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WATER SUPPLY Of TROOFS IN FHE FIELD.

By Buiu-GeNerarn R, P. T. HawksLey, C.Ma, D.5.O.,
CHiel ENGINEER, 215T CoRPS.

Water Supply fur troops in the Field divides itseif into lhres
Catepories 1—
{ey When at rest,
(#) Tactical, or in preparation for concentrations or offensives.
(c) When on the move.

The two lormer categories merge into one another, and the require-
ments lar (&) should, as far as possible, be foreseen in making the
provisions necessary for (o},

z. The allowance per head s :—per man—r1 gallon per day ; per
lipree o mule—-10 gallons per dayv; per camel—zo gallons every
third day, and these wmounes should be caleulated for in (&) and ().

The allowance per man and horse may, for certain definite purposes
and over very short periods of aday or two, be reduced to halfa gallon
and five gallons respectively, but as a rule both should be provided
with as much water as they requive, within repson,

The theory thut men and horses can be trained to use a very small
amount of water is not a sound one. Tt is better Lo start an operation
with men and horses e the pink of condition than ina half-starved
state. Therefore, in arranging for {2’ the amounts should be consider-
ably increased, Dot when this ks anabysed, the increase, cxcept in
very hot weather, when a horse may drink some 1z gallons, or even
more, is due E the requirewents of men only as regards washing,
disinfection of clothing, and stmilar pamoses.

3. The Division is divided for water purposes into four groups,
viz 1—

Gallons per day.
Men, Hurses, hen. lorses, Total

Dixl, H.EL Group. 00 3120 10000 31,200 15,100
3 DBrigade Groups (each) goo0 1,530 5000 15,300 20,300

The total requirements of a Division, on this scale, are therefore
45,400 Of {say) 100,000 gallons per diy.

The above fiyures are approximate for an Imdian Division, but are
near enough to facts for water purposes. A British Division reguires
somewhat less, Corps Troops vary in member, but may be taken at
1a,000 men anl 5000 horsas.

4. Where opea water and Howing streams exist, and the red, white
and biue flags can be used, no particular diffficalty need be anticipated,
but where every drop of water has to be duy for, or lifted from
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wells oo ft, (o 200t deep, quite a different proposition presents
itsell,

5. The water distribution ugit lor snimals is —

1 L. & F. pump, complete with hose.
1 trouglh, canvas, oo gallons * {nominal, but really some 350
gallonis),

This unit, provided too great = duty is not put on the pemp, can
water, with good manzgement, some 180 horses, or 54 camels, per
hour. It should be noted that only 13 camels can use a trough at
one and the same time, and each relay takes 2o iningles to waler,

Liach watering siould be calculated 23 lor 2 hours.  Therefore euch
Brignde Group requires o aminttrom of 3 units, and the Divl, B0,
Group reguires ¢ units, where it is essenttal tn water entirety [rom
troughs,  As the watering s very olten widelv distributed, and as
somierimes, where the source ol supply i3 insulficient for a unit
supniy, a Diviston should ewrry mo fess thau 36 onits, o 72 per Ficeld
Comnpiny, of whicht some must be apolied 10 mens’ water,

For men the tank, canvas, 2,300* callon (nominal, but really about
(500 gaklun) s requirsd, for colleciion md chlorinating purposes,
and some 10 ol these ate required per Diviston.  Fhe actual number
depends greatly on how ously water caris or other receptackes, m
which chiorinating ran be done equally weil, are carried.

&, For stotage, while ab reat, Targe cunvas bucksafls, so (b by 301t
specially proofed, and holding, when mounted on timber [rames, or
dug tnte ground, soine 7,000 wuiows, are often naod. It {3, however,
highly decirable, in ordet to sconomise ip these and in the 2, 300-mallon
tanks, and also in doo-gatlon tronyhs, also i the deration of a lalt is
fikelv o justify this course, to cotstreci masolury reserveirs, and
wooden of even masupry trodgls, in order Lo osave the canvas
reservolrs atul trouphs for mobile use.

7. Similarly, while at rest, it 15 extremely dt::-,lrd,hle o w tthdmu
from uge equipinent pumps, and ]C[}LICL them by other pumps,
order thal when a move gceurs, all equipmonc shall be in first- {,lass
order.

B, Where waier has to be dug for, it s not a practical proposition
to expect & Division to be wirtercd the night of arrival at its desiin-
ation, where water ocoms at more than & i, underground,  Where
this stale of affairs ocours i sandy soil, a great strain is thrown
on the Hoyal Engineers, and it may be necessary 1o carmy
specially designed well linings, of coiTugated iron on timber framings,
making a well of 6 [ by 6 (L.

Where the soil comsists of ¢oarse sand, perforated driving heads,
known sometimes 4s apear poinks, sunk by means of the Norton Tube
meonkey, may be used In conjunction with the L. & F. pumps, but

® The method nnder which this gallonage was arvived at is not known.
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these are diseppointing in fine sand or in clay or ordinary seil.  They
are spacially wseful fur obtgining drinking water tor men, as the sk
of pollution is decreaserd by their use,

The Norton Tutks sets are especially valuable in such cases in
testing the depth of the water, but as means of supply, thefr
vield heing anly some zoa gatlons per hour, they are not of much use.

Shallow wells may be expected o yield fom 300 to 300 gplu
and thersfors some 20 wells per Division are necessary.

9. Where water is at depth below the reach of » L. & F. pump,
there are two possible means of lifting, during operations, with
great speed from open wells: {2} 1., & F. pumps in serics, or stages ;
(&) Water bags {with valve in base).

(el ia placed out of court at once, where the necessary stagings
are net in existence ;

{4) 15 always possible, and s the best amd quickest. With a
good deptin of waker in the well, water at oo fi. may be
drawi up at the rate of upwards of 1,000 gallons per hour,
with a 2o gallon Bug, by nian ot horse power.

The last six inches of © well ulways give the greatest yield.  The
valve in the bottom of the bag can deal wilh this, bl more slowly.
This means of lilting water from depth is, an the whole, ithe most
efficient when speed of erection is constdered.

The yvield of a deep well may be anyvthing front 500 Lo 3,000
gailons per hour, or even more. A Division must, however, with
such sources of supply, be considerably dispersed where yields are not
great,

Where more time is available, a Chain Helice pump, driven by a
5 h.p. enging, yielding, at r3o fL depth, 1,200 gallons per hour, is nost
useful, and takes only some 2 hours to erect. Where still more time
Is available, a deep well pump (preferably with a ball valve), diiven
by & 5 L. enging, yielding at 130 ft, depth, 1,000 gllons per hour,
may be used, but (his takes ¢ hours to ereet, and is therefore not
of mueh wse in rapid operations.

19. Where bore-holes are met with, it is often the case that the
pump is cither fu working order or gan be quickly repaired, but the
engine is destroyed.  The Lister tvpe engine, of which cach [ivision
should carry two, can lre used in such cases. Ao Isler pnmp is useiyl
for bore-holes of 5 in. or upwards, but for smaller bores an Isler pump
fitteedl with ball valves might be found suitable. Clack valves are
unsuitable.

T Where native-owned engines amd numps are foond, it i ofton
the case that the owuers wilt have removed the niagnete, and other
essential parts. A [ittle peaceful persuasion, with the promise of
waler for the owners’ use will, us 2 rule, produce the missing parts,
when all will be well.

12, Engines and pumps erected by the enemy canoot be relicd
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upon. They are found, as a rule, in a wrecked condition, except
where an advance has been so rapid 24 Lo upset all ammangements for
destruction. It iz unsafe to rely upon them for supply,

13. In preparing for a coneentration, the supply from a well or
bore-liole should Le wrranged at per Brigade Group or Divl, H.O.
Group, provided always the well o bore is of sufficient yisld, and
should be piped to the site of distribution. Each Brigade Group
should e provided with & water points for trougls, mud 1 water
point for men.  The former may consist of 3 standpipes with T head,
not less than 30 it apart, to deliver into equipment or other troughs,
and the latter should be a stand pipe to deliver into water carts, or it
may deliver inte & cunvas {ank, ffom which the water is pumped by
hand into water carts, fanats oc ather receptacles,  {Tanatis are boxes
of galvanised iron or copper, of 10 to 15 gallons capacity, tor camel
pack transport).  The distribution for the Divl, H.(). Group is larger
In propottion.

Water prepared for concentrations it offensives must be so sited
as to comply with tacticd] requirements.

As arnle,a Division in the attack is distributed in depth. The
extent of front and depth depends entively on the conditions of the
campaign.  An average distribution is by Brigade Groups, the leading
water point being about aae mile in rear of the front line, and sue-
ceading Brigade Groups and Nivl H.) Group water points being at
intervals, towards the resr, of as much as ons or two miles.  Where
very large musses of troops are ensaged these intervals muost, doubt-
less, he reduced very considerably.

In the event of an offensive being ditected towards a country
devoid of water, except such as can be easily destroyed by the ensmy,
it may be necessary to allow for two or even three DBrigade Groups
per Division at the most advanced water point, in otder that, if new
water is not tuken bevond the front bine, it may be possible to send
back Lo the most advanced prepared water point.  These water puints
may be wells or bores, either existing and developed, or specially
sunl, ot plpe lines may be spectally laid.

When layiug pipes for tactical purposas (&) or domestic purposes
as in (o) the general rule is to esta®lish the pumping installation at a
suitable source of supply as fur back as possible within reason. Such
distance will, of ¢ourse, depend on the pumps or head available, as
well as on the supply of pipes and specials.

Anywav, by adopting tlis rale, the headworks or pumps are placed
in the safest situation, and as free as possible from shell fire or capture.
When laying a pipe line it is as well to luok lorward to (he possibility
of extending it in the event of an advance, and to leave 1" for use
in the event of a retitement. Where wells or bores are used, they
should be specially chosen for the seitability as regards invisildlity,
both of the site itsell and the approaches,
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These remarks apply similarly Lo the demnestic supply for a Division
in the e,

14. Pipe lines may be laid from a source of supply behind the front
line, te provide a supply to troops who have gained their objecs
tive. Where accwate contoured maps exist the matler does not
present any gteat difficuldes, but where heads have to be goessed at
it may be necessary to erect relay sets at intermediate points.

Tite actual layving and serewing up of the pipes docs not present
any great difficulties. The success of the enterprise depends on the
speed at whicll pipes can be transported to site and the extent to
which the enterprise has been organised helorehand.,

An vxample of the organisation of a pipe line construction is
appended (see accompanying Flax). The source of supply was a
Targe river, and a triple ram pomyp and 2 by Robson engine were
used. The delivery was 4,000 g.p.1. against a head of zoo ft. The line
was laith and bucksails of 7o,000 gallons capacity erected in 84 hours,
The work was cartied oot within full view of the cogmy, but no
interference wus attempted.  Labour wsed was almost entirely Native
Lpyptian,

15. It has been found necessary, where troops are cxpected to
move through an abselutely waterless country, to provide Water
Convoys. A Division, at the rate of 4 gallon per man and 5 gallons
per horse, would require 4,400 fanatis of rz2 gallons cach, carried on
7,200 camels.  The filling of these at speed must be arranged for, and
can only be done with the use ol reliable puenps and perfect organiza-
tion, In addition to the filling of fanatis, the camels which carry them
have to be watered.

5. In some countries, especially those possessed of an ancient
civilization, most of the old native wells will Be found to e very
small yielks.,  Where Ume adinits, these should be cleaned out. As
an example, no less than z4 it ol sludge has been removed from
a well 1o [t deep, with the result that the yiell was increased
from 300 to 3oo0 gallons per howr. To cffect this clearing out,
pumps with ball valves, and tripods with backets, are essential. A
boring outfit is mest uselil for this purpose,

17. Beports om water, when [ound, should be sent to H.D. of
formation without delay. The yield of a well cannot be accurately
ganged without observing its behaviour overaperiod. Il would suffice
in the first instance i the number of troops watered at the well be
stated and the opinion of the reporting officer,  1f the opportunity
poeurs, tlhis report can bo amplificd later,

18, Where A country of springs is occupied, and information is
indilferent as to the minimum viclds, they should be gauged from the
commencement of occupation, in order that an estimate of their
minimin vields may be made. The yield of a spring sometimes
reduces violently down to a minimum about Dalf way through the
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dry scason, at which level it remains comstant. The belwviour of
springs varies, of course, in different formations and different countries,
30 that no known rule applies.
9. The essential conditions of 1 water distribution area are ;-—
fa). Fairlv level site,
(&), Suflicient romn {or barracking a certain number of animals in
preparatiou for wateriug.
{¢). Kasy ingress and egress.
(). Lines of troughs not less thav jo ft. apatt in the clear.
(e} Animals should enter trouphs atl one end, and leave at the
other.
{3 The supply to any trough must be sulficient for maximom
number of animals watering at that trough.

If, fur instatca, a trough is oo ft long, and will water,
therefore, 63 horses, using both sides, at ooe time, the
supply to this trough should be not less than 68 %4 gulluns
=ayz pailons i ten minutes, or at 4 rate of zyexb
= 1,632 gallons per hour.

{£). In some snils the standings must be hardened.
(. Overflow wiber must be draiued off

zo. The general conditions of water “tactics™ or “strategy” (for
want of a batter word} seemn to be as follows ' —

{i}. In a native country, where water exisls at depth, and deep
we.ls exist 1 —

fa}. With fust moving traops—which implies fast retirement
of the enemy, and that they have not destroved the
wells—watler hags must be used ;

(83 Where the ensmy retires more slowly, water bugs may
still be nsed, but to save the erilless wear and tear on
ropes and bags, power-tiiven Chain Helice pomps
may be used,

(if). Where water exists at depth, in a native country partly
exploiled by Europeans, it will be found that open wells,
botl native and Earepean, and bore-hioles exist.

{The Luropean open weils and the bore-holes will be tound
fitted out with power pumps, some ready for use, and some
in a worn-out condition) :—-

(a). With fast moving troops, the open wells can be worked
with water bags, the power pwwops must be put
in ordler quickly, and where necessary engines must be
provided to work thom.  The enging will be more
often found not fit for use than the pump,  Ience
5 hgn engines at the tate of two per Division should
b caried.
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{#). Where the advance is slower, & considerable amount of
fabour may be saved by carcving one Chain Helice
and one Isler, or similar pump, per Division,

It may be unecessary to cairy some spare parts of
enginas and pumps most likeby to De met with.

21. Where wubter i3 mef with at 2oo . or less with moderate
certainty and conditions are generally suitable for quick bering, a
propecly orgumized and equipped Boring Company or Section is
essential, where troops do not move too fast, and wsual long halts
are miade, and for L. of C. purposes.

Where a Boring Section only is provided, it should be attached to
the maost suitable AT, Coy, RLE, at the bead of the L. of C. The
Buring Company or Section should bave access to the machinery
shogps, und should have a special agent stationed in these shops.

az. Unanew line formations must be followed up for consolidation
purposes by AL, Covs. E.E. eguipped with pumps ol jfrom 1,000
tu 3,000 g.pdu capacity.

23 When an Army has to use power pumps, and other machinery,
a woll organized repair shop is an essentfal.  This shop may be located
at an advanced base on L. of €. All pumps which are issued to the
troops must be thoroughly overhauled by these shops before issue,
amd all engines must e given trial runs oo testing blocks,

It is olten the cass that a tactical operation depends on the success
of a water pumping operation, Hence any deficiency in machinery
may easily upset the calculations in connection with the military
operation,

As an Army advances, enemy shops which are worth whils taking
over should be brought into use. For such purposes, cfficient work-
shop officers and staffs should follow the Army at the head of L. of C.
whether attached, o posted, 10 AT, Covs. B, or not.

24. The Huyward Tyler land set caun be utilized for pipe lines, or
may be used for illing =ix iroughs or tanks at one and the same time,
For the latter purpose an arrangement of canvas hose, fitted with
Wl Tee picees, aml provided with six water points, can he easily
coustructed and should be part of the ouddit of the set. The Hayward
Tyler set may e connected o six spear points connected topether
whers sultable soil exists,

25, Where wuter iz scarce, more appliances for lifting are re-
quired.

Where new countries are vxploited by Europeans, and especially
where German influence is felt, much machinery will be fognd. This
was found to be the cuse in Gernun W, Afeica and Palestine. It is
esgential insuch countries that unils shall have on their Tstablishments
maly more engioe deivers, especially in ol and petrol, than are
authorized. A Division may have to work upwards of ten sets,



208 THE ROYAL ENGINEERS JOUKNAL. i Novomesit

entailing 3 engine drivers each. A Fielld Company shounld therefore
cottain from ten to fifteen of such engine drivers.

26. The oriental methods of raising water are oiten extremely
efficient, and are wseful when an Army is at rest.  The Shadoufl
{Arabic), Dhingly (Hindustani) consists of a bucket hunp by 2
rope to a swinging pole weighted at the end opposite to thut to which
the bucket is attached.  This is capable of an average of upwards of
nzeo grh from a depth of some ¢ {t.—the capacity entirely de-
pends ot the skill of the operators, and natives are far more adept
than Europeans can ever becone,

Bakkieh (Arabic), Arrat (Hindustani) s capable of some 3000
gpduat 4o 1 deptl. It may be operated by men, oxen, camels,
horses, mules, ete.  This is the *f Persian Wheel”

Chursa, used in Indiz and Mesopotamia, capable of wpwards ol
L,200 P At 40 L

z7. air lilt pumps caunet be relied upon during operatious, us wells
with sufficient depth of water are very tnasaal, I, however, such a
well iz met with while the Army is at rest, an air lift pump could be
brought up for the special purpose, and would doubtless be found
mest useful, .

2B, Among other switable types of pumps and engines for service
purposes are ;—

Engines, Purps.
5 h.p. Lister. Isler, deep well, t,000 gph. at 150 ft.
o, : Dando, deep well. 1,000 g.p.0u. at zooft.

§ h.p. Lister.

7 hp. Blﬂckstone.}

For cleaning out wells the Dando with its ball valve pump is most
suitable.

