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Fiero Works (ALl Arwms)

GLOSSSRY OF TERMS

Abats —An obstacle formed of trees or branches of trees picheted 1o
the ground, with their points towards the enemr

Batter —~The slope of the face of anv earthen stone or masonry
structure which 1s not vertical

Daull —A tumber bear, or road bearer of a mlitary bridge

Bay —The distance bridged by one set of baulhs or rotd bearers (see
Fire bay!

Berm ~The distance between the edge of an excavation and the
mound formed of the evcavated earth—in a defence work

Reght —~The portion of a rope used double when the eads are not
avariable

Mitotae —A camp without tents or huts

Borrow-mt —An exeavation from which earth s taken for a part
cular purpose, e g, bislding a breastsor!

DBreastwor] —A defence worh of which the grester portion of its
height 1s nbove ground level

Tutt —The tluck end of a spar

Calibre —~Djameter of the bore of a gun in nches not counting the
depth of the grovves

Camouflage — \ny nrtificzal means employed to deceive the enemy’s
visual or photogriphic observation from the ground or from the air

Cheas —\ speainlly prepared planh which forms the deching of a
pontoon bridge

Cleat —\ small prece of wood fixed to another to form s support or
stap against movcment

Command —The vertical height of the crest of g work abave the
ground level or nbove the crest of a neighbouring work

Communicationr —Roads, railways, waterways and atc routes

Consolidation —VMaking captured ground sccura spawnet attack by
carefal organization of the troops and by provisien of protection



. (aver ~—Conconlment from view or protection from enemy projec-
tile i

Cresf The higheat point of a parapet, usunlly the intervection of
the superinr with the juterior slope,

Dend pround (or water),—Ground or water over which observed or
unob erved fire canuet be brought to bear.

Dead logd A stationary lond which is applied continuously to a
straeture,

Defended pad.—A group of trenclies or organized shell holes, ete.,
aliotted for delence by 8 section of infantry or corresponding unit.

Defrnsted locolity.—An aren of ground organized for defence by x
definite unit, such oo o platoon, company, or hattalion, and consisting
of n sywtom of wutuatly :«upswrtuug defended posts, sited co as to cover
sl ground to the front, flanks and rear of the locality with fire.

Defencive systrm,—Works which comprise the complete erganizavion
of defence.

Drfiladr,—The adjustment of the level, of the erest and Interior of
n work to secure cover for the defenders,

Drpote~* General establishments ’' in which personnel, animals,
supplies, storss or ammunition are held and dealt with in bulk. They
are controlled by G. H., Q.

) tonator.—~A small smount of very high explosive in a container
which can be fired by ignition to explode n charge.

Direet laying.—The method of laying a gun by locking at the target
over or through the siphts.

Dop.—A bar of iron of which the ends are pointed and bent inwards
at right angles—used for Iastening heavy timbers together.

Drift l»olf.—.-\_specinlly made long iron spike, up to 30 inches in
Jength and 1 inch in dinmeter, used for securing heavy timbers together,
particularly members of squared timber trestles.

Dug-out,—An underground chamber or passage.

Dumps.—Small collections of supplies, stores or amnunition accu-
mulated temporarily for some particular purpose.

Embrasure.—~The aperture in the wall of an emplacement through
which a gun fires.

Enfilade firc.—~TFire which sweeps tho position from a flank.

IMield of fire.—An ares of ground which any unit or weapon can cover

with fire.
Fire buy.—A length of trench from which it is intended to deliver

rifle fire.

Forward (or covering) zone.—That portion of a defensive system, in
position warfare, which is in advance of the main zone.