5 h.p. Lister. Chain Helice. 1,200 gph. at 1zo ft,

{requires 1& in. depth of waler.)
Hayward Tyler Land ¥ {4 h.p Blackstone} 3,600 g.p.h. against
Set. 1o¢ t, lead,

Noleg.—

Petrel or oil driven engines are, as a rule, essential on service.
Mative produeer gas, steam, ete., and even Diesel engiues are often
foutied, and units nust be capable of using them.

A peculisrity about the supply ol water to troops in the field, is
that the more they are supplied with, the greater are their demands,

Dando, deep welll 3,000 pp.h. at zao {t.
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THE WORK OF THE ROYAL ENGINEERS IN THE
EUROPEAN WAR, IgI4—I4y14.

(Continued.)
BRIDGING.
CuarTER 1,

BRIDGING OPERATIONS PRIOR TO AUGUST, 191k

Intradnuction — Friar to toty. Terdng ot f-—January te March, I8 —Aprl to
]u[}r_ Tyl

I. [¥TRODUCTION.

Actual Bridging operations during the War may be divided into
five distinet periods :—

(Tsl), Heior fo 917, which was a period of strenuous preparation
and training, but during wiich Bridging operations were of
minor itnportance

{znd). Puring 19%7. Operations following the withdrawal of
the German Army to the Hindenburg Line

(3rd). Jenuary fo March, 1918, Preparations made in anticl-
pation of i general German offensive |

{ath). April fo July, 19r8. Bridges necessitated by the with-
drawal of the British Line ; and—

(th), August fo Novonber, 118, Bridges erected during the
final advance {deseribed in detail in succeeding Chapter,)

These periods will now be described in detail.
Map BB, shows the principal waterways veferred to.

2z, PrIOR 1O IgI7.

In the first months of the War a fow timber Hridges of ordinary
type were Tmilt.

During the Battle of the Aisne a heavy timber braced trestle
bridge built by the zoth Fortress Company at Bourg was the principal
means of communication to the British T Corps, and, when the frent
was taken over by a French Corps, the entire velief look place across
this hridze during one night.
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Pending the arrival from England of the bridge work which had
been ordered, a few steel spans [(R.S.]. and Girder) were made up
locally st Lillers and Armentiéres ; some of these were utilised for
the repair of low level bridges on the Lys between La Gorpue and
Armentidees, and on the River Lawe,

A wonden Ginder Eridge {Central Spun about 65 it.) was also erectad
at Le Bizet, North of Armwntiéres; this was replaced later by a
steel Girder Diridpe consisting of one Goft. Class B, and fonr rolled
steel jolst spans on braced timber trestles,

Sotne of the earliest Dridges were illustrated in the fHrst Edition
of " Memeo. on Constraction and Repair of Road Hridges

The zoth, 25th, z1st, and 42nd Fortress Companies were all em-
ployed on this work during the end of 114 and beginning of 1915,
They also assisted in fitting out the Barge Depéts and Hridges,and
in warking ont varicus detatls and designs.

The need for heavy bridging equipment, which Furtress Companies
lacked, was ona of the main causes of the conversion of these Tnits
into Army Troops Companies, in whose equiptnent provision was
made for special tackie, pile drivers, ete., and mechanical transport,
as well as increased personnel.

3. Domike 1977, THE SOMME.

On the 17th March the Germans commenced to withdraw across
the Somme in front of the Bridish Fourth Arny.  On the following
day the crossings came completely into our possession, and recon-
naigsances showed that the whole of the bridges had beon destrosed,
Work was at once commenced by the Field Companics of the 1st
Division on temporary crossings, and Infantry were enabled to cross
the same night.

Medinm Bridges to carry Grst lioe transport were commenced the
following moming, and a crossing was completed at 5 am at Biie,
There were six gaps in the original cressing over the Sommg
River and Canal, one across the Canal about 35 ft. broad, and five
others 28 ft., g3 ft., 24 fi.. 78 ft. amd 61 {4 respectively.

O the Hth of March an interview took place between, the Army
and Corps Bridging Officers, and an Otficer specially sent from the
Rridging Schaol, at which schemes for the ersction of stecl bridges
wore decided om. The required spans were at once despatched from
the Base, and two train loads arrivel at the Army Depdt on the 21st,
and two more on the 2z2nd. From this Depiot all material had to be
taken by horse transport a distance of about 1o miles, as the roads
wire uttlit for 31T,

Refore heavy bridging could be commenced asecond set of medium
bridges had to be erascted, and ihe onginal ones which for the
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sake of rapidity had been built on the site of the old bridges,
dismantled.

Sume delay was also caused owing to a simgle trock being cut off
en ronde, in whicl wers packed the bolts for all the steel spans. The
erection of the heavy bridges was carried out by the 23rd and qogth
{Lowland) Field Companies, of the 1st Division, assisted by a detacli-
rent of an Army Troops Company, and working partiss from two
complete Inlantry Battalions,

The entire crossing was ready for all heavy traffic at 4 pau. on the
28k March.

The estimated date for the completion was the 30th, and a special
message of congratnlation to the Engineers of the TFourth Acmy
was recelved from the Commander-in-Chief.

The details of Bridpes were as follows -—

No. r. Gap ... 30 0t Span on crib picrs,

No. 2. (rap .. 2T Tt B in. Span an crib piers,

Noo 3. Gap ... Do ft. Span on crib plers,

No. 4. Gap ... I ft. Span on crib piers.

No. 5. {zap ... Filled in by means of 3 rofferdam.
No. 6. Gap ... Bo ft. Span on crib picrs.

No particular difficulty seems to lave been found in launching
the girders, thongh none of the troops emploved had had much
previpus training.  ‘The actual time taken in the crection of the five
hoavy bridges was @ waek.

When this same crossing had to be bridged in 1918, the work was
completed within four days, which shows the advantage of previous
experience, and of further opportunitics for training.

This was the first heavy bridging operation of any importance
carriad out <uring the War, and it {5 interesting to notice the chief
lessons which were reported by the CE. of the Army.

They were as follows . —

(). Spans used are generally longer than whatl had been caleu-
lated from the available information, owing to the destmue-
tion of abutments and approaches,

(B). Special arrangements are necassary for artibeial lighting
at might, 8o as to allow of continmous shifts. A A Search-
lights were horrowed and wers quite saitable.  (Nate—At
ihis time night boembing was practically unknown),

o). It is wnnst essential to have a skilled Officer in general
charge whose authority, irrcspective of rank, must be
paramenint, and who muse have a whole time Assistant.

(). No troible was found in assembling any of the spans.  The
workinanship of the steel was excellent,
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(). An ampic number of plans is required with cach hridge,
and they should be mounied on cloth to resist the weather,

(fl. Transpart of material needs most carefal organising, and
should be armunged for by the Army Clief Engineer.

The Engineer-in-Chief circulated these notes, and drew special
attention to the necessity for the reost carciul preliminary recon-
nalssunees ancl organisation of personncd, material, and transport, se
that no time shall be wasted when work becomes possible.

Subsequently & munber of other bridges were erected over the
Somnmie aned its enlmtanes, incheding four Oo £t Spans, one 3o it
and one 13 ft. in Peronne.

Arres. A few bridges wene built by the Third Army during the
Arras Battle in Apell. The most important of these carried the main
Cumbrai road across the railway just north of Arras Station,  This
crossing had been completely desiroyved by the explosion of an
ammunition dump on Easter Sunday,

The 557tk {Glamorgan) Army Troops Company started wok a
few days later, and spent a woeek clearing the débris under constant
shethng, which continued during most of the work of crection.

At one time work was stoppod by order of GH.O. for 2 davs, and
was resumed again,  The entive erossing was finished in a fortnighd
more.  Two bridges weee built side by side, each consisting of a
Go [t apun, 21 fE O in. span, and o 14 {t span cacried on stecl tube
piors, which resied on concrete foundations,  About g0 casualties
were suffered during this work, mostly by the carrying parties.

The same Company next repaired a damaged girder bridge over
the railway at Achicourt—wooden trestles were first inserted undea-
neath, and the steel gitders subeequently repaired.

Another impartant road bridge over 2 rallway cutting near Arras
was repaired under heavy fire by the eSoth Army Troops Company,
holes Im ihwe arches belng fAlled with reinforced concrele, which
required the ercction of false work to o height of heiween 30 and
4o feet.  Orders for this work were issueed on the 16th Aprid, and the
bridge was re-upened for o}l traffic on the t1th May, during which
perivel 14 R and &3 others engaged in the work were killed or
wounded,

Yres—Poperinghe.  During the Summer of 1917 a certain number
of hriddges were crected in Flamders, in which no spevial points of
inderest are to bo found.

Preparations for Crosstay the River Lys w1017, In July, 1917,
preparations were made for a possible crossing of the Kiver Lys by
the Second Army. Exact sites for proposed crossings could not be
determined, but it was declded to provide, and have ready at acces=ible
dumps, sufficient bridging material, stores and lvonching equipment
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tor atlow of the creetion of two steel bridges at any two peints on the
river, also to provide the necessary pontoons and special super-
struclure to enable 2 RS [, Heavy Pontoon Bridges for A, Loads
to be quickly constructed at the selected sites, pending the completion
of the steel bridpes.  Material for the steel bridges was collected
partly from the Base, and partly from the Army Barge Depdt, into
an albvanced Depdt at Steenwerck.  All material for the Heavy
Pontoon Bridges was also assembled here. A subsidiary dump of
heavy bridging stores and materizl was alse formed on the right
bank of the Canal at Merville. Matetlals for cuch separate bridge
were carcfully laid out and marked, and all malerial and stores
mads up into lorry loads for trapsport,

The projecied operations were ultimately abanduoned,

When the German advance in April, 1918, teok place, these Depdits
were overrun, and practically all the material lost, but duering the
sulkequent advance of the liritish Army Iater in the vear, the
steclwork of the bridges was tecovercd intact together with most
of the bridging stores, and was all used during the Second Arvmy
Advance,

4. Jamuvary To March, 1918

A goneral attack by the German forces was expected during
the carly part of 1918, against 1he Southern British Armies,

Witk a view to possible cventualifies, a considerable amount of
additional brodging was carried out on the Somme front during Feb-
ruary and March., Existing bridges were doubled on the main routes,
others strengthened to carry Tanks, and new ones crected.  This
works was organised by the C T Fifth Army, and was all carried out
uncler the general supervision of the GIL0) Bridging Officer by the
z16th AT, Company, and two Companies of American Engineers,
The 216th Company was specially picked out for this work on account
of the (0.C_and senior Subaltern of the Company having hotl passed
specially good courses at the Bridging School.  The American Armny
had asked to be supplied with various type spans for mstructional
purposes, and willingly agrecd to a suggestion that they should
instead send Units to assist in practical work on the Somme.

The complete schetne wlnch was drawn up vinbruced 62 bridges,
and of these 31 had to be completed before the zost March.  Nearly
all types were represented, including a Hopkins go ft. span, several
o ft., 3oft., zrft. 6 in., and 16 ft. type A&, bridges, & Pont Lovis,
and 1 Portal Lifting Bridge.  Work proceeded smoothly and rapidly,
anl the opportunity that it offered for progressive training to the
Units cngaged was most valnable.  The very high standard of
cthelency attained by these Companies in a comparatively short
time showed clearly the results that could be obtained by training
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ang practice, and this was fully bome out by the work of the 216th
AT, Company in the intensive bridging operations during the
Antumnn of 118,

At the end of Marcly all these Units becarme invelved in dhe refire.
ment of the Fifth and Third Avmies, and became part of e so-culled
Carey's Force.  As soon as they had heen relieved they commenced
the next stage of bridging on the Somme under the Fourth 'Amy,
and later n the Aire district.

5. Apmi To JuLy, 1918,

The success of lhe great encmy attacks on the British fronts
during March and April not only invelved the loss of a mumber of
bridges and bridgng stores, but al=o created the necessity for
g lavge nueber of addislonal bwidees behind the  me-comstitated
Front,

This work was coericd out by the Seeond Aty in the =t Omer
area, by the First Army near Betlune, by the Fourllr Avmy on the
Semme cast and west of Amiens, by thie Director of Woiks in the
Abbeville district, aned under the GH.C) Bridging Officer in the
neighbourhead of Montrewil.  Phefugraphs XVIIL, XTX, and XN
show a z-span 55 ft. bridge in course of constouction at Beutin.
The two spuns were bolted together and launched by the cantilever
ned bl .

The Scrond Army work incleded a large number of Rolled Steel
Jst spung aver the mies nf small sereams in the low-lving Counkry
nortli-west of St Onaer, as well as a considerable amount of pile
wirrk,

The troops ciigaged included the z10th AT, Company, Canadiun
Railway Troops, and I.W. T, Units, the atter of whom did most of
the pile driving, and wlso erected o 120 o Hopkins Brudge at Argues,
This is shown in Phatograph XX,

The most important work done dudng this period was prohably
thut of the Tourth Avmy cast of Amiens, which was carried oat under
cotsiderable dilbealties immediately the line stabilised,

Troops engaged were the 216th and 374th Army Troops Come
punies, he 333rd E and M Company, and two Companies of
American Engineers.

Much use was made during this poriod of the Inglis rectangular
type bridge, which conld be crected very rapidly, and dismantled
and moved to a fresh site as soon as a permanent bridge was com-
pleted,

At Blangy the canalised Somme was first bridged by an %4 1t
length of Inglis, which wus replaced by a continwous RS bndge
made up of 21 ft. 6in. and 16 ft. stock spans on four 2 pile bents, A



iG] BOY AL ENGINEERS 1IN THE BUHOPEAN WAR. 213

feature of the construction of this hridge was that the spans were
assembled on pontoons, Hoated into position, and the piles deiven
from the bridge, the pile drivers being so arranged that piles could
be deiven simultanecusly on cach side of the midge.

At'the conclusion of these cperations the Chief Englucer reported
the most important Jesson learnt to be that the success of heavy
bridging operations on a large seale must depend very greatly on -

I. The loading of the trains at the basze.

2. The vrganization at ailhead and dumps.

3. The wyanisation of rowd transport.

4. The liaisom between base, rallhead, dumps and receiving
nnil,

In no case was there difficulty or delay m assemtling and lannching
spans ut the bridge sites, A good deal of diflicnlty was experienced
with approwch rouds at the new sites, and io several cases long
lengths of new plink read had to be made across the marshy
ground in the Somme Vallev, A typical example iz shown in
Fhokneraph XXIT

Additional crossings were next made between Amiens and Abbe-
ville, This work was delaved by frequent changes in the Units en-
gaged, the 374th AT, Coanpany linally Deing left to complete the
work alone,

A Hopkins ros ft. span erected at Hangest-sur-Somme gave some
trouble owing to the proximity of the main tailway line, which
was an obstacle te the launching arangements,  The back guys
of the launcling derricks had to cress thie line at a sufficient helgh
to allow tradns to pass underneath.  An overlaoging spar on
one of the trucks of the fifth train to pass struck the guys during
launching operations, which fouled the frain, cavsing a delay of
24 honnns

Al Long a series of spans was erected on pile bents.  The piles
provided were 27 ft. long, and it wis found necessary to splice on the
top of each a lengihening plece of 13—13 feet. in order to obtain
suthcient beaning stability.

A mechanical pile-driver was used here for the first time in the
Fourtlt Army. Tt consisted of an R horse-power Lister peteol engine
driving o small friction winch, and an ordinary dervick.  This was
fournd an taprovemnent on band piling, bt the apparatus was not
altogether satisfactory.

Several fitting boudges were erected, and the light lifting gear ot
the Portal type gave a good deal of trouble.

Special attention was again given to the receipt of material at
railheads, and the transportation to, and unloading at, sites, ail
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fhe arrangements being careied out without a hitch, and without
any single deficlency in stores occurning,

Photograph XX shows @ standard 21 £ 6 in. span, and Pheds-
graph XXIV. an 841t length of Inghs Reclangular with a replacement
bridge alongside conststing of two 21 ft. 6 in. and two 16 ft. spans.

(To be confinted.)

‘Prevints articles under the heading of @ The Work of the Royal
Fugincers during the Ewropean War, sg14-10"" appeared in the JE.
Journals of Septemler, gty {Intreductivn g otos; Anti-Adcecafe
Scarclliphrs, France, po 1ob; DPostal Section--Anny Postal Services,
p. 4] amd Cetober (Bridging, Chapter E po 16z).  Copies of thess
Juournals may be obtained through the nsual channels.]



Pholograph XwvIIlL

AATRATH S AT T

FPhotograph X1X,

AT T g
' .-..-.nr_lﬂ""" Fioee”

Photograph XX. -Ergction of 3 Two-Span 86t Bridge at Beulin.
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THE DESIGN OF ROOFS.
fy LwoT-Col, H. L. Lewrs, mso., RE.

EvEN befare the war it ocourred to many officers that recognized
methods of designing roafs gave results that erred very much on
the side of safely, not to say extravagince.

During the war, and especially in its later stages, the shortage
of material eoforced o reduaction in the size of members, and it was
found that roof structunes cut down to a fraction of the strengtl
that would have been comsidered normal in peace time, were ahle
to fulll chedr purrpose, anl, in exposed sibuations, to survive repoated
sturms,

[t became evident that the theory of roof construction Tequired
investigation aned drastic revision to bring it into line with the experi-
cnee recently pained.

2. Itis for the purpose of propounding seine ideas and of inviting
a discussion thal this short article has boen wrilten.

Essentially, & roof consists of a *' covering ' and of a structure
whose function it is to maintain that covering in place under 2il
conditinns except the most abnormal.

It i3 now suggested that past practice resoited in some, if not ali,
of these members being made very considerably stronger than safety
demanded,

That the pure theory of roof design was at fanit, may be ruled out
at ones, lor this theory 1s the same 2515 applied to other enginoering
structures, and is based on very numerous expeniments.

We may attribute awy crrors that mav have arisen to one of two
CARES '—- '

{1). A faulty arrangement of the members.
f2).  An oexcessive estimate of the loid that might be imposad.

As regards the first of theose, it must be admitied that a very
large mumber af roof stmctures are imperfect.  The spacing of the
trusses, the number of the points at which the principal rafters are
supported by struts, the spacing of ratters, are considerations which
all have their effect on the economy of design, and in the aggregate
may easily make a difference in cost of ten or Afieen per cent,

Such guestions rarely recetve snlfictent attention. Joints are
aften designed s0 as to bring about large and avoudable secondary
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stresses, and to meet these members nmst be made heavier than
waould othierwise be necessary.  These secondary stresses arg nover
calenlated, or directly provided Jor, tul as a sufficient factor of
salety must e obtained, theony 15 made to square with practics
by allowing for a roof lead greatly in excess of whatever actually
OQCCUTS,

3. Let ws consider how the roof load is estimated and whether
the customary allowances are in fact justified.

The perminent loads allowed for are actual existing loads, and it
13 ouly a gquestion of eslimating or measuring them correctly,  This
can always be done with soffickent accuracy, if not at ithe first, then
at the seoond or third attempts,

There remain to be considered the allowances which showld be
made for the various temporary loads which may beimposed, whether
duee to the welght of workmen, weight of snow, or to wind pressure.

4. Firstly as regands weight of workmen.

A very usual allowance in this case is 25 1bs. a foot super., which
s ponsidered applied to battens, to commaon rafters, to purlins, and
to tusses.  Inoorder to appreciate swhat this imeans, let vs apply this
allrwance to a roof with a clear span of g0 ft., with trusses o it apart.
The length of principal rafters will be about 24 ft., and we may
assume that the purlins are spaced & ft. apurt.  Assume that the
common raflers are 2 ft. apart, centre to centre, and that battens
are spaced at 1 ft.

A load of 25 lbs. dead load per foot syper means on gach commaoen
rafter, a dead load of suo Ibs,; on each purlin, a dead load of 1,500
ths.: on each truss, a dead load of 12000 bs.  So that, so far as
workmen are concerned, the assumed load is equivalent to abput -—

13 workmen on each common tafler,
g workmen on cach purlin,
70 workmen on exch truss,

taking the weight of ane workman at about 170 lbs.

Stated in this way, 1t {5 evident that, wherear 25 1hs. 2 fool super.
is not an unreasonable allowance for workmen in considering the load
that mav come on a commean rafter, it is a whelly absund allowance
as applied toa ]Jlll‘iin or toa truss,

A commen rafter may have to bear the bulk of the weight of a
single warkman, being live load and not too well distribated.

A purlin is mast unlikely to have ta bear more than four workmen
at one time, at the very outside, or 4 total load of 680 1hs.

If any of the overlaying structure is in place, this load will be
fairly well distributed, and as the men will have to move cautionsly
it may be constdered a very nearly dead load.  Tf, on the other hand,
the superstructurs has not been placed, the load is less well distributed
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and is more suddenly applied, but on the other hand, the permanent
Inad is absent.

We may assume here that, for four worknen, a total load allowance
of 680 Ibs. or at the rate of 114 1bs. a foot super is well up to the mark,

Were the purling spaced closer together, there would be propor-
tionately fewcr worlimen on each, and the same allowance, say 12
lbs. a foot super wowld be ampls,

The truss will never have to suppert 7o workmen at one time,
We may put the maximum number congetvable tor aoroof of this span
at 1o on eacl side, which works out to an allowance of + 1 Ihs, a fon
super. of roaf slape.  Such loads can always be considered dead and
distributed.

It shonild be noted with regard to rafters, purling, and trusses that
a factor of safery will be applied to bolh permanent and temporary
lads and that the former betng invariable, the actual marghn avail-
able Lo meet unusual variations of the latter is greater than is
apparcnt at first sight.

It would appear therefore, that for the ronk which is being con-
sidered, and for all similar roofs, the following would be a fair and
sufticient allowance for workmen, previded the ordinary males for
gom] construction are followed -

On battcns and comunon rafters 25 Ibs, por ioot super.
"On purlins ... ... e 12
On trusses ., e 3

FE 1 b

Y] 2, ]

3. Aftowance for Snow. —In England, it is rare for any consider-
able quantity of snow to lodge on a sloping roof.  1f the slope of the
roof exceeds 437, no allowance need be made,  On flatter roofs, and
in the absence of strang wind, a constderable thickness of snow may
collect and may remain for several days,

The average weight of fresh show is about 8 1bs, 3 enbic foot, and
on a roof of very flat pitch this might accumulate to a depth of
twa or even three fect,  On the average skate or tiled roof a depth of
one foot s about the maximuom, and an allowancs of § lbs. a foot
super is sufficient.  This alliwance applics equally to battens, rafters,
purlins and frusses.

6. Aflvwanee for Wied Pressure—The pressnce whick can be
exerted by wind has given rise to much discussion in the past, and
fantastic allowances, some even as high as 56 Ibs. to the square foot,
have been applied to structures,

Cwar o poriod of seven years, the highest wind pressures recorded
at the Firth of Forth brdge, on two surfaces, one of 14 square feet,
the other of 300 square feet, were 41 lbs. a sguare foot and 27 1bs. a
square loot respectively. The sarfaces experimented on were
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placed high above the ground, in most exposcd situations, and the
locality is linble to very severe gales,

More recent experiiments give residts which agree closely with one
another and which are expressed by 1he formula —

P=roo3z %, when
P is the prossuce in bz per square foot,
Vods thue velooity in miles per iour,

What in Heaumont's seale Is krnown as a ' Tresh gale ™ cormesponds
to a wind vclocity of 48 miles per hour, whilst a " full gale " hasa
velocity of 67 miles per hour,

These would exert a pressure on a suweface normal to the dircetion
to the wind of 7736 lbs, a square feot and 144 ibs. a square foot
respectively, whilst a burricane of 100 miles an hoor would exert a
pressure of 32 Ibs. a square fooe

Neow in Engiand, buildings are racely placed in very exposed sites
the foree of the wind Is mucl broben by the unevenness of the ground,
by trees, and by the proximity of ofhet houses,

In very esposed sites, special sllowinees should be wade, bat
there 15 no reason why these allowances should he also applied to
buildings in ordinary situations.

Tor w modlerately exposed site it is suggested thai a wind velociy
of 48 miles an hour, witl o pressure of 73 [bs, a square foot, and for
an exposcd site a velocity of G0 miles an hour, with & corresponding
pressure of 114 s, a square faot will be enoggh.

Far a tall chimney, ar otlwer high and iselated structures, a velocity
of 5o miles an hour, and a wind pressure of 208 lbs, a sipuare foot
might be provided for,

All of the furegoing pressures refer 0o a suiface normal to the wined,

For a roof sloping at 1 in 2, the prossare would e 5 of the above,
and for a roof of 1in 1, 935 of the above. For the ordimary piteh of
4 in 7, we may assume that the actual pressure, in an exposed site
will not excesd 87 » rI1}ibs or 10 lbs. a square joot,

4. Summing the foregoing results, and rememberiag that with a
strong wind, there can be neither snow nor workmen on the roof;
und that whoen there 1 snow, af most one of two workmen will get
on the roof o clear it, and that they will not proceed esowed the
eaves until they have cleared as far as they can reach. we arrive
in the last colnmin at the maximom allnvances that appear necessary.,

Weight of

Wind M ncintam
Wl ey, Workmen. Snow. Vresaane. Temparacy
Tramid,
Battens and Common Balters, 25 b 0 25
TMarlins 1z by IO 12

Trusses 7 hJ o 10
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In the case of an ordinary site, not exposed to the full force of the
wined, the allowance for @ truss mielt be further reduced to 8 bs,

B Onr load for purposes of caleulativn, in the case of a rond
consisting of states resting on battens, will then work out as under :—

For Baitens and Rafters,

Weight of slates .. . Blbs, per [t soper.
s . batiens b1, ] y
. . O orufrers . S N
Oceasional load .. v 25 .
Tatul A3 :

For Purlins.

Weight of slates, battens, aml

comimon rafters - & lba, per fL super,
Weight of purlin . T "
Occasional load L. s 12, o
Tatal ... 5 S "

For Trirsses.

Welght of slates, battens, common

rafters, and purlins ., <o 4 lhs per it supoer.
Weight of truss ... e B, y
Oceaslonal lowd L., UV £ R "
Total ... - 25 o o

0. As the streagth of 4 roof is the strongth of its weakest part, it
is belicvedd that a roof design based ow the foregoing allowances will
be no less safe than if the under portinon of (he siructure woers caleula-
ted with @ higher lond allowance, or what commes to the same thing,
with a higher factor of safety.  That such structures can be reduced
much below their ordinary sirength without undue risk has besn
proved during the war,  The presend cost and shortage of malerials
make il necessary that every possible cconomy should be effecicd,
anel it appears well worth considering whether some constderable
peonony iy net be effected by adopting the system that has been
explained at some length in the foreguing pages.

One: warming is however NEOCCESATY .

[f roof frusses are to be calenlated sirictly in accordance with the
loading that will be rmposed, and not for a leading greatly in cxcess,
it s imperative that the design should be o sound one, and that it
should not mmvelve stresses for which no allowance has heen made.
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Reference :s especially made to a very commaon [aunlt in design,
viz,, failure to ensure that the stresses brought to a joint by two or
TS membcm together with any load whether upward or downward,
that is applied at that jeint, should actoally meet at o point,  Oniy
ton Irequently, the stresses are browught together ao eccontrically,
that surprisinely large bending monteants ace aupcnmpn&ed on direct
thimsts and tensions, with the result that stresses are often fwo or
three times as great as they are intended to be, or need be.  With
very little care, such secondary siresses can be almost completely
eliminated and the truss can therelore swstain a moch greater
pruperiy applied loud than if this poing wers neglected.
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THE 11th (FIELIN COMPANY RE AT THE BRICKSTACKS
CUINCHY, ON Gth FEBRUARY, 1uIs.

LEXTRACT FROM Ruporr O 0.0, rite (Flerp) Comeany, RE,

1 campliance with the Lirigade Oreler that ** the 0.C., 11th Company,
will detail two parties to follow the assaulting columns, strength
being left to his diseretion,” the company paraded at 1013 a1
on the 6th Febrnary, 1515, in the neighbourhood of the Keep at
Cuinchy Brickstacks, 50 tounds extra ammnnition having been
jssued to each man. Total strength—4 officers and go Other Ranks.
Tach man carried one pick and shovel and 20 empty sandbags.

The interval before the assault was occupied in accumulating a
stock of sandbags in the Keep.

One section (1 officer and 25 Q.K.) was detailed to report to the
Officer Commanding Coldstream Guards i the Railway Hollow,
and the remainder, under the O.C, assembled at Point A in the
keep, at & sundbag barricade blocking the Grerman trench E.

After the artillery bombardment, as soon as the Irish Guards had
reached the point I, the barricade just referred to was torn down,
and when the assaulting party vacated the trench E and moved
eastwards, the O.C. Company entered the trench, followed by two
sections and gained the two stacks & &, one officer with the 4th
Section was left in reserve at A.

SKETCH PLAM,
Gemman Jrocky
s ¥ = &

—
I a ey
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T Exrension
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Immediately the assaulting troops came to a halt, the FEngineers
were distributed along their line and half-an-hour's hard digging



234 THE ROYAL ENGINEERS JOUKRNAL, TNovEMUER

fallowed, fire being kept up along the line,  An advanced Keep was
also established in the stack C and the communications throughout
were tmproved,

The section in reserve was meanwhile brought up, making several
journeys, carryving and distibueting sandbags to the infantry. By
this time it was possible to move about frecly, and the O.C was
able to adjust the line, taking advantage of all natural features,
connecting up scattercd partics, joining together the two battalions
and finally effeeting a good junction with the Railway Hallow.

Close rifle firc had now ceased and it was possible to walk out to
the front almost up to the German stucks (see Plan). The O.C,
recontudtred the Gemman communications runnoing into the British
ling, and got 2artics to work, blocking sume Ialf-dozen of them with
sanding bacrcades, and shaving down tlie sides of trenclies to the
front, so as to allow as long a straight field of fire down them as
posaible.

The fire trench was now sufficiently established, and the whole of
the company was withdrawn (Jeaving their tools to the infanicy)
and sent to the K E, depit at Cubinchy Tor wire,  Here a stock Lad
been nccurmmbivded some days previously in anticipation of ihis attack.
It was about 4 pom, when wiring commenced, but it soon had to
be discontinued, as o small group of the enemy opened fire from the
stacks which were only aboot eighty vards off.

The wiring party got Dack to cosver, only one sapper having been
hit out at the entanglements.

At dusk the witing was continued and the whole of the front
betwean the hnes of brickstacks was completed.  This was the most
Impartant portion of the hne, as a counter-attack could have been
massed behingd the German stacks unseen.

About o0 vards of frunt was wired, two rows of French roseaux
Brun wire {in places, three rows), reinforced with strands of barbed
wire, being Jaid and picketed down, The following night the re-
mainder of the bme was wired,

The new brigade line was exccllently adapted to the ground and
included the solitary stack I, tlms denving the enemy a likely base
for minieg operations and sniping.

The report of Brigadier-(General Lord Cavan, Commanding the
4th Brigade, slated that 340 vards of wire entanglement, 10 vards
deep, were erccled by the 11ih Field Company, under Major Foulkes,
in broad dayhght, between 230 and 430 pm, and the Divisional
Commander, Major-General Sic H. 5. Hirne, warmly commended the
devated skill of all ranks of the Company in IMvision Onders,



L]
2y

1o, |

CTEL R L B B T LR F.,.m..m.. Joauzag £ rper

oA ET AT 255

TR A% -
’ AarIes tany reediI g YIet r g

43 PATMEERIeD e Cagn dnoan
M . —I -

i e o I TR

T pef s o aag - E r
L]

A T e e I TR Y P T

o Ea]
PES o plary mralk aE At e g ek ez

il

BT ] U FIAIR AT Ut LT

23 ey

-Eangazan; 1o 3 po b oasuseSe aioE Sax age] pemendIoo cww Cimam tdopen
Cowgizun "] [L32d 2eassxn yibol oweses § 2 pas o F Tt og—raey

"anT

TREDH] G 22T CaT DETG TR

TSI a
Tt T A
IOl B A5 L Yan] Y1a oy ol gacit o@os

FoeTi g
P32 TE] PLT omoE 18w 4AF o] a2

TEFAE| P-Y Termss s TSP PEE RS

Fes g 0 TTIEIS NI QAT LC

Sizee-zd 10D CAdumRg
Tem] qfE ton pag meab ot

iy
Rl QAL

(RNt

“ang gk o)

azimly
arm ek o prag =asch oo

AxdErg toa cEg i ok o1

Comesaid 3AT CArITmEg

T TSI DakER £

r g
vy Bl Y1FEF 13

P IR PR LTt |

a7 ey
W L T e O iy I L T

paemeand poa
o - - Py

pa=

" T |..|._H_ ._n..nuu-n.m 1E1
R

FEETRII RaE N

)

WFaiz;

oy
oy

&

T ST Gmam

{

"y

Ll

R Y =
iH
ANE BuzPi T
LU L LR |

a3

0L YT LITLI O P07 12300V TS NOLLYRINTOS O Ol Y3



| Wowiinenig

HOYAL WMOGINEWRE JOITRMNAL,

THIY

-

o vl E T -

[ TIiE ST 0T POLILEE 01w GRSkt UzLE DUE Pt SY1 0 mINE 1Rl pRaseSqo 2 ||E if—wey

T B o I = ) 0y ]

own; peZmawi o) [ReEd 3 f 0 pzeEIS Ay Tiel 10 CEYEUOiTg oD RS AT LS o0 jReSig nany wassayy Ol [eUEg

SHILES I rea-sl oz C3OUEDE reeacd et

EE O canD gult o cany pimg o opiat f o vany Buf ol pleig peses S - ="
TLCTE PUER S

aur| 3k a5 EET a0l S RUCOD “MCe:] = Ll

<epziefansr zwaalasgns aop- £ F 0 CAI QacE 0y g kel o0 o gl o) PR Sef ofor o o ' =

W T = TS et L . =

Gzl @y oo Pty paosastea i Bl TEOUCTES

AWEH [ T 9 mavwe Faweeg LD an3 st rD piol] petef a3 tang oz tofy PR omeot 171 - R B CIE O I

T
AT EASEEH

-
o T14 pue 191 ;o g5bs 5y 2ag oD ."“.._._wmm
LS E o palzaes o pemhig o f acesg o3 mBig g ste 1 o ATRp e s caug eb ot LT PR gi0es Tk [euEs

TR 5, Fag or 2o redsacd 1w monasacos top owad
-0zl | oo CEFpg jaE] TmoemmEadxT we 30 pov o 0ayoc) Bursc Ioz
gy CFamven Capdg HUTT darql g1 poe 3L dpg yaTL ssmznbpzapy a1
TIoECGEEY frEC Rnfu o v5 o CRuried ERg ARl 2 paAT ) L AcEpuy
=ew sexserboeop) € to $rnsseas D L SasELsg Frel wmm [ Culeg
2n0555)0 pUT 0p SepoE paedraed auzoss oearaEScoan Mruan s az sew Uier
savaayf b syl w1 1o po sl bl cssdeq or Aq EonazEia=iion oo
CEM AR TEvER TN YL D¢ ICCA] AuSS; a1 IO E o5 I
T UTANET Sa0sw rs g1 anIetic e pjeng Aasiag] Crdon usmica s
W], CFIeD e otk 7Y TEGT) DACT AsIaEay 00Dy WIThEOR 31 PAULOF
VT Pra1 Sssaesng xastagy ask 531 i game (21 71 g il safsEgR
) P AN FToiT sT1aTErey s e P ouT o E it oagr—anany
Sagm-ad a0 CaouweLg sieaand manl)

C i e e e o el oo e T i T — ¥
T T FTIO E S boe ey T Al 1EFin OGS iy iger 5 8 -

MGBC U DDA E13 9N plei LiglE ooz “agT qagt ton ey mElF oo oo e - " T

..._..h...m.um“_u‘._.um“duu..m ...—.m...m ...p_ﬂ.H
T VAR A oD ERELY EASF Y oy mwwb el L pillF 't tang gipF ol gprg okl g o oI EMT 1o
O H

UL Ry

ssurC malLumkany SIS PR oaksang A AE LS o L A TR |

IO RMEIMATE 2L CRIB CLEINAY ZEN1S NCLLYZINTOAGER A0 TTH



L]

IRGANEAATLION.