Frame.—A structure used in underground work consisting of a top

sill, bottom sill and two legs.
Frontage.~The extent of ground covered laterally by a body of

troops.
I'rontal fire.—Fire, the line of which is perpendicular to the front

of the target. .
Gap.—With reference to bridging, that portion of a river, canal,
sunken road, ditch or otber obstacle, over which a bridge is made.
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Glaers —The ground round a work within close rifle fire, sometimes
formed artificially A term used to describe an even natural slope

Gradignt —A slope represented by a fraction € g, 130 represents a
rise or fall of one unit measured vertically for every 30 umits measured
horizontally

Grazing fire —Fire which 1s parallel or nearly so to the surface of
the ground

Groundsdl —The bottom member of a frame or sett used 1 work
underground N

Headcorer —Protection against frontal or oblique fire for the heads
of men when firtng over & parapet

Helve —Handle of pick axe or felling az~

High angle fire —Fire delivered from guns and howitzers at angles
exceeding 25°,

Intelligence post —A post occupred by umit, brigade, dwvisional or
corps observers, for watching the enemy and ground on their front

Keep —A work within the system of defence of 1 defended locnlity,
and distinet from it Commanding o field of fire wmithan the outer
defences with & view to assisting in their recapture 1n case of need

Lead —Pronounced LEED Any wire used to convey an electric
current

Irve load —A load which 15 suddenly apphed to a structure or part
of a structure with an 1mpact producing stresses 1n excess of those due
10 ats weight when at rest {see Dead load)

Look out post (L O P)-~—A post from which the progress of the
battle can be watched

Man zone —That portion of a defensive system, in_position warfare,
1n which the commander decides to fight out the battle, and break the
<enemy’s attach

Oblique fire —Firve, the line of which 13 inclined to the front of the
target

Obseriation post —A position whence the fire of o battery or a smaller
unit of artillerv 1s observed, corrected and controlled

QOcerliead cover —Protection by mens of a roof, agnnst splinters,
shells or hombe

Parades —A bank of earth cinstructed to give protection ~gainst
reverse fire, and the back burst of lugh esplosive shells

I'art s —Collectsons of personnel, animnals supplies, stores or ammu
miion placed by G 11 Q nt the dlspoml of subordinate commanders
Administrateire records are hept of receipts and 1ssues

Prirtes (except artidlery) —\ specially prepared nature of lugh ex
plosive nhich acts as the medium of detonation between the detonator
and the demolition charge

Iiofile —The outline of the section of a work at right anglcs to the
crest hine

I ar ponfion —% separate defensive systern some miles 1n rear of
the leahag eysten which cam be occupie 1 i the event of the leadiny
svstan bong captured by Lhe enemy



Leedeahte oA €l work entively enelo ol by o parapet giving all-
rannd fire,

Binfe =X panty of pen who oreoon duty or whe worl: for a given
Jorpeth of e, Thix vord is wed eolloquially to express the length of
titne for v hich the party vorke

RetremBwmopt A rytem ot trenches cited to form a second, though
not neee oty nocepatate, line of defence, usually to reduce the number
of rifte< roquirad in the front line,

Hvverer fre -Five direeted neaiust the rear of thoe pesition. A line
of troaps or detener o ths attacked, is «aid to be ** taken in reverse,”

Rar gur.~ A parapet compa ol of dey-built <tone wall.

Sunitation.~The practical application of certain well-established
Iav . wath resard to the preservittion of health and the prevention of
i nae,

Sap.--A trench dug by men vorking at the bottom and constantly
estending the end townrds the enemy.

Serim—A Nieht, coarse, very open-meshed canvas materisl,

Seasching pows r—=The power of a projectile to reach a target hehind
cover: it varie with the range of the weapon, the slope of the ground
and the angle of desernt of the projectile,

Sett N\ torm used by miners for frame or caze,

Shelts r—M\ voofed area mving cover from weather, splinters, or
shells, -

SI(;{H‘ -

Intcrior.~The inner slope of a parapet extending from the crest to
the fire step.

Frle riar.—~The outer <lape of the parapet from the exterior crest
tn the gronnd level,

Suprriur—The slope of top of the parapet immediately in front of
ibn crest.

Span.~The horizontal distance between the supports of a bridge.
1 hee gcngth of a bridge from shore to shore is called the total span.
Spike.—A large nail of heavy section from 5 inches to 10 inches long.

Spiflocl:.—To mark out a linc on the ground with the point of a

pick-axe.
Spoil.—The material resulting from any excavations.

Spreader.—A picce of rimber nailed along the to¥ sill or ground sill
of a mining framo to prevent the sides from being forced inwards.