KK, T, RE

LI |

AL UHE o wErEey)
eI pu au] it a5 Rl LU
Ty trefaafag ooz oag -
..n_nnﬂuﬁwhuﬁ i ] ._u_.mmh u.me;uﬁ

cnoroy zmasitg eyl SLEL ‘ozis
IR R TERE AR droaay
1 T = nEsay T s

FAUsTE: T
O S il | P Pl o TN T Wi

F il A=W i The IS i Y e Y AR S g
ARIFEI] ST WO i et nfaTy oo _ a1y yakik ;=
F AIEER s PR - PRIAAL0 ) R T o 00 B TR,

1Ay b m.:ﬂ TrO'17 pTE gAML 101 EE mcp...".m_ N
—uma) e Sz ouw o f 1t oeyl!  pepumgnpdciag | p1eg ptsF aic

mricta®untar e tol Pz ooz

srafocd M pmCpessT 00 fEETS
VAT 10 DT eyl e pEpue]sd

T 0 Tl et Y L0 [ THC N
TV ey LS w01 meSaga o %

LI R I
F=¥]Pp Loy oo " A Hm.—.m ERNE o) H_._..m H ﬂ.-.n-._._.ﬂ.._rh...lrmh..urWh Il.hm—.l.—h_._.\m u..u.u_”
13 R Cp 2y toef o smifagq oz cEmgsul) "I e
EaZASNT i P 01 SRreoaead oy - dnodayosg sew foncd sy Q18T Joasds
TPV RN P13 EanaEmg u:nhn_ CHEame]y WS M1 PICIN; 03 B
ERE o S | [ Lo ol S s PR 11 A | TR et T /Y T Bl B Y + Ty T
15l szEcg G ton PIAS sasossy gqresb o scelsc U puw Tf .H..—. MT

war, pef psmrede 2iow 823
00 2| g AR T pHEleE| sy

a1 T TIE JTMIIER]SIP  peIEisIn)
“HER sfSoE.cr R Al TR aFnE

peoueqRp S eR Pl isb LT
) ) LI A
CF 2oy SEET siFaqg ar goten to
axs prpueqsrp EEaq gt o F adsEg g gt an A guesk1n
o T oAy U] e SRR
BBz RV IMadd 3L FI0L LS 00Y 3

i
P

2]

“Idies g
Y 'y (R w | LB v TR =it 1 1 o

R |
CAGT Y3 "9 [IE4 yietF oo

"PECET a0 |BUSLE Al g1kt 1o

Rrady

NUETEES LA Ty

lErZogioe g1 ton TRz asms papoeg
-ap Buzd G} PR watst ta
wlvag
Al YFE€ e gEnf yitsF oz
E TR |
tamf puz o Py wefsk oae

AOM] 152 DRI

1

oo PREL LR
TH

TLIF SEQaNDC) SRR

o} |zadig

oy H.ﬁ._.m.w_h-n\ 1T L] _”.mu._.nwr”ﬂ

Itew-zud zas1

LB LTE N
B
T T E e
sa Pl prusiziayy

g

'S iL3q s

EEM LY Aelr

ROLLVZINYOg0dy "d'1 "1'd



| NovemBie

INEILRS JOURNALL

KM

WOV AL

THIE

L]

AT e

ATES] - 0D PRl pasTE fF
L

o Erg ESE SIRE Joosfh s [ s
CALES ot paFiac o ErRig o b
LT naSur aoe

a3 LR 2uIxay] poT A 9 U
..“w-l..m._..uﬁn IZUMs =0 217171
oitoeyi o et cmdsg as 2

TIPTRIEYD Po wETI]) E CTH
VEEIIRE AN TIF PTE 151 3014

PAINLELETE 12nnendzyd D0 £0 S
Jﬂl.ﬂdn‘w_ _Hum.._w.H e ..nh.m: ‘ozkz

—e TTe Terhr T
[ s s

B | mnn.hb WOTET 31 P

TON PMI BAII] O (CFICT pus
e VEAER LI o LR B IR DRI i i
L) BT FAsEEA] ] ]
=i G1E Fq1 pALey CEsCy [anT

copany 1saig Sz opue ©F '0F G,

12 Ergopome SAET pa ctRY 5 L%
TFESS CIU PASLIW Cen |TAEIR ]

N k- = ) ekl g ) BT R Ly
I pal ciEsasg
1N

‘e AR A
cail ERETOvan pons quest Lz

s o e Ay Gl

S pef Az of

THIPT  AeIEIT  Tirw Eﬁﬁm,lu.m.ﬂﬂ
b HL A

tanl Gt o pmg ytcf oot
sSmery

I ore ea o s TR AT .ﬂl.-l..-‘-
pfl pus pued Ll Smryt On fong
&C) TEOIME 'Oy |RRSLS I YEa

R L1 § B D o T T g T o P

W) P 2asEay it patk el vy

AL P rsEany

g
oo g il f

)
%
L=

g

FEEI] 0 SIS Cang Jets oz

L] Ty :me

£ T CLTrE Cammeazd poac Do
- eI "~ -

AL

ALY MERr YO0 PRI qIerd T I

THARE: §
A e oD PISLL sl ror

00 jERE AT 92T L L

Coewmean] oy 15TEHA10 g
Cessay qeax el FE pAchE O
WET ST e g

REYIESTL 0L TeST IROAY TANIS NOILYITAYSMO3E ST A

cazeeasd ot
oen pAIE
a2 T e Eay

o reomg b
e
TIHF ARENY EME
o7 rendrs
BT i L by IS L5 B o Tl TR B
[zew-azd qoa:
B o B
R
TEE IFuE] ]
oy g
TANE SSILEA0T: AEH B |eufix

o



AMIAATION.

PR

17, T

R.F.,

1914 ]

o Bl R Sl [ C it I
HEEE L siEug or g
FAZApI0 JCAnpregTg o T Eomg S - . - G0
Ay pEblomouw
Cile £ %5 ' arzelg . : - - festrmacd JwoH gisha v qoEn L]
o rzmboga SELaE (RuiIg T ST 0l
Egit ae b -133 AL T P4 ZEiEmas
21 "% o peEtuegagy - : ! : - Mg L ok | T ) EF T ol ns
' ' ! yraka i 18 pEz cf1hl ‘a4 Mt
P T LEe N i L D S B
' ' Jqatta ' DRI SOO1AT.21Fa] . PuE | ong
. - ' ) ekt : £2F koo e TOY | GF
b nhun.m—.n.ﬂ - - N - - et bz - e cfgriEl waT sg Rt
£ prshue Yk o | " ' " . 't _uu.lu.udHu_ﬂ!.n:f serta . l 53 sy 30 Sudmans aapan ==
WL3Te [ ESEDUB)aT 2101 3 e 2y rigs ssEag b Aq oo pjang JpaEear s jaolg pasgurar-3y 4 Doundy aodas $3T0) SRR 11

—l TEIfE TUS T ;e TinT T Fle IO g - [ PR =, TR ] Ln b L e R Rl e W T et
STERD TR PR TH TN R M TR I TENS TEROISTALES

TEaT FIET

125005 3] 3 SIS [PIE0S
BGi Aiae 5T AT dUUNR _.n,m.u.tnm
1s2u tagy s wem-ad o
Tl imEY _.h...u 1 ApeFoder may

e ckrjoooe iy RS

T pForTesp BT loo tgor e bz fer rroTioe s

2041 0 S oo PR GLeo oo sk o} eusg
1YV RES LSS e pREIsant TICAEY UL EMELS AN Yo T T aaaw] ol pefig A yast zr cjayy wepTal poe con JaiEig

T LA Sepas |
158 10 AU pLr 855 CMIEFLSEAICA
zalllasg 10 SLELdE S0 L R

sarzexy dTEsf DORTUT BRI pATUSE § T pat sy =disz ima-nsd jos

_m...mH.u. I Il TR OIS 2330 0D DAL SAEAEnT o DerRWESTEIV AT MR E] Mg gitrt g@o oo - . CLi

S TR EET AAEESE TpncT

PUT! BITET AC: DELII S0 PA avieLy

coproy pit cEpme FECCF acy ) odsESg o[ uied e pjmg csreS otz tayp cuii oo pmryojqaget B )y Mg b
BB o [l (= T e il 1=K | RN R Qe g U I TR

A1 CIAVIAESI O T8 CISTAY HIATS XOIIVEINVARSTY TI4I T



[Novemeix

ENGINENRE JOURNALL

BLFY A

THE

a0

-

DN ey m__vm_.. rd. r.uuw

SCT ANTEATEEnS %I oMo

gl B2 €1 L &C oa ...a..J..m.

T OAICEL UL wwOys! “iqFiss S=g3l

FiEtl T:n u_.uu_ﬁmu_.ﬁh.m.m_ﬁ. ;n..m-wn.uﬁn_... Trrarop gyl Fea! Al qiny an
CPANAE 3TN peE D enadueg SALUST PLSIT] i FaSTRI 1T ERIcy, B @IOIE DRLIAATO0 B JlaLy 515 LT

”llﬁl
’
&=
T

t

e

,m T

.D
d
[

7 A 0D 0o yEinGompg e G
cHY Al ol =uws zamea
oar ‘s1zaga T 10 CRss pETLGEes T
PeICER B0 22ad TOF PUE ©31 91 TR
T oEmrEER Tl U o uonERioedsaaz oL DIl
R T LY I v [ B ety e SE o aT [ ity C1zfoszBey oo

1 v )
pacacy aug) pE O CEIBCT 0 0D TEad Il BIELg T T o) F=A1R] 28] QLo T OP3E T Y i I T BT 1 T 5T

-
-

TErRracEhr eI Al
"..nh.nn“H..um_ TRIpRD G PAIPAY
SEY LY Salosd] i AT

1o _. r u_ ¥ FrstrsSogex
T ULy oasriErs Yud oLn paELE
L e [ng [ Y1 S22 Ty [

¥

o

'EE:
.-..8
[

’-%
:

oA

nmmmeEiEc® T 233w o il
10w Fegw S0 otan Ty o =

poTmEy ol passfimp oum ogria

12 e LTV RO RN Aty nT......u

LEN IS mer AT EARL PATIEEIET <

pae T F T E iln. peELAI0 TEw 11 ZaieT

T oI Uioy Mol dd My

G e S I VEDROTE 10 Y.

Qe T ST OLELIF SIGeC) wo ) p g FEGl A0 Doy PISL[ 0L wdnsianuedy dco

] =i podn] aum) pof FRCINELRA DI PR 0T Iy 0D PR MASfIag: SineT [ or R S o T i DR LY

i

"y
v
[

PELLIE FTL TU

| =1 -
R R1oerssEog o muﬁ
Rplacy pue . .v.H Y i .ua.wu_
) o OOy orairy —"‘.._.HMM xR T
peezoa el ciscaf mEuy S aeeccs

...._x_ o < ; TRLLEE
L L | R e T | ﬁ..,. Fiseg =0z .;..u_ Der CELRY 00 [ SApie [ rea-anliy M | S .\H.\.._” L -
Ca TADOL PEITSOUED TRV OESEUNT, okl D s N T i L I B v SR VI e Tl = T P S T B o'

R T e | ol
e T BTl

...r..u 2 Ha Rty .nmr.f.ﬁh.m.”_d..... e T E 0 T L St S T LR S I T ERIP Y FD AL
ST AN ETRareny

o] 18 qEEaly iimg JEp-aag

Pewsnn sur (I on -puTgsig

wnoT il slEsaag AR Tl W e T
BISLCTHTATTIS L Y IS0y JaKIS OEIYFINVSEaTA Ca71

1l
4



a1

R.E., I, REOQRGANTZATIVN,

ujn}.li

ol £ nEE..u.t T s E
u.u..ﬂ..dﬂ ~psem 0] 1108 AT A:Hi..”E._n.

R YT A H D ._.,.mnh Lag o] FlHg

B oL T LR [ TLA Lo wHI s FRES R LA 3 -5 T v e B HEY S
‘1 7 CET arIElg Or 174m PEE

o TuED e Lof PRSI $2m 0]
ookt an: =y NEglS cwrey o dn maqosg
sEn ..:_H gryry pEEL o sSEL Clr1 R
ity .-.._mu“H.m_ E1 -] 1Y
PRz AL o) A e T 5
X0 sem T 5 I .u:ut. a0g e RS
B 0oL paased FENY, 6] PRo1 IR LT

T
-
=}

i

Termuaf fuT o

“._m_.nwuu.n..“._.m.uu..nmkmﬂ.w-nm
Fats 22T o 26D PRELTICOE SR SR 00 5]
‘doy ETxpe Bes ang 1505 3 U LB
wafh B2 qimy AR CSH 1Rl 26 0]

pemuty AT 6 ELiLg TOws R Ie o A HAYSEE BT

. 2

I

parmcg ame paf gy ovs 9w (weesesal mbes F

Cpauiza; S| pok oy - T [y =T

il - I L Ry

Al paE o]

"y
"
"l

LY i

[Ia]
]
o
o

LY

\
‘-.:'.l

o Ly seneT GiEEE B

500 FEIG poe rdrg g
P ITE Sma 9 I9Ed Y T OPTE T
B0y €8 PRETERA0AT 36 M BT ...m.ﬁ.m_wu
3 smwed TT PRSI I LD OTCLONA
JamEtep TR sEM O Sm10g [T
QEno poe 1SEag. GITED REL— AN

rafaw fiztosiager 3y sy
a7 W usegsTean’ 1715 T

AR =R T [

rgitowi fI=foaaSay iz gy suT
0o FRaELATT 5383300 X115 T @ PUE 15

ol g ol
30 glayey frriTaiSoy s A:pomay

a
4o S0 BFAINInG (]l puIat puT s

1IEE AT CLID FRRQLTEGE alawn \n.n [
LA N B A O - BT

b L IR LR e ]

S T

oA

T Fex

- Uy oy [Ty uedacwecny

Y]

10 a3 1 08 AsysouT T

aEmeazl ma

..HH < “ons = M

Jesm-azd By

an

.Hi....._ﬂ.:n
- " .

T3 e

B e R arnm.._ﬁd,nm 10813

7y I eaag

RO LAY 15EAs Ol 18D C1S190% TIKIE XOIIVZINYSE0dE 31 TA™



[NuynmsEr

THE ROYAL LNGINICRES JOURNATL.

J32

OO qIce 1 T Law Ee

IALITT

UC EOLLEETTUeS ZAES5 61

a1 nqg

etd

R [

? 1 .Nmrm_ o oA7 prrsddie

H:.uLJn_..u_m.msH eS8 PIEZUT T

-TalEAg PISL] =0l .E _.m,wn...._onu Tz

Bpzap L 5o meiien
ST SEAL A1 20 1TsWgED
EEncEAi S

.,.,uu_ -pm..ﬂ_“ﬁq. uw u..vh:

CFARRIGST P B,
H

.au
VRO M ST TR O TuJJ [ FEE
TR PERoECRE pow 'S L ST paLLrof
s AL S .q.n..q...n. FE onp
. ﬁ...n_h.._;nm Spm um M.u:_ TTEY WD wCL

A jiE jo fpen gmalel ue 3 a22 W
n seosdor L parvmedsed asg | pEEE ..ﬂm.n.m— L I

S ITCLEY | aws] lerakls o e Foresy

SEA e E o

o o e GrE suy os iTAEmy T TR

e 1 ﬂ:.m A FTaL FU® UCSoOr; ai R h_..r.uo._uu|m; -_“r._y.w.__ Ty M ﬂ.FE..u_Eu,..u_u Sma] Haedcaiad 2an
oy F1 AL CET T oI 1ifnrTo Ao peecclde sz rrE smap | ar ot sT papumGEP BST 0007 R pAaEse;
IO WSWENGEIRSS 01 ENURS JAG0 oo Cstscmd 1 30 sSesis Uy

RN S T o
sy Ay Lup SIEls

1o

i
CECIC O B0 Bepi ol e ¢
R il

(B R 0 R L

¥l TaRE PR CLILIT O
oY

b BTt Il e | e |

Pazm H,m_.“# ".H.m ER TR Y Y wFoax
R

Tsl1 7R oA page o 5T UL pIOICE]E OFRL 1D CEOTY PRI
_..“JLm H_u..:us._ e b s g i T PV TR S [ nb_.dunrﬂ\mh_bf awp  ea FoEz

0| TET A crtl-mETy o
=

. H““. 1Ty -
| IGRTEOITES AL T O] F3iEa| e [ I
T

T34 ._.

- L
ke

= _

2 an.F.F 3? ,.Ii1 fIRITRSLIN
B LU B -_n\.np.;ﬁ WAL pRIIE

nu.n :

peuezap FOf et Sl ey For oy SEmocoty sES@n 0T gmaczil gos B0 - e -
i _.m.m.m R0 T - ..L..m.mu peil EOnREETRE N S = i AEURE R I EL oy
TESHILY Sul T o mnoT) e ol boogiee peEnai BIDEEY Pfon dee-aid o 1or pue b cEoT =

“pALSICE AT Pt o
[FH ol T LM S TN ]

LI IR TSl Tt - e BT m” posbonig ey B10E sEaT of ool
Tl CInr Y am peFis Loty dadEpy DCooIEg UC1m EoropuE DO T iEAy T Eox CREINmED

Ao 1R sEsAy Tl h Ry -ty

AHTIMAT 0L CFT CIE191Y TS KOILTYSINYSM0TE TSI TAaE



151] : 233

PLANE TABLES AXND FIELD SHEETS.
Bv BT. LT.-Con, 4. 51. J. L. WINTERBOTHAM, C.M.G, D50, RE.

In Awgust, 1914, there appeared in the R.E. fowrnal an interesting
paper on the subject of mounting drawing paper on plane tables, by
Lieut.-Colomel ithen Captainy K. H. Fhillinore, 1.5.0., RE. The
distertion of the * ficld section ™ or " ficld sheet ™ due to changes
of humidity and temperature, has been a thor in the side: ol the
topographer for muny years, neither does there appear to be any
means of eliminating it as long as the field sheet is of paper, or Bristol
board, tnounted upon a wooden beard.  Some pupers give much
better results than others. Messrs, Mallandain & Co., King's House,
King Strect, London, E.C., supplied, before the war, a linen backed
paper which has been found to give fairly satisfictory results,  Dis-
tortion is due, however, not only to the paper, but to the unegual
absorption of moisture by (he paste, and to differences of expansion
in the wood, with and against the grain.

The solution of the problem given by Lieut-Colone]l K. H.
Phillimore, is ingenious, and the results of his experience will be
mast interesting.

An adaptation of the same idea was tried during a topographical
trainivg on the Ordnatce Survey in 1913, Lristol boards slightly
sinaller in area than the plane table were attached by corner clips
which were kept loose enough to allow free play for expansion except
wlhen the plane tabler was actually at work. This system was found
to answer fairly well, despite a few cases of ** cockling,” and made
possible the transfer of the Bristol board from the topographers’
board to that of the reviser,

In a systematic topographical survey the possihilivy of transferring
2 field shect from one board to another is a great advantage, for it
rendars untiecessary the number of boards which must otherwise
be carried, and cnables the plotting of the trig. points to be doneas
Jong before the detail as may be expedient.

Firistol boards, however, although they gencrally show ne distor-
tion, if they are free to move, yet do expand. Tor reproduction
this would not be serious, bt for the comparisen of mutual edges it
remajns a drawback. Morcover a Bristol board increases the
wefght,  In view of these two objecfions, experiments were made in
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1512 with linen backed paper mounted on alumininm or zine, The
co-efficients of expansion of hoth these metals are so stnall as to be |
negligible for any ordinary range of temperature,

The peints which were aimed at in the production of & moeunted
field sheet were :— '

1. Elimination of distortion.

2. Permanency-—so that the finished field sheet should constitode
a relinble record of the work done,

3. Adaptability to any of the special plane tables designed forit,

4. Lightness.

The two metals have about equal claims onder 1, 2, and 3, but
alumininm is mueh the Jighter and its alightly larper cost 1s negligible
in comparisen to the value of the finkshed feld sheet.  Aluminium
wis thercfore chasen, [t was at fitst thought that the actual held
work could be done upon a grained alurmimiom plate, and the experi-
ment was trizd.  Allhovgh not zltogethor unsuccessful the expern-
ment proved that an aluminium surface is undesirable for the
following reasons ;—

1. It is too casily destroved by dirt and by friction, and will
net stand muck erisere.

- It becomes urdeasantly hot in warm weather.

3. It is not casily secured to the table.

3]

Paper can be secored firmly to grained aluminiom and the com-
bination remains sensibly constant for normal ranges of temperature,
The next experimental beld sheet was therefore made of paper pasted
or glted to aluminium, but it was found that the edges corled up
encugh to interfere with the sight rule,

It became necessary, thercfore, to strain the ficld sheet down apon
the table by springs, or lashings, and this was simplified by fixing
linen on the aluminium with ovetlaps projecting beyvond all four
edges.  The paper was then mounted on the top of the linen. Field
sheets so constructed have proved satisfactory.

The weight of this fickl shect is about 1 th. more than that of linen-
backed paper of sifficient size to mount the board,  In some surveys
this extea 1 1h. would be a handicap, and it secmed posside to save
it in the weight of the bourd,  Aluminium (of 30 gauge) supported
at small intervals on wooden battens, 1z suthciently sUfl to bear the
welghts of e alidade and Indian clinowmeter, and the pressure of
hand and peneil. A skeleton board was therelore made, and prosved
to answer very well. It is described on page 110 of the " Text Book
of Topographical Surveving.”

The first design was samewhat too elaborate, however, and during
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the first trainings of 114 experiments were made to ind a simpler
pattern.  That which proved most satisfactory is described below,

The ficld <Beeet is Taid on the bodsd remly for Axing and the board s viewcd from
I Tow,
AN Staps of alunoninm magnted ol the eldge of the overlaps of Tenen 2l with
holes al intereals 1o fie
Liis. Tined hoolks
C.a Spring honkos

} fixed in the depth of Lhe sczntiiong of the skeleton top,

Thé weight of this board mounted with an aluminium field shieet
is comipared with those of a board mounted with linen-backed paper,
and a Bristol board, respectively, in the following table .—

Desception, size z4in, by 130, Tolal Weight,
Mew board and aluminiom field sheet . 4 1B, 71 azs,
Plane table, R.E.—board with linen-backed
paper . . . . ‘- . 410, 121 o075,
Plane table, B.E.—board with Bristal board 51k, of oz

At the outbreak of war there were only two hoards Nitted for the
new field sheets,  Bix move of o mach larger stze (30in. by 240}
were ordered at gnee, and the whole eight were taken to France by
the 15t Ranging Section, R.IE.

Thty proved exceedingly valuable.  The original field sheeds were
used again and again, cach successive tagk, finished in pencil, being
riubbed put as soon as it had been traced or photographed,

During the war it wasmy good fortune to seo sometlmg of American
methods of plane tabling, Theyv difier a good deal from our own,
and we had much to learm from cach other.

Their field sheets were of a species of grained celluloid, which was
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evidently a first-class serface to work upon. The celloloid wus
clamped to the board by six saucershaped screws which forced the
celluloid into corresponding cups i the wooden table.  The screw
i popularly Enown as the * blow and be damned " and well deserves
its name, for it holds the celluloid securely in any wind, whilst offering
no obstacle to the sight rule.

We made somc experiments on similar lines and sconred fair results,
but we found that celluloid expands and cuntracts and “ cockles ™ a
good deal in changeable weather. There is little doubt that the
aluminiurn and paper fiekl sheet is prefevable,

The pattern of board described ahove can he fitted to the legs now
in use for the ' pline table, R

There are, however, no arrangemaents for a slow motion in azimoth
on these legs.  Tndeed the feeling of many topographers is averse to
the introduction of anything in the nature of a * gadget.”  In those
countries where most of our plane table work is done breakdowns may
be fatal. FEaiperiment has proved, however, that a simple but
ingenious arrangerent can be fitted to the existing pattern of legs
which provides a slow motion, thrown in or ont of action by a cam,
and detachasle at will 1t was tried in 1914 and unanimously
approved of. -

Another small maodilication which proved valuable was the iniro-
duction of one collapsible leg for each table. ‘They are quite stiff
when clamped, add little to the weight, and enable the table to be
levelled on steep ground without undue splay of the legs.  As each
leg is detachuble and is generally packed separate frem the * top
the inclusion of 4 small number of legs of this pattern in the suevey
putht will not noecessitate their use if found undesirable, but will
provide for o probable want,

It nccasionally happens that topographical work is bazed opon a
graphic trangulation, or that the two are done concurrently.  The
impantance for graphic trianpulation of a field sheet which will
maintain its size, nat only relatively, but also absolotely, is self-
evident. Faor work of this nature a special plane table has been tried
withii hoard of 24 in. square, The field sheet and board are designed
on the same principle as deseribed above, bot made stronger to sup-
port the additional weight of the feloscopic alidade.  The board s
levelled by a lall and socket joint made of ascomin.

There has heen little opportunity, so far, of testing the merits of
this boanl. It has been wsed for one training only, but was very
favourably reported om at that timi

In the follraring tahle the tiin, by 24in. board designed for a paper-
covered alumininm field sheet is called Type ™ A" The tripod with
slow motion in azimuth and one collapsible leg is called Type " A ™
tripod.
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The larger plane table, 24 in. by 24 in., with ball and socket joint
is called Type *B."

Tuble of Relafive Weiphis and Prices,

N.B.—The prices quoted herein are pre-war prices, and will not
apply now.

Bescrption of Table, erc, Wiedpht. Frice, Hemarks.
ths, a3,
Plane table, L. E.—<complete e 128 L2 8 a0 Priced vocabulary
fwithont caver). of stores, Part T
Type *&" board with triped o 7} £3 0 o] .
of plane table, R.E, £z 17 6 |Aocording to
. quantity qunoted,
Type “A' board and Type I £3 15 o by Messes,
<A tripod lega, £3 12 6 Watts & Cuo,
\ 123, Camberwell
Type* B"” board und tripoed. 12 {5 12 o R-:i‘lf] T ondu,
£5 7 6] '
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REVIEW.

FPEREMANENT WAY IHANDBOOK, By Caprr. 5. L. CLavton, C.E.
{late R.E).  (Spon, Lid.).

Une ia sorewhot misled by the title of this handbuok which deals
almost exclusively with the practice on Indian Kailways and reflects
the views of Indian Railway Rngineers rather than a general cansensus
of opinion.  To illustrate this one need only quote one vsample =—
The anthor states that * erossinpgs Indle of steet rail are superior to any
form of cast or box crossing,” o view that the vast majority of American
rallways, and nok a few British rallways, woold coutest, if they did not
refute. A nember of usefnl formulz wre given for special work, junc-
tions, ete., and some short notes on temporary bridges, painting, brick-
work and water supplics,

In the Prefuce the author suggests thai the book should be useful to
Permancent Way Engincers and Inspectors-—but in order to make it
guitable for use by the lormer, a particalar point should be made of
distinctly lalelhing approximale formulae as such.  The formula given
o pp. 34—335 3% an example, where under certaln circumstunces a very
constderable accumulated error will be produced on a long curve. Inci-
dentally the diagram illustrating this method shouwld he re-drawn in
accordance with the letier-press.  There i3 some discrepancy in the
figures given for uxpamsion gaps ut rail ends for 30-ft. raills—odde jin,
on page o, and Fin. on page 23.

I the bool is to be of general utility I would be advizalile to wdd a
glossary of terms, for the engineer who works with flanged rail might
be puzzled at the note that ™ the nose of the switch rails should be
neatly housed under the Hange (s} of the stock-rail.”

Speaking browdly, the book shoulld be of value to P.W. Inspeclors in
the country where the practice quoted in it obtains, bot very considerable
revision and widemng of its views wounld be necessary befors it conld be
claimed to be of pencral utility.

H. N. CotteriLL, Capf.,, R.E.
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BOOKS ON ENGINEERING,

THE following is a list of books which are recommended to officers who
wish to improve their knowledge in various branches of engineering.

The list is not complete, hue will be repablished with additions and
amendments trom time to time,

Should an officer require inforimation on any subject not included in
these lists, he should write direct ta the Chiel Instructor in Constroction,
S.M_E. Chatham, stating as fully as nccessary what his requirements are,
anid every endeavour will be made to supply or procure the information,

1. ARPLIELDY MLECIIANMICS.
WoTES of ATPLIED Mecuarios,  (Printed at the 23 ED.

THE STREFGTIL AN3 ELasilotey oF STRUCTURAL MEwsers —Hy L ). Wouls,
Bl Tnstt’ 1. Publighed by Helward Arootd, London.  2nd editioon; o ovol. ;) Sve.
1, 1o,

Chapter 1o—Graphic Sratics.  [L—Stress aned Strain, I --3tress-Strain Dia-
prams, Working Seress, Hesilionee. 1V —Compoond  Stresses. V. —Liending
Woments and Shearing Vorves, VI, --Moments of Inertia. VIE—Cirders, VIHL.—
Nefoctions.  a—-Comboed Stress, Xon-Axind Stresy, Stress at a Flane joint,
Mosonry Steuctures, X —Colwmns and Seeats, RL—Hiveted  Jomts, XK0L—
Contigmss Girders. XTI —Canéilever Bridges, Svspenzion Bodges, Arched Rils.
KIV.—Tresion.

Thig Lol was ariginally writter a5 & seties of levtures tor students at the Royal
Indin Eugineeting Coliege, Cooper's Hill. Tt is & clearly writtsn clementacy text
bk,

Tuwr THEORY oF STRUCTURES,—y K. I Woods, 3LInstC.E,  DPubilishad by
Falwaed Aroaold, London.  1wvel 2 8 voo ) 1o LG,

Chapter L —Compound  and  Prineipal Stresses,  [L—Earth Prossure, I -
GSirpsacs clue to Eocantric Loads. 1V, —Waorking Stoessus, Saresses in Girders with
Parallel Chords Ly Method of Co-efictenta. ¥ —Gicders wilh Parallel Chords,
Conetal Method, VI -FParazbolic Girders. YIL- -Conved Gicders, net Parabolic,
VT, Aind Fressure, Portal DBowing, Hegh Sleel Trostlos.  IX —Continnows
fGinlevs.  Mo—Cantilover  Ginters,  Sospainsion and  Stiffening Gieders. WL—
Krveled  Jedonts, XIL—ate {dcders.  XIII —Colunas and  Strats. XIV. —
arched Rile and Fraced Arches. XV - -Reieforeed Concoete.

Thip valume is a cantinuatior of © The Strength gl Hlasticity of Structural
Moembers,” by the same anthor, U contaims several worked out axamples bat ne
drawings of actnal wark.

Tag Ineoky axD Mesw:s 0F SiRCCITRES,—RBY 1L 5, Anddrews, Lectwrer at the
Coblsmiths College, W Cross. Pabbsled by Chapoan §& Hall, Landdon, 1 vol.
B ova. s tgoB. o)

Clhaplet L—Stress, Steain, aml Mlasticity,  TL—Principles of Thesign. Wocliag
Strews, Wingl  Pressure,  JTT.—Fooces,  Areas, Momeots. [V, --Riveled Joinks
Vo—Hesding  Blonwents and Shearing Forces, ¥1—Stressos i Beams, VL.
Fordlamy  Liads. VT —Urefection. 15 —Leged el Contiuwons Heams, Xo—
shoasdig Seress in Teams, NL—Framed Siraetores. XL —olumns and Stoaes,
ML -Buspension edges and Arches. XTIV, - Masonry Strectures. XY.—Hen-
forced Conurote.  BY[o--Dusipn of Steelwork o Boillimgs,  XVIT- -Thesign of
et XNYTIT.-—1Frsiga of Bridges anwk Cacders.

Thig Lol oovers the wsual college cogrse, and is peml of its kiwd, Dat only teuches
Bghily wm apaeskions of desige. Thee diagzins and gonsral presentatimb an puntl.

Arprarn MECHAMICS —Emboacing the Steongth and Elasticity of Matenials, Theor
and Dhesign of Stepetoees, Theory of Machines ard Hydraolica, By In A Low, 3.0
Mech, |, Frofessor of Engineering, Exst London College.  Tubliabed by Longaans,
Crac o Co,, Londee. [yel ) S woo ) gri. 7o



Chapter L—Preliminary, 11 —Motion ami Foeee, TIL—Werk and  Eoergy.
IV —Polygon of Forces,  V.—Moements soul Centronds,  V1—Simple Straies and
Stresses. VI Beams and Bendiog,  VIL--Defection. IR, Compauml Strains
and  Strosass, W, Oelwmns and Stents. XL —lichaviour of  AMaterdals in the
Teating Machine. XII —%tress Diaprams. X0-- Design of Hoofs.  XIV.—De
sigy of Elate & onders, NV, -Design of TBracad Girders,  XVI-XXVIL—Theory of
Mackines, XX IT—Hydrostatics.  KXNVIIL-XXN XL Hydeanlies.

Only a particn ol this ook is devoted to structacal inechanica, This covers the
ordinery collepy coure. There are Whnee claplors on design, inclotding werload ont
cummplesn of plate aud braced gitders, with detailed Jrawings.  The bovk mokes &
featare of exerc.ses, of which there are 75010 21l

CGRAralcs akn STeeeTURar DEsigy. —By FLD Hess, M. Amer, 50.F,, 'ifessor
of letluinn Design, Corell University ; futoeetly Lesigner and Compiles ik the
Americon Bridge Company,  Pallished by Wiley s Sons, New Yok (Chapman &
ITall, Tomuden]. 1 ovol & v, ond wlitden, Do, 8300,

Chapter  T—Materials, 1L—tGraphics, Ill.—3kresses i Structures. IV.—
Algebraie  Dretrmination  of  Stresses, Vee—influenecr Thagrans, VI - Tension
Pieces, Compréssion  LMeces, and  DBrams.  vVi1L—Columns, VI —firders  for
Convevors. X ——Troges, Heats, and Towers. X —1tesipn of Stee] 20U Buildings,
Rlo—lresipe of & Plate {rder Hailway Lridge. X1—Crowe Trames, XIIT—
Giieders Bar iverheul Electric Trveelling Cranes. XIV.—Reinforeemd  Conceere.
RV —FPoundidions, XV -Chimaeys. XVIT.—NRetaining Walls. XY 11— Hins,
Mk —Shop Toars, XX --Walls and IEoafs, NXL Spwcificationg. XX1L—
Croblems,

. MATHEMATICS.

Cateties FoR Fsuimerms.— Hy Prof. Peeoy. Pablished by Edwand Arnall. 7i6

A roost wseful and teresting book, giving prozressive examples of the practical
application of the Calewlus to Enginecrng and Electrical prollens.

Unlike mose other treatizes on the Calentug, this ook 13 essentially practical from
bepinning bt ond.