Tactical locality.—An area of ground (e.g., spur, wood, village, etc.),
which from its nature or from its position is of particular tactical im-
portance, the capture of which by the attack would cause loss of ** obser-
vation ’ or of neighbouring ground, or would provide a covered approach
into the position, or would 3n - ways, facilitate the further prose-
cution of the attack. Such will usually be chosen as the site

of a ‘¢ defended locality.”
Tanl:odrome.—A place P -

Tasl:s.—The amount of "
men, during - relief.
Trace. ‘Yine of

-

arty of
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Traterse —A buttress of earth provided between two adjacent por
tions of a fire or communication trench for protection against enfilade
or oblique fire, and to localize the effect of shell bursts

Templet —A pattern, guide or model used to indicate the skape any
prece of work 1s to assume When fimished, e g, wood Inths natled together
to outline the section of a trench or parapet used to chech the accuracy
of tho work

Topsill —The top member of a frame, sett or case used m work
anderground

Transom —A transverse bearer or support on which the banlks or
rond betrers of a bridge rest

Trenails —Pegs of hard wood used for jointing heavy timbers instead
of dogs or spikes

INTRODUCTION
- “ements of the science of engin
eld cannot hive move or fight
eral arms of the service mum at
he soldigr to fight, so this book
 the leader to direct and the
wr, which 1s required to carry
o‘lementary
The subject has been dnided nto five prinapal parts, or which a
general hnowledgo 18 most necessary in war, namely -—

1 Theld fortsfication
1n Bridging
ut Accommodation
1 Commumeations
v Demolitions
Part [—Fiold fortificaticn.—Iias been arranged to give a graduated
courso of instruction It bo;ims with tho definition and genernl prin-

ciples of field fortificatson, then, passing through truning in the wse
of tools and materials, the orgamzatipn of working parties and their

¢ uce of the field

. ciples nnd orgam-
. ous conditions of
the actual defen-

. the general prin.
. stauy el

Part I1—Bridging,—Includes the use of ropes and spars and the
details_of * light * btld(fs Tho necessity for caleulation has been
avoided as far as possible by giving standard examples of these bridges.
Tho more techmenl information on this subject 3s given in Mihtary
Engwneering, Vol I1I
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Part ITI—Accommodation.—Is devoted fo the construction in camp
or trenches of all shelters and dug-outs, including cooking and sanitary
-accessories. ]

Part IV—Communications.—Deals with tracks, roads and tramways,
and the information is confined to that which would he required for
work in the more forward areas. )

Part V—Demoalitions.—Includes the use of the common explosives
supplied for use in the field. Accidents have occurrdd in the past
which have been due to ignorance and the mistaken idea that -any
work which involves the use of explosives is the prerogative of experts.
All ranks must be trained in handling the many and various explosives
used by all arms.

Further information on the above subjects can be found in Military
Engineering, Vols. I to IX.

Night work.—No special notes have been given as regards work at
night. . It must be recognized that work at might in the forward area
is the rule and not the exception, and that both officers and-men require
the most careful training, to ensure that loss of time and waste of
Jabour are reduced to a minimum. When, therefore, men have been
saught the use of tools and how to file on to their work, the majority
of the training should be done at night.




Chapter I. Section 1. 7
PART I.—FIELD FORTIFICATION

CHAPTER I

GENERAL PRINCIPLES O FICLD FORTIFICATION
1. Definmtions

1 Field fortification ncludes all measures taken to strengthen o
position by means of works constructed in the face of the eremy, or 1
anticipation of his immediate approach to the scene of action

These works are called field works or field defences

2 The main objects of field defences are —

1 To develop to the utmost the power and effect of the defender’s
weapons This will normally be effected by putting the
defender 1n o position whence he can use them freely, and
where the attacher will be exposed to them for as long a time
as possible,

1 To restrict to the greatest possible extent the effect of the
attacker’s werpons This 1s normally effected by protecting
the defender from them, thereby reducing casualtics,

with the goneral effect that, by shilful use of ficld defences combined with
fire effect, o commander may be able to reduce the strength of his force
an actual combat with the enemy to s mimmum, and thus to form a
reserve for the decisive action either in his own sector or for transfer to
some other part of the theatre of war The stronger the defences, and
the more work put into their construction, the greater will be the
economy of strength in holding them

3 Although field d P a def de Tocally,

they play a most important part in nll offensive operations, and 1n this
connection they must be most carefully studied