STRENGTH OF MATERLALS

Tir STREKGTU oF MATERIALS, —Dv [, A Lwing, F.RRS, M Iast CE., vte. Camn-
bridges LUniverzily Tress,

Chapler I.—5tress and Strain. IF —Relation between the Elastic Constants.
III. —UHtbnate Streneth amd Xon-elastic Strain. V. —losting of Materala, vV, .~
Uniform and  niformly Varsing Pistribmtions of Stross,  YVE—-50enas o Beaons,
Vil---Idcflecticn of Boams. VIUL.—Frames. IM, —Strats and Columos. X.—
Tormien of Shafts, XKI—8hells aod Thick Cylaters.  X1L— langing Chaing amd
Arched Ribs

SIRENGTI OF YIATERTAL3.—~Ey Atthor Morley, ALL dlech, E,, formecly Professar
af dechanecsl Erginecrving in Daiversity College, Nottingban, Published by Long-
tans, Green & {0, Londen, T wol ) & ven ogrd eelition; g1y, 700

Chaptor [L—Llastic Stress and St HL—Mlechanical Properries of Aletals.
ITI. —Ifesileence and Fluctpating Stress.  1V.—Theory of Beoding, Vo Stresses
in Beams  VI-—LDeflection of Beamso VIG--1-in and Ceatinaens Leams,
YITL—Sceondaty Eflccts of Boendipg, 11X~ IhHrect and Beoding Stresses, X —
Twisting, AT.—lhpes, Ceylinders, and Dizes, XTE-—Bemxling of Cureed HBHars.
KIII.—Ftat Plates, KTV —Vilzatwns and Critical Spesls. XY —Testing Machines,
Apparatws. and Mlethods. XYL —Sperial Testz.  XYI1—%peoial detenals

THE ErasTiorry awhn HRESISTANCE OF 1M MATEHIALS OF LrmsiBEueso.—y
W_ El. Burr, T, FProfessor of Civil Eneincoring, Colimlia University, New York,
Publisled by YWiley & Soms, New York {Chapman o Hall, Lendon). v wall; & ol
Zth ditioen, aged. S5°50.

Farl I.—Analvlickl. Elementary Theory of Flaticity in Amarphons ;. Salid
Bodies ;. Flesare ; Torsion [ Hallew Cylindees amd Spherer ;. Hesilienoe | Combined
Stregs Conditian:.

Pare Ll.—Techmical,  Tonsion, Compression ;. Biveted Teints and Pin Con-
neqtians ;| Long Coelumng ;. Shearing and Toraion ;. Bending or Flexore ; Cancrete —
Stecl Members | Rolled and Cast-Ilangedd Boams ;. Plate {irders;  Miscollaneous
Subjuots ;. The Fadigee of Motals ;. The Flow ot Solids.

spnendiz L—Zeneral Kquations ;) Thick Hollow Cvlinders aml Spheres; and
Torsion ; Theore of Flexure

Appendix [E- Llavarena's ermnlae,

Appendix 1TE —Mesisting Capacity of Natvcal awd Actifcial Tee.
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3. STRUCTURAN STELL.

EXCIFTRERING CONSTRUCTION Ix STERL axD TiMBER —D3y W, H. Warren,
MInd O K, Challis Frefessor of Eogineering, Umiversity of Spedoey. FPublished b
Longmans Grecn & Cno Pooe o8-

Chapter 1.—8tress, Stroun, Working Steesses @ Froperties of Steel. TI—Tunmber
and jts Properties. 1L --Determinadoion of tho Stressen i Stooctores. IV .—
Risrling  dlomenta aml Shearing Stresges. Influence Lines,  V.—Moments of
Hesistance and Intenaity of Shearing Seresses in Beanma,  VI— Bridgss and Viaducts
wf Bmall Span, VIL -FExamples of Giaphicad Staties. VIIT.—Bracet Girders with
Paralle] Choagds.  [R-=Dewstring and ather Trugses. & —Slope and Deflection of
Lrams, KIL—Continuows and Cantifewver Bodges.  XIE—Sirength of Ciduuns,
X1L—Dkiveted Jaints,  Fins apd Fyc-Hars in Bridges.  Timbor Jedints. XIV.—
Windd Pressures oto. KV —Strosses in Beaced e, X¥ T -Approcimate Weights
of Carders aml Trusses.  Tive leads.  Concontratod Wheel Taomds,  XVIL—Tlale
Web Carder Bridpes,  XVITL-—Fratt Troas DBridges, XIX,- Tesipn of o Parker
'l'ru::i Erulge for o Single Line of Twilwiy, KX —5wing Brodges. KXL— Arched
aml Suwspeension Byjdges,

Tup Lhnescur or Srnel Mo Bosoesos sk orpe Cacevrarlon of SiressEw IR
Fraden SrRimcrires.—ly 3 L, Ketcham, CO02, DProtessar of Civil Enpgimering,
Colapsla Lhnivegsity, Consulting Enghieer. Pallished by Fogincering News Pob-
lishing Co. MNew Yark, © vol . Bvo.o; ard elition s ey, S0

Fare IL—Laels. Chapters -0 =Thead, Rmow, YWind, and Miscellapenss Tooaks,

are TL—3tresaes, Chapler V.—Oraplue Statice. Y1 —3Stresses i Framerd
Strugrares.  VIE-—sStrosses an Bimple Hoof Trosses. YVIIE-TX —Heams, X, -
Strestes in Brcdpe Trusses AL —Stressos in a Tramsverse oot XL —Stresses
in Partals,  X1L[L—Stresses in A Threc-Hinged Arch. X1V —Stresacy inoa Two-
Hinged Arch.  XV.—Combined apd Focentre: Stresses, XY L—Graphic Calenlation
of 14fection in Feams.

Tart ILL---Dosiya of 3N Teldings, Chapter XV1, -Generpd Desieon,  M¥I1L
—Framework,  XVIIL - Cormmgated Stecl. XIX —Jloaf Coverings, Mok —Side
Walle  and  Musenty  Walls, NWI[—Fowodations,  NKTTLe- TFhaes, XXTIT—
YWoindows caml  Skylights,  XXIV.—Veotilators, MYV —Doors. XXV —Shogpy
Deawings amnd Liules. XXYIL. -DPaints and Faintipg, XXV —Msthmates of
Woight and Cost, )

Fart 1V —dleellanenns Steuctaeed.  Dessriplion of variows Buildings, Speoii-
cations, Mrablema an Graphic Stabies amd Caleolations of Siresses.

Y The Lock i dotende<] to provide a short comtse 16 the calculation of siresses in
frampd structures and to give a brick discoassion of steel mall construction.  Ttismeant
to sypplemnent the clementary Looks on stresses oo the one band and the more
vlnhdrate treatises oo bridpe desiga on the odher.  Much of the matter will apply
equally welb to all clastes of steel frame constroction,”™  Fhe author bas & large con-
soltiap practice asd consideralle tewxching cxpetience,  The bBaok 13 well illustrated
ancl there are several worked out examples.

STRUCTURAL ENaGINERRS' Hawpeook., Uata foc the Lresipn amnd Construction
af Sieel Bridges aml Buildings—By AL L. Ketchum, U1, Professor of Civil
Eupineering, Vniversity of Onlorado, Consulting Sngineer.  Publizhed by BeGr
110 Book Cor,, Nene Yok (HID PubbishingCo , Landen). 1vol. 0 Swvo ) 11y, 500

Fart I—Dkta and Bretails for Dosign and Consermcticn,  Chapter §—%5tecl
Wool Trusses and 30 Buildings,  I1.- Sfeel CNice Baildings, I, Steel Highway
BEridges.  1¥ —5tee] Hadlway Bodges. Vo —Retainiog Walls, V1 —Dridge Alat-
tnengs amd FPlers,  ¥I0—Tinber Bodges and Trestles, Will—5Steel Pins, 1A
Stcel Crrain Hlevatnrs, M —Steel Head Frames snd Ceal Tipples.  X1L—Stecd
Staml Fipes and Tlewated Tanks,  XI0 . Siractyval Deafting. XTTE—Estimates
of  Stenctural  Steel. KIV.—Erecteon o Steuctutal Sleel, XYV —Faginesting
Materinls. X [o—Structural Blechanics,  NVTL—"The Dhesipn af Seeck Details.

Tart  IL—9trucenral Tzbles.—Flis park consists of 1o tables ancder gl follow-
ing headings :—Lars and Blates, T ldeams, Chanosls, Augbes, Biscellaneoss Sectios,
Colutens sl Strues, Top Clorl Seotions, FPlate Cirders, Prorails fec Bars, Pins, Lolls
ancl wuts, Rivels =l Miveltemp, Jdeam and Latersl Conmeclions, Aiscellancous,
Betldehen Sections, Mathereatical, aad Miscollincouos.

* Tl bk ™ - g gpuadn thae preface—" @5 for Ue stadent or eoginess who has Jaaid
4 tharoagh crarse in applicd meebanics zmd the calonlations of stresses in steocteres.
Coveid ware bavs Teen wsed to ghve examples that represeng standard practice, The
drawings have been prepueced Trome sceool working plaes,  The hook 15 a4 source
bk, nut i treatise, mtencled o Deroi<lodatio that are available 1o only o lew enpineers,
aml snecilications that are avoilable only ie transgonans of secielies or special
trowtised ' Thouph dealing wieh Amececan practice this is a very nseful np-tu-date
book.,  1urt [, oo i, onntaing & mass of inforosetien on practical calonlations,
specificatinns, structutab dekabls, materals, e, and i5 profusely illestrated.
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4. 3STRUCTURAL TIMEBER.

Staucrurar DieTamy: FrumBsrs o DEsIgH or TiMBER TrRaMmivc.—Hy H. 3
Tacober, Professo of Bridge F‘ngmecrmg, Cornell Vniversity,  Mablished by Wiley
& Hons, New Yask, @oval, i Bwvool 1914 g0

Chapter [.—Fastenings.  IL—Juints. L], Wooden Heams and Celumns,
IV —Weoelen Reaf Trusses. V. —Hxamples ¢|I' Framing in Practice, ¥i.—Thoboer
Trstz and Working Siresses.

A very wseful book on {he designing of tl'izhr_": wark, with much informatica on
the girengih of rails aed bolts ol the strength of joints.  Well illustrated weithy
dimensioned deavings.  The book s froguently guoted o the United States

Traner Framivc,—Hy Ho Lk Dewell, Assge, ML Amer. 5.C.E,, Chied Strucfural
Fogineer for the Panama-1Pacific Internatipnal Exposition.  Published by Dewey
PuWishing Ca., San Francisco (17, ¥ay Nogtranid & Co, New Yoeck), s vol ; Svo.y
gy, Toy-,

Chapter To-Trtrodaction, TR apd ¥Vard Speoficntions, Crading Knles
T - Working Ftresses. IV, -Washers and THns ;. Compeession an Surfaces Liwchined
to the Dircetion of the Fibres ;. Fuesistance of Wood to Metal Fins | Sheor Pin Juints
V. —Spiked, Svrewed, and Holted Joints; Lateral lesistance of Spikes and Nails,
Common Wooil Screws, lap Sctows, and Bolts. VI—Hml Juiats.  ¥II -—Inter-
merdmte Jointa, VT - -“Tension and Compression Splices. TR —Main Memnbers of
Trusens, Compressian Chords and f81enes, Taminatal Truss Chards, Timber Tension
Muembery, Tension Tod<, M, Bracing J,"m.-',acﬁ Thtulls of Flows Raak L russ, Lattice
Trusses, Teuss Coonections ta Fosts. XI.. Toeory of Columoa: Toests of Timber
Columns,  XIL—-—Column Splices and Ginler Comections ;| Fleots:  Joists; Joist
Hapgers; M0 Coostruction, KL —Fuunlbitions. KIV,- -Miscellaneons Strue-
tures. XV.—Wind Pressure : Working Drawdngs. XV L—Specificativus for Timber
Framing.

An ull':-tn-:]ata hook 1 reating taliy and practienlly o subject which is hardly discussed
at all in rher Dooles, witl the exception of the proviows ane by H. 5. Jacoky.  The
anthor has bad ceven years' expenence of timber work on o large scale,

5. STELRL. BRIDGES,

Drmsean o Srrre Beincrs, —By O Kung, CE., formerly Dosigner for the Deidge
and Constructian Idepattment of the American Bridge Company and Chief Engiaoeur
of the Bridge and Coustractinn Departmient of the Peansvivama Steel Company,
Pubilished by Molicuw Hill & Co., New York (Hill Pubtishing Co., London, 1 vel.;
Ewo, ) Igry 21/

Chapoer T.—External Forees,  Tl-—DReactions and Infloenee Linez,  TIT.--Moments
and Shears in Simple Spans. [v.—5Stressey i Simple Trusses, V. —Stresses i
Bracing of Simple Spans. ¥ [L—Types of Bridges and Prinopal Dimensions. . VIT—
Ihsign of Bridge Flones. WINL —DRoon ang Plaee (ieder DBrdges.  [X.—Simpla
‘Trusa Bricgpes, X, .-%kew Bridpes and Dridgss oo Curves. X1L—Weights of Simple
Span  Bridges. | XKT1, vViadoets, XTIL.—lilovated Haoilooads. X1V —Xovable
Leidges and Taenlalles. XV, Arch Bridees, XV —Long Span Bridgesin Geagral
atl Exawnples.  SVII—Cantilever Tradges

Appeiiliz A —-Actual Fressure of Foundalions i Bridge Warl  13—Actual
Prossure ol Foundations in Steastoral Work, . -Froperrias of Waterinds, It —
Tables, T.—Prepertics of Seclives. F.—Riveling, G --Tables,  H. - Specifica-
tiony.

This book was to form the second eolooe of o series all by the same anthor, bot
s far it is the on y oog published.  The firse, thicd, and fourth volumes were to deal
with General Theary, Steel Huildings, and Masnory, Conerete, and Reinfarced Cons
orety, respochiviely,

The booke s witten in o semewhat condemget scyle.  Tis aim s not te e o text
bowilg, bt to give the emineer nomerical examples and oesolts of the lbest modern
practice in sleipning and estimatiog of stee] bridpas, aned to serve him a2 2 goide
ate] nied in the colenlation of sktesses, aeatinng, and weights., A foatwnes is thoe set of
53 o] plates at the end of the ook, which are cxpeected Eo guide the designer from
el alui lve Tunl asswinptivoes to the st rivel spacing wachout relevence o the
text.”

Briocr Lnorazeatys. -By ] A. L. W.ulﬂn*ll C.H,, e, lohlished by Wiley
d Sens, Noew York (Chapman o Hall, London). - 2owel= 0 3 vol ) yoa6. §1iomn,

Violnmea [ —Chuprer I.-—E-Zvr:-lu:ion. of Nridge Hagieering. TT—The  Brudge
Specialist,  ITT--Oreldinaey hlaterids of Heidge Conaeenetion. IV, —Alny Seeels in
Bridge Work, W, -l Lowds, VT -Tave Loowds, VIE—Impact Lsacs. Y110
Centrifugal Foroe and Othee Edecks of Teagk Caveature,  IX —Wind, ¥Vibratioo,
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and  Traction Teads, W, —Methods of Stress Computation,  XI.---Secondary
Tempeeature and Tndetenninate Stresses.  XII—Deflactions. XIIT. —Combinaticn
of Stresses.  X1V.—Intensities of Working Seresses. NV —First Principles of
Designing. XV —Defailing in General,  KVILL—Shopwork as Affecting Hridge
Design, XVIII.—Classes of Trafhe and Provisien Thetefor., XIX. —Floots awed Floor
Seyatems, KX —Laterals and Sway Bracing. XX L—Plate Gindetr and Rolled
I Beam Bridges. XXIL—3imple Tross Bodges. XXITE—Trestles, YViaduet, andd
Bridue Approaches. NEIV.—Elevited Heiltoads, XXV —Cantilever Dridges,
RAVI.—Arch Bridges. XXVIT- Juspension Brifyges. XXVIIT- -Movable Bridges
in General. XXIXN —Swing Bridges, XX X.--Busoule Dridges, RXRXXI—Vertical
TAfE Teiclges.  KXRIL---Rivered tersgs PincConnectod  Trusses. =XXXIIT.—
Dimepsioning for Camber, XEXIV, —Protection of Metal Work, XXXV, —Wooden
Brilges and Trestles. XXXV —Draw Bridges amd Protection. XNXKEVII.-
Keinfarced Canecrote Bodges, XXXVIIL—VFowndations in CGeneral. XXXKIX.—.
Colerdamy.  XI,.-—Open Dredging Process.  XIT,—Pnenmatie Process.  KLIL—
e and 1%le Ppiving, XIIIL- Piers, Pedestals, Abutmonts, Retaimng ¥Walls,
and Cnlverts,  XLIV. .-Fhore Protection and Materess ¥Work,

Voltime [I—Chapter XLY.—RExpedients in Design and Consteuction,  X1LY¥[L—
Data Requited for Designing Bridges, Trestles, and ¥Wadvcts, XLVII o~ Locoting
of Rrdges and Proliminary Sorveys. KLY IIL-—Buerogs.  XTIX —Detecination
of Waterways., L.—Hequirementy of the 115 Government for Bridging Navipable
Waters. LU.— Hydrographic Survevs for the Bridging of Navigalble Waters, LIT—
Asthetics in D{“Sig;ll. LI -Ttue Leonemy in Design. LIV, . Determinatioe of
Lav-Chita, LV —Weights of Stes] Supersttuctures,  LY1—Cheantitiosn for Piers,
Padestals, Abntenents, Eotainag Walls, and Reiaforeed Copcrete Bodpes. LA1.—
Estingetes. LVIID -—Dffce Practice, LIX,  Tnspectian of Materials and Warkmanship
LX. “Triangultation. LXI —LEnginsering of Construction. LXII---Erection and
Falsework, LXI1l.—Maintenance of Trafhe, LXEY —Bridge Examination, LXY.—
Heconstrnction, Maintenanee, and Hepair of Existing Bodges. LAV —Status of
Highwaey Gridge Building, T.X V1], —lridge Failures and Their Lessons. LRVIII—
Spectfleations in Groeral, LXRIX —Contracts, LXK -Reports. LXXI—Adminis.
trative of Constroction. LXXII —Arbitration. LXXIIL —-Fromotion of Lndge
Projeets. LEXXTY.—Dridge Enginecting Fees. LXXV —S5ome Jusiness Features
of Bridge Rapingaring. LAXVI.—Nespansibility of the Bridge iiagineer. LEXXYIN
- -lithies of Bridge Fngineering, TRXYIIE—{oneral Speciticatinn: Soverning 1he
Design of Superstructare of Bridges, Trestles, Viadusts, and Hlevated Failroads.
LEXTX, —Genera] Speciheations for Manufactute anild Fregtion of Superstructuse,
Zulstractore, and Appeouches, ete, XXM —Glossary of Toerms (243 pp). Index
{224 po.}.

Tll‘l* 15 a very valualie ook, and well worth readlitg eveon by other than hridge
engioeers, for many of the cthapters are interesting escays in thenselves,  The book
i3 writkon in an almast conversptional style, with many touches of persunal experience
which make it very readable,  The author, wha is a well-known Amenicen consaltitg
caginger, states lus alm 1o be ' to give 19 his rewders, concerning every branch of
bridge work, all the information he has been able (0 accumualate Juring a practuce
af g0 years. Mothing of any value has Leen omitted, cxcept socl matter as can
readily be obaned from clhet books. because he hos nevar been a believer in the
peemla-peonomic iden that what has cost so mauch labonr and manpey to discover and
record should Do wtilised coly for ence's pecsenal gain,  On that acecunt there appear
tar the frst time in print all the dizgrams of weights of metals, guantities of masanry,
cogts of canstruction, econonie functions, ete., thaé this book contains."”

The ek has Teon very Bvourably rocrived,  TE containk 2,200 papges, inchuding
o usefnl glossary of 243 pages. o full index, and wery many plans, diagrams, and
tabilis,

5, CONCRETE AWND REINFOMCED CONCHETH.

KERmFOoRCED ConcrRETE,— Hy Capt, [, G, Fleming, R, TPublished by the H.HE.
Tnstitale,  Price 305 [Out of T'rotl,
A rovized aiut enlanged edition will be wsoed early next ear

Remsrocen CoNerBIE CosstrUcTion, Mart T—EBy M. T, Cantell {Spon & Coly.
A somewhat elementary, but cxeslleot little book, giving & full table of formule, and
30 warkes] out axamples of colimns, singly and doohly reinfarced beams and Tee
Beaamny,

CoxckeTE ERciweErs' ITanphooxk.—Data for the Design and Construction of
Plain pud 1deinfarced Concrete Structurcs.—I3y {3 A Honl, M. C. Jobosen, and
% C. Hollister,  Fublished by ATacGeaiw, Hill Book G, Mew York (F] Pnllishing
Cao, Lenden). 1 w2l 8wva; 1yid ag)i-
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NOTICES OF MAGAZINES,

THE MIITARIAPOUHENALATY .

Fuly—Angnst, 19EG.

The paper seems to be drifting more and maore intoe Luing the organ of
ihe ex-officer : mnch of its contents is taken ap with articles on the
economic position of officers and cx-officers, regimental unions, noiices
of civil posts open 1o officers (mostly in police andd municipal services),
The translation of Lord French's * 1914 " is continued in cach number,
as are alko " Heviews of the Press,” wholly from English papers, and
“ Short Notices," paragraphs of military news from the Entenle Press.
“ The Rolls of Honour ™ still form an interesting featore: noticeable are
the small losses of the cavabry, (4 few numbers of the papere during
the peiiod July- —August, 1yrg, were not received}

Mo, 1.

The Officers’ Compensation Law —a complaint that the War Ministry
has not listened to the demands of the D.OB., the German Officers’
Union.

Rewmarks on the Military Political Sitnation in Russia.

Provision for the Milttary whoe are lo be refived from the Army.—As the
Army has to be roduced to Tobooo by the 1st Aptil, Tozo the officers,
who before the war numbered 36,000, will be cut down io 4,000, and
jobs must he found for the N.C.Os, =6,000 strong before the war,  In
the present state of uneraployment and credit, their prospects are poor
aml the State must provide for therm. ({In the adverlisements three
situalions only for ex-officers appear.)

Rolf of Honour —Infantry Regiment No. 1460 officers 85, N.LCODs
232 and 1,960 men killed. Infantry Regiment No. 149 officers 122,
othar ranks 3,446 killed  Pioneer Batalion No. 3: ofiicers 56,
N.C.O.'s 167, men I,045 kilied,  Hussar Regiment Mo, 51 33 officers
and many ather ranks kilted.

Advertisements.—Anuounce the formation of a number of Regimental
Clube.
: No. 71

The Oficers’ Compensation Law—A bitter complaint at the ircatment
of afficers under the peace tevms.  What would happen it is asked if
6,000 Tailway or pest office employés were suddenly turned out
into thestreet,  The terms ot compensation proposed for officers removed
on reduction ol establishment are \—{g) Officers under 10 years’ service,
e year's pay withont allowances. 2] All other oflicers up o Erigade-
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Commanders exclusive, if married, 5 vears' pay ; if unmarred, 2 years”
pay. {¢] Brigade-Commanders and apwards will receive pensions.

* Long-continned Lawghier from dhe 1Whole Howse.”—A complaint that
the above appears in an account of a ditting of the Reichstag, ™ Thers
ought ™' tie weiter says, * to be tears and gnashing of teeth,”

Officers” Scttlement Unton,—This Union has taken a piece of ground to
teach ex-officers und officials agricultune and gardening,

Roils of Hongur.—Infantry Regiment No. g7 ;120 officers and about
so00 other ranks killed.  Infantry Regoment Xo. 81 go officers and
2.245% nther raaks killed.

Advertisemenis. —A Union {o protect the personal freedom and life
of Wilkweln IT has been lormed.  Warning against migrating 1o Cassel,
as there is a lack of houses there,

Wo. 1a.

Misfeading Generslizations - A signed aticle by the weall-known
military histarian Gencral ven Vreviag-Loonghoven denouncing {wo
hooks :—" The Deatl Path of the Gertoan Army ' and © The Marme
Dirama ' (reviewed in the Timees Literary Supplement of 4th Septomber),
in which the truth about the condition®ed the German Army in the latter
part of 1918 is told,

Hunus for Fefired Offfcers on Acconnd of Dearness of Living. ~Com-
plaints that tae instructions are not clear and smell of the Finance
EBranch—A pony War Ministry defenea Follows.

foll of Honowr —UChlan Regt. No. 14: 20 officers and many other
ranks kibled,

Adveritsemerds —The Mess furniture, ete., of {he Military Technical
Acadvemy {where Engineer and Artillery officers received higher technieal
training), and of the Non-Commissioned Officers’ Schonl at Treprow are
heing sold alt.  5Sa the schools are no doubt heing closed down.,  Five
posts in muticipal oflices and police are affered to ox-officers.

No. L.

Transfer of Offccrs dn the Active Aripy.—In sclecting officers for 1he
Detenee Forge, their confidentinl reports, theic bebavioor i war and
vince the armistice, age, size of family and peivate imcans will be taken
in acconnt,

The Officers’ Compensafion Lew. A complete deaft of the bill, the
nnportant points of which were given In No. 13, is printed,

ther Sonbh Russien Teogps—A bitler complaint of the treatmment
by the Allies of the German Foroes ent off in South Kuossia, They
could not marsh home, the Allies pramized ships, but caly took ihe
troops as far as Salenika, wheore they were lnterned. The senior officer
whir tade comvslaints was given 15 days’ arrest by the French Comman-
der.

The War Minister to General OQda pon Balow.—A letter of official
thanks for services. I 35 quite a good Dmitation of the sx-Kaiser's
bresk styhbe
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Hegimental Unions of the Old Army -~ A further list of unions formed,
Relf of Honowr.—The Guard Corps Trzin: 18 officers and many other
ranks killed,

No., x5,

Prafosals for Stafe Assistance lo Ponsfongrs rematning tn Coded Torvitory.
—Apparently pensioners who remain in Alsace and Lorcaine, cle, at
present are deprived of their pensions.

Not Black-red-gold, rather Black-white, —The proposed democratic
natignal colours are jecred at,  If black-red-white will not do, then it
i batter to adopt the Prossian colours, black and white,

Phsls for ev-Officers—Seven police and municipal jobs are offered,
The pay varies fromn 2,400 to B000 maths.

Fofls of Honpur —TFoot Artillery Regiment No, 70 64 officers and
over 1,000 other ranks killed, Fusilier Regiment No. 33 ror officers
and 3,000 ather ranks killed.  Infantry Kegiment Mo, 143 0 121 officers,
324 N.C.00s and 2510 men killed.

W 1h,

Fudendor s Mentorandum of Seplember, 1907, —4& violently worded
article denying (hat the chance of peace in 1017 was spoilt by Ludendorff
demanding enormeus annexions.  Far from il, the published decu-
menis show that he only wanted the Briey plateace, 4 more favourabls
frontier on the Meuwse, and a commercial connection with Belgium that
would ensure the necessury facilitics for expansion to Gyrman trade !

The Officers’ Compensation Law.—A later complelc text of the 1k
The amounts proposed ave slighely less than before published, and officers
must have done 12 vears” service instead of 10 before they receive any
compensation for being compulsorily retired,

Rolls of Horore. —Inflantry Hegiment No. 29 143 officers and about
3.500 other ranks killed. Infantry Regiment XMoo 740 101 officers,
3ro MO0 s and 2,236 men killed,

Ko, 17.

T Strength and Worltk of ane Fidnre Pence Army,—By the peace condi-
tiong Gurmany is allowed a maxirmum of Ioo.000 men, wnsafficient, the
writer says, 10 maintain internal order. He digapproves of the proposed
organization of the roo.oo00 allowed, via, Stafis 1,606, Infantry §3.046,
Cavaley 16,212, Artillery 10,055, Pioncers 2,8%;, ete., on the ground
thati over one-sixth are Cavalry ; Defore the war, in which Cavalry did
nothing, the proportion wis one-tenth., ke suggests cutting dewn the
Cavalry by hall and daubling the Artillery, and ircreasing the Vioneers
to 3,200 and wdding a Flying Corps.

The Fafe of owr Forfresses.—wenty are 1o be coded or destroyed,
and there will anly remain Borkum, {lstrin, Cuxbaven, Geestemiinde,
Glatz, Glogau, Ingelstadd, Wenigsherg, Minigstein,  Neisse, Tillan,
Spapdau, Swindeminde, Uhn, Wilbelmshafen.

Folls of Howotr~—~Infantry Regiment Moo 1410 120 officers Killed,
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Infantry Regiment No. g6 114 officers Lilled ; in 1914, 26; in 1915, 26;
in oifi, T2 ; in 117, 16 ; and in 1918, 31, and 3 unknown. Infantry
Regiment Mo, rrz: 87 officers, 2810 X000 and 2,46z men.

Na, 14,

Showld Avdicles azy and 228 of the Peave Trealy be Curried Ont 7—These
arficles refer ta the surrender of the ex-Kaiser und certuin officers. The
letter of Prince Heney of Prussia to HOM, the King offering to Laks his
brothwr's plac:, and ex-Crown Prince Rupprecht of Bavariu’s olier to
be tricd by the Havarian Purlivment are praised.

Chierehitl's Speech on Imtorvention fn Russia—A translation of the
speecl, which must {rotn its pablicalion in the MLW.A. be pleasing to
menarchical Cermunyy,

The Sitnglion al drchangel, —A summary of information from The
Times,

Step dn Rank on Hettremend —Officors whose total service 1o a rank is
within a year of that of the most recently promoted officer ahove them
may claim a step in rank, It appears that promolion in war in the
higher ranks was slower (ham in peace, cg., 10 Licutenant-General
from Major-Geweral 3§ wvears during 1he war, 2 years in peace !

Chveber af Meri! —Owing to so many unauthorized persons wearing
thiz (Jrder, it has been found necessary to saae a lsi of recipients, A
tolal of 480 officers received tt, viz,, (encrals {excluding General Stadf),
228 ; General Staff Officers, 72 ) Kogitnental Commanders, 143 ; (ther
Officers cxclusive of fyers, g2 7 Flying Officers, 75 Naval Officers, 52 ¢
Allirel Creneris, 1h.

Rolly of Hononr—Fichl Aviillery Kepitment No. Bo - 44 officers and
over 3o atlor tanks Killed, Licld Actillery Regiment No, 2@ =28
officers, 33 NGO and 256 men killed,  Infaniry Regiment No, &
106 afficers kalled,  Infantry Regiment Koo g3: 104 officers and 3,320
other ranks killed.

No. 2o {15 not received).

Joifed’s Explonalions —A sumnary ot Marshal Joffre's evidence
before the Parliamentary Cominittee as regards the evacuation of the
Briey Basin and his failure to cover the Belgian frontier.  That Briey
could not be held because it was too close to Motz is accepted as con-
clusive ; but it is insinuated that the French strategists should have
appreciated that the Geeman Army could not have Telt its right fank
exposed to Belgian attack.

Regimental {Tnions. —Thiety-four have now been formed.  The notice
is dactfally daved 8th June, 1919, " Waterloo Day. " Before the war
the Geemans calied the batele * Belie Alliance.

Rolfs af Honowe —German Souwth West Alvican woeps @ 1g (Mhicers
and z1R other ranks Lilled. Infantry Regiment Noo 38 112 officers
Eilled.

Noo T

The Military-pobsitical World Situation —A survey of what i1s going

on as regards Armies and Navies. England, (e great, mighty wirg-
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puller " is dealt with first The writer considers that we can afford the
luxury of a small army, but will be involved in a2 Naval Armanents’
Competition with America. America has now a huge Atmy devised by
Fresident Wilson, not to fight the Germans hut the Japanese !, ete,

A Review in the Occupicd Territorv- - An eve-witness's account of 2
review by General Mangin at Coblence. The Editor regrets that Ger-
mans wers present as spectotors.

Rolls ofgHonour —Ficld Artillery Regiment No. 39 39 officers and
206 other ranks killed, Infantry Kegiment No. fo; 104 officers and
4,130 other ranks killed, 13 officers missing, .

Na. 23

trencral Ludendorfs Life-work, —Tlhe comimencement of 2 long review
of his book.  {Reviewed in The ¥imes).

The Reckoning of Private Farmings againsi Persivms —A protest
against the proposal to take private meuns and carnings intu account
in awarding pensions. _

Private Properiy of Members of the Army in Adsace and Lorratne —IL1s
asserfed that this has been seized and sold by the French,

folts of Howour—Infantry Regiment No. 88: g0 officers, 3,377
other ranks.  Infantry Regiment XNo. 113: g3 officers, 2,200 other
ranks,

Wo. 25,

The Fifth Auntversary of the Haftle of Tannenberg —By Major Giehil
who was on the General Staff of a Brigade and the 1st Reserve Corps
during the battle. A review of e operations,  Like Ludendorff in
his memoies he suys Y that thouwsands and thousands of Russians with
horses, guns, and eolorrs found death in the Masurian Lakes,” is a popu-
lar fable {Mdarchen) ; cqually so, that Hindenburg as a taoneral Staft
Officer bad studied the Lake district, and that Ludendorff was there
as 4 Major.  He was first there i 1grg.

Liuedendorff's Life-work—TReview of his book comtinued from Ko, 23

The Fafure of the Offcers—On 15t August therc were still 2o,000
officers.  The number must be reduced by the peace conditions to
S.o00. A number of posts ar presend held by veuired officers must be
vacated eo find jobs for ex-active officers,

Ralis of Honearr. —-Mounted [iger Regiment Wo, 6 21 officers killed,
three died at homie of disease contracted in the fleld.  Infaniry Regiment
No. fin ! 134 officers and over 3,000 other vanks killed,  Ficld Artillersy
Regimenl Mo, 25 33 officers killed, 2 missing ; abouf 500 other ranks
killed. oot Artilbery Regitnent No. 5: 53 officers, 155 %.C.0's and
1,033 then killed.

Na. z&.

The Offcers’ Campensativn Law.—The lalest news is that offhcers
with 1o years' service who ure removed from the Army on reduction,
will be pensioned whether wounded or not. War service will count
donble.  Officers below the rank of General will veccive in addition a
" transition " allowance, and if in proved need Y war assistance,”
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The ™ trunsision ™ allowance will be paid for 3 years to married officers
and 2 years to wwmarried,  Officers with less than 1o years' service will
receive what amoonts to hal-pay, if oander 3 years” service for @ year,
it betwern 5 and 8 years for 2 vears, if between & and 1o vears for
3 yeuars,

The Fifth Anufversary of fhe Baigle of Tennenberg [continned)—4
sketch willy the wsual assertion thut! tlie Russians were three times the
strength of the Germans : this forgotten buttle is comparedgto Cannae
and wi are assured that prsterity will recognise its enormeous imporiance.

frevman Wur Calemdor. - This has not been noticed before, Tt deals
with 1gr¥ and is only remarkable that vven in August, g1, Cierman
victories are vecorded daily. The following ure specimens : They are
trapslated vorbatim —28th—20th Avgust. - The German  line oo
either side of Bapawne and southwards te the Semme is withdrawn
according to plan.  Heawvy defeat of the French between Poat St Mard
and Chavigny.  gorh August- The English continued their attuck
between Avras—Cambrai and S.E. of Bapaume. The batile ended in
{he disconfitare of the cnemy. 31t August —The Salient in frong
of Hazebrouck was abandened to the cnemy ;) thus Kemmel comes in
possession of the Epnglish,  Betweon Arras—Cambrai and Feronnu
the atracks cf the cuemy collapsed,

Folls of Honewr —Foot Artillery Regt, No, 14 75 officers and about
1,500 ¢iher canks killed., Pioncer Battalion Noo 18: 31 officers and
abiont r.oo0 other ranks killed,

Adverttsement. —A General Staff Officer whe has entered a prinling
business begs his former comrades to give bim costoin,

Nao oz,

The Belpian Armgy before and after He War,.—Avong other matter it is
stated that before the war the Belgian Army suffered from the small
number of men with {he Celowrs and short service.  Now the Army is
popular with all classes and ali parties will suppoet it on account of irs
victories {with the word spitelully in inverted coimmas).

Yhe Oficers’ Compensation Law. - Hemarks on the speech of 4 Centre
Depuaty, who said that 3,500 murks pension for an officer of 17 vears'
service was wo much,  Even a workivan could not suppord a farily on
s sam. (This seenvs troe in Berlin now foed for a family of four costs
fioo mrarks i month),

G Subjectine Writing —Reply of Lieut. Hesse, the writer of a book on
thee wur entitled " The Murme Drama, " which contains unpleasant truths
and deduciions therefrom, 1o General Freytag-Loringhoven's eriticlams,
wha desires only objective {ruth. He savs the truth hos been so fong
concealed that the younyg of CGertuuny ure wsking ™ Is there seifl trutls ¢
and only notarally demand what was wrong and what can be im-
proved |

Rolls of Homowr~~Toot Artillery Rogiment No. g5 31 officers, 81
NCAOs and 237 mea killed. Foon Artillery Regimend Noo 43 28
officers, 53 N.C.00% and 148 men killed.

J. E. Epmowps.
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KEEVUE MITITAIRE SUTSSH.
Na. 8. —Awugust, 1910,
THy (FEaMaN aND FrEscH CavalRIES TN THE GREAT YWAR.

The article on the above subject by Colonel Foudret, begun in the
namber of the Bevne for May, 1919 {wids RE. Journal tor July, 1919,
e segl) is continued in the number under notice.  The ' exploitation of
success ' by large cavalry formations is wwehed upoo. The oppor-
tunity which the Freach cavalry had been looking forward to for four
yeurs to nndertake one of the greatest of tasks that-can falt to that arm,
namely. the completion of the discomfiture of a defeated eneiny, did not
come. to pass ; the acceptance by the Genman High Command of the
armistice {erms imposed by the Entente and Associated Powers pot an
end to the high hopes of thousands of gallant cavalrymen.  The part
played by the French 2nd Cavaley Corps, and particularly the ith Cavalry
Division, it Flanders during the last three months of active hostilities
it 1918, however, pravide some indication of the nature of the difficulties
which large cavalry formations have to contend with in the case of
operations falling under the denomination, ** the exploitation of success.”

The operations of the Oth Cavalry Division in Flanders and in Belgium
during the period, September 18th fo November 11th, 1918, are briefly
deseribied with the aid of a sketch map, which accompanics the text
of the orginal article. As a resalt of the six Franco-British offensives
of Augnst and September, the Germans had been definieely forced back
to the ** Hindenburg Line "' ; and this " Line " was broken, towards the
end of the latter month, in the Argonnes and in Artois,  The France-
Belgian attack on the left wing against SIxr von Armin’s Artmy, was
lantiched on September 28th.  The French znd Cavalry Corps had, since
August tqeh, been in rest quarters al Brauvais, in rear of the positions
from which the attacking troops advanced,

“The 6th Cavairy Division moved forward from Chapelle-aux-Pots
on Scptemnber 18th and reached the neighbourhood of Steenwoorde on
the a6th ddemr. it was directed 1o operate in the direction of Deynze
and Ghent, vig Roulers and Thiclt, The division had fellowed the
infantry during the attacks in this region.  When the Franco-Belgians
had reached the line Staden—Westroosebeke, owing to the turn in affairs,
the &th Cavalry Division, then -at Boesinghe, was, on the 3otb tdem.,
ordered to push ahead of the infantry at all cosis, and to move towards
Mell¢ (5. of Ghent) and Brussels.  Advancing in two columns, it reached
Langemarck and Westroosebeke at § p.m, on the same day, leaving the
Betglan infantey behind, It was now that difficnlties were met with.
The Thivision came up against the Germans holding the ridge which covers
Hooglede and Keulers.  The enenty was strongly entrenched and amply
provided with machine-guns, The French guns were, unfortunately,
unahle to mave forward beyond Langemarck owing ta the nature of the
ground and, without the assistance of artillery, it was found impossible
to make progress, The Ihvision consequently went inte bivouacs at
Westroosebeke and Oost Nieww Kerke,

The guns had heen got out of the mire by October 1st,and the Cavalyy
Division was, in consequence, ready to act in the dircction of Huoglede
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for the purpose of explofting any suecess pained by Massenet's troops.
However, the cnemy held on to s pogitions tenacigusly, and the cavalry
could not be usefully cmyploved in the region, This Cavalry Division
was, in consequence, withdrawn and sent into Test quarters at W}flder-
Bambecke.

On October rzth, the Hth Cavalry Division was attached to the
Elanders Army Groep, and on the nightof the 13—14th idem. it wentinto
hivouacs N. of the Houlthalst Forest. The France-Belgian success at
Dixmude on the x3th tdem. uncoverad the Genman right flank, and the
Iater snccesses of the nfantry apain afiorded an oppartunity for making
use of this cavaley Torew.  On the 15th fdem., one of itz brigades, rein-
forced by srtillery and mochine-puns, was therefore sent forward
towards Thourout. .

The Germans began now to retite slowly eastwards, and weore prossed
by the Franco-Belgians during their retreat @ the cavaicy being used to
sutflank the {ierman rear-goards. By November 1oth, the main body
of the Gth Cavaley Division had ecached the neighbourheod of Cruys-
hautemn, Letween the Lys and the Scheldt.  The infantry crossed the
Scheldt betercen Wederswalm and Audenarde, and drove the Germans
back, wherenpon the 6th Cavalry Division alsu began to cross the river,
in order to make an attempt to break the encmy's front at Segelsem,
One of its brigades had, belween 2 and 4 pom. on the 1olh #dess., reached
the neighbourhood of 5t Denis and 51, Blaise | another of the brigades
wis not able 1o cross the rtiver owing to the insufficiency of bridges
All preparations had been made by the 6th Cavalry Division o take part
in the pursuit on the 11th ddear. but at 11w news arrived thatl the
armistice terms had been accepted by the enemy.

A short account is piven of the operatiens i which the Divisioual
Cavalry took part. It is pointed out that the Divisional Cavalry had a
very great variety of duties to perform it filled gaps in the line at critical
momeites atd also took s share in the trench warlare,  Owing to the
smaller size of the bodies that had to be handled the Divistonal Cavalry
was employed with greator success in the pursuit than was the case with
the larger cavalew lormations,  The patrols sent out by the Divisional
Cavulry often penvtrated deep into tae gaps formed by the retreating
enemy amd constantly harassed the Germans.  These patrols on many
accasions rendered most voldalde services, some of which are recounted
it the origival article. A copy is pnblished of Generul Order No. 681,
Issued by the Commander of the French 1z1st Infantry IHwvision, in which
references ozcur to the part playoed by his Divisional Cavalry doring
the period, August 27th to Sceptember 7th, 1918 ; his thanks and con-
gratulations ave conveyed to the cavalry leaders In this Order.—{¥%
be compinued |

IHE I}EFEAT OF THE GERMAN ARMY.

The original article is by Colonel Feyler @ he draws attention ta the
arlicle which appeared in the number of the Revne for Febroary last
{vide R.E. Journal, May, 191g), wherein mention was made of the dis-
tinction which certain persons desived to make in the character of the
deleat sustiined by the German Army on the Western Frant ;) the
suggestion being that this atmy was defeated morally, but not technically.
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It is stated that recently two important publications bave been issued,
which form an interesting study on the subject of the above controversy.
One af these documents is German and the ather French,

The German decument is a ** White Book,” and consequently an official
publication, Dnit are reproduced the correspendence and the telegraphic
and telephonmic communications which passed between the French
GH.Q and the Berin Government during the period Avgust, 1g14—
November 11th, 1918, The French dooument i5 a pamphlet issued hy
the military authorities entitled @ Powrgnod FAllimagne e Capitils 1
11 Novembre, 1918, and gives a brief aceount of the military operations
during the period, July to Movember, zgrf,

The account given of {he operations on the Western Front in the
publications in gquestion show that setprise remains as important 2
facior in war to-day as ever it was, in spite of Lhe greatly altered con-
ditions intreduced by trench warfare.  The results preduced by surprise
are widened by {he events connected with the Cambrai Battle in the
autumn of 1917 ; the affaiz of the Chemin dez Dames on May 2pth,
1918 ; the breach of the Debropolie on the Balkuus Front on September
15th, 1518 ; and the failnre of the German Crown Prince's uttack in the
Champagne en July rsth, 1918,

At the dute last mentioned the Geninan forces on the Western Front
congisted of 2oy divisions, of which 81 were in reserve ; Bz of the latter
were ' fresh " divisiens. The French GUILGL had been expecting a
new ofiensive ta be launched in July, probubly on the t5th; there were
reasons for supposing that the pext Germap move wonld take place in
the Champagne in the reglon of Rheins o thirty of the German divisicons
in reserve had been located in rear of the secter Chatcau-Thierry -~
the Argonnes. It is now koown that these divisions took part with
ile normal garrison of this seclor in the attack against the French
Positions,

The atiack belag forescen, the German offensive was rapidly brought
to a halt after a partial success @ a few Gorman {roops had suceeeded
in getting across the Marne between Jaulgenne and Dormans, where they
found themselves in a dangerous ** pocket,”

When the French 1oth and $ith Armies delivered their counter-attack
from the Forest of Villers-Cotterets on July 14th, the German Gencral
Staff sheuld have appreciated that it was teo late for their plan to
suceeed, At this date, there were 4o Gerroan divisions in the bend of
the river, and there was only one railwsey ling to supply them; a line
which, in the neighbeurhood of Soissons, paseed within less than nine
miles of the French front.  Foreseeing the possibility of a French attack
from the direction of the Forest of ‘Villers-Cotterets, the Germans had
placed sight divisions in their second line “in the pocket ™ formed in
this part of the Western Front during the mid-Joly offensive. The
provisions made by the Germans in this region proved insafficient : the
counter-attack by the French toth Army took them by surpriseand they
were at a single stroke driven back Deyond the Soissens—Chatean-
Thierty road, which fell into French hands. At the same time, the
Frepch 3th Armny advanced on the cast of the * pocket.”  Three French
Armies, reinforced by the Americans and an Tralian Corps, now made a



2h4 THE ROYAL ENGINEERS JOURNAL, [NovRvBEsR

converging attack on the Germans helding the * pockot,” and the latter
were obliped 1o fall back, slowly it is tme, bat suffering heavy casualties
in order to save their supplics, Thd Germans had planned a second
offensive to take place, abont the same time, in the region of Lille against
the Britich Hucs, but this they were obliged to abandon.

Having thus secured the initlative, the French G H.Q), next planned
opetaticng with the object of reducing the “ pocket ™ N, of Mantdidier.
The task of doing s0 was allotted to the British gth Army and the
French 15t Army; these armies were set in motion on Augnst Sth on
the frant Albari—Moreiul along the Amiens—Roye Road : the Germans
began to withdraw on the 15th fdem.

The German White Beok mentioned ecarlier in this article begins with
the description of the cvents faking place on the Western Front on
August 14th. Om this date, a conference took place at Hindenburg's
Headquatters, then al Spa.  The German Commander-in-Chief was at
this time of vpinion that his army could still held gut, On the other
hane, Buran, the Austro-Hungarian Foredgn Minister, was at this
time propozing that an atternpt should be made to scoure o peace by
compromise . he had suppested that a meeting should be arranged in
some newiral Seale between representatives of the belligerent Powers,

Marshal Foeh's message of August 1:0th to the armies oporating under
his supreme command s recalled ;. he therein stated @ * One hundred
and twenty German Divisions have been heavily enpaged against us since
July r5th; we have to meet a sitnation which will not recny and which
requires us to pot forth all our stresglh and power.” [t was in con-
nection with the Battle in Picardy, ‘which bepan on August 8th, and
conststed of four distinet phases, that Fooh's troops were called upon
{o make their great cffort inally to wrest te victory of the campaign.

The result f the operations that follewed i= snmmed up in the Summary
prepared by the French znd Burcau an September 26th :—Of the 207
divisions which the Germans had in’ July on the Western Front, 163
had taken part in the fighting—74 of the latter hod enpaged twice ot
cven three times,  The German General Staff had been able to recon-
stitute 68 divisions as z reserve, but of thwse only 21 were '" {resh.”
Although the German front had been reduced by 125 miles, they had
still 1o employ the same nomber of divisions in their first line positions
ws on July 15th, owing to the strength of the units and thedr morale
having been so reduced—i5 divisions bad been entirely wiped out,
and in go of ithe remaining divisions the hattalions were feduced o three
companies apicee,

The serivusness of the situation, 25 can be seen by the account given
ine the German White Book, was at last hrought home to the authorities
in Berlin, and this it was that led to the desive on Hertling's part to
TC-HpCh peacs negotiations with President Wilsen @ the Gormans were
nwow preparcd to renounce many of their pretensions,

At the sume time, Marshal Voch fully realized that the Germnan
Armics were in a sufficienily tired ot and disorganized state to justify
one last great effort to break them wp finuily.  Three great converging
attacks were, in consequence, planned and resulted in the Battles of the
Champagne and the Meuse, of Cambrésis and of Flanders.
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It is recorded that Hintze arrived at the German Hewdquariers on
September zgth 5 and the order was given on that day to hoist the while
flag. A telegram was sent to Berlin ut g.40 pin. whercin directions
wird sent fo the Wilhelmstrasse to break the news confidentially to
Vierna and Constantinople that Wilketm 11 intended fo approach
President Wilson to seck peice on the Basis of {he lalter's 14 points.

The telegrams sent at this period fremn the German Headguarters 1o
Berlin indicate thatl the German High Commaned had begnn to lose con-
fidetce in its troops and on Octaber st Ludendori s found urging that
the peace offer must be sent off immediately to Washington, as the
troops could nat he trusted to hold out for leoger than another 43 hours.
However, Prince Max of Baden, who had become Imperial Chancellor,
was not to be hurried D he enguired whedher the military autherities
appreciated the comseguences that might follow ou a demand {or peace
owing tu the wenkuess of the Cennan military situation. Howeyer,
Hindenburg and his Chief-of-Siaff wore fully awarc of the extreme
dangers that the German Army now ran, and, whatever the consequences
might be, they were inststent o their demands for peuce.

The statements compiled from the iniclligence catlected at Marshal
Foch’s G.H.(). show that, between Septeraber 26th and October zorh,
out af 191 German Divisions remaining on the Western Front 139 had
been engaged in the fighting. It had been ascertained, as early as
October 11th, thut 34 German Divisions in the ling had suffered so
heavily a5 to bounfit to take further part in any scrious fghting,  There-
fore, from a pructical point of view, Uw German reserves were wsed up.

tn the other hand, Marshal Foch bad a large number of " fresh ™
troops in hand, and was able to plan oporations for the invasion of
Gietmany.

Mresident Wilsen hiad, on October 5th, replied to the Central Empires”
nreskages and informed them that be did not fecl justified in inteevening
in the military situation.  Telegraphic correspondence  ensueed, bt
Berlin got no satisfaction.  Finally, on Octaber 2pth, Gurmany realised
the complete hopelesstuess of hor position and asked to be informed the
terms o which an Armistice conldl by concluded,  The ferms were made
known to the parlomeniaires sent to Marshal Foch from Hindenbarg's
Headguatters.  Berlin considered the terms extremely severe, and whilst
instructing the parfomenfaires to endeavour to obtain sone relaxation,
informed them that if they were unsuccessful in uil:utaining a modification
of the terms, they must agree (o them ™ in any case,

The reason far Lhis deeision is apparent when the state of the German
Army is realized. By November 1oth, the German divisions on the
Wedtern Front had been reduced from 207 to 187 of the Jatter only
17 Wore in reserve, two alone being * freslh.” At the date of the offensive
in March, 1918, the strongth of @ German infantry company was about
120 men, by July 15th this strength had been reduced 1o between 5o
and go men, and by the beginning of November to 50 men,

The loss in artillery had also been very great. On July 15th the
Germans bad on the Western Front 3,100 fecld batweries—say 12,500
gunp --and 2,150 heavy batterics—say 7,800 guns of all calibres—
comiprising a total of some 20,360 gums, At the heginning of November
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there remained of these but 2 koo Reld batteries and 1,605 heavy
batteries : the loss in guns totailed 6,860 pieces of all calibres.

Colonel Feyler, it conclusion, states that although ne soldier will
refnse’a word of praise to the German Army for the stubbornness with
which it fought, on the other hand, no onc can any longer assert that
it was not completely defeated.

OFFILIAL DINNEERS.

The original article contains u eritictsm of a practice which has come
into uxistence durdng the period of the " War Mobilization ' of holding
" official dinpers.” It would appear that the C.0Ws of cortain units
have been 1 the habit of issuing orders to their subordinates to dine
topether 1 the intention has been to promete good fellowship, but the
result appears to have been far otherwize. Complaint is made that
these entertainments impose a heavy financial burden on the junior
officers, & burden which they are not in a position to bear.

NOTES AND NEWS,

Switzerfand —Two matlers are occupying a considerable amonnt of
attention in nilitary and civilian cirghs in Switzerland @ the proposed .
entry of Switzerland into the League of Nations and that of the Vorarl-
berg into the Helvelion Confederation.  The first question was referred
to the Commission on Natiounal Deicuce, which has repurted favourably
an the propesal ; the Genoan-Swiss officers are, however, opposed to
the scheme on strategic groands.

The Vorarlberg question is still under disenssion in the Press, a certain
section of which scems to be extremely hostile to the incorporation of
this region into Switzerland,  The chief reason for this hestility arlses
from a desire not to increase the proportion of the German element in
the Swiss naen and the number of Roman Catholics in the Republic.
It is pointed out that Switzerland has in the past always been ready to
accept within its fold those who have asked to Ui admitted to member-
ship of the Confederation,

The Revue is in favour of the Verarlberg heing admitied to member-
ship, as the 23rd Canton of the Confederation, provided soitable measares
can be made for dealing with the war debt of this region incurred hy
Austriu,

The death is announced of Colonel Paul Bder, of the Swiss Engineers.
He was better known in Switzerland as a pelitician than as a soldier,
being President of the Vandeis Government at the time of his decease

W. A T O'Meanrs.
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