Whether on the offensive or defensive, 1t must be remembered that
tho gmding principle remains the same, nzmely, that the defences are tor
be constructed to conform with the tactical plan of operations and that
they are only a means to an end and not an end 1n themselves

4 The following constderations should be borne in mind when pre-
paring field defences —

1 Work should proceed on a defimite programme and should be
undertahen by stages, so arranged that in case of interrup-
tion what has been done will be of value

u Surprise 13 of p mmportanco, Imgnt must there-
are be considered from the outset Tt 1s useless to conceal
M G _emplacements or the hmts of defended posts bv
camouflage, dummy works etc, after the enemy has had an
opportumty of photographing them

1t Econemv of Iahour  Fighting troops will have to be employed.
but parties must bo kept at & mimmum
1 Value of task work
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Part III—Accommodation.—Is devoted to the construction in camp
or trenches of all shelters and dug-outs, including cooking and sanitary
-accessories.

Part IV—Communications.—Deals with tracks, roads and tramways,
and the information is confined to that which would be required for
work in the more forward areas.

Part V—Demolitions.—Includes the use of the common explosives
supplied for use in the field. Accidents have occurrdéd in the past
which have been due to ignorance and the mistaken idea that any
work which involves the use of explosives is the prerogative of experts.
All ranks must be trained in handling the many and various explosives
used by all arms,.

Further information on the above subjects can be found in Military
Engineering, Vols. T to IX,

Night work.—No special notes have been given as regards work at
might. . It must be recognized that work at night in the forward area
is the rule and not the exception, and that both officers and-men require
the most careful training, to ensure that loss of time and waste of
labour are reduced to a minimum. When, therefore, men have been
zaught the use of tools and how to file on to their work, the majority
of the training should be done at night.
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7
PART I.—FIELD FORTIFICATION
CHAPIER I
GENERAL PRINCIPLES O1 FIELD FORTIFICATION
1 Definstions
1 Field for ludes all tahen to strengthen o

position by means of works constructed in tho face of the enemy, or in
anticipation of his immediate approach to the scene of action

These works are called field works or field defences

2 The main objccts of field defences are —

1 To develop to the utmost the power and effect of the defender’s.
weapons This will normally bo effected by putting the
dofender 1n 8 position whence he can use them freely, and
where the attacher will be exposed to them for as Jong a time
23 possible,

u To restrict to the grestest possible cxtent the effect of the
attacher’s newpons This 15 normslly effected by protecting
the defender from them, thereby reducing casualties,

with the general effect that, by shilful use of ficld defences combined with
fire effect, a commander may be able to reduce the strength of his force
an actual combat with the enemy to a rummum, and thus to form a
reserve for the decistve nction ether in lus own sector or for transfer to
some other part of the theatro of war The stronger tho defences, and
the more work put inte therr construction, the greater will be the
economy of strength in holding them
3 Although field def pr a defensiv de “locslly,
they plas a most 1mportant part 1n all offensive operations, and 1n this
connection they must be most carcfully studied
Whether on the or def , 1t must be bhered that
the gurding principlo remains the same, namely, that tho defences are to
be constructed to conform with tho tactical plan of oporations and that
they are only a means to an end and not an cnd 1n themselves
4 The following considerations should be borne 1n mnd when pre-
paring field defences —
1t Work should proceed on a definite programme and should be
undertabken bv stages, so arranged that in case of interrup-
tion what has been done will be of value
#t Burprise 1s of paramount importance, conceslmgnt must there-
fore be considered from the outset It 19 useless to conceal
I G emplacements or the hmits of defended posts by
camouflage, dummy worh‘ ete after the enemy has had ap
opportumty of photographing them
ut Feanome of labour  Fighting troops mill hare to be emploved
tut parties must be kept at a mimmum.
v Value of task work
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v 0L 1o wetl fo he Lept in vicw,
vio lnportenee of cominuity of control, since the handing over of
vork i progre from oun nmt 1o another cames lo-s of
efhepncy,
viie Dapottooee of enpinecr roesunaioance nnd of early anticipation
ol requitements in miterial and lobour,
viti, Comprrative ofliciency of lahour nnder varving conditions (i.c.,
night work awd day work, long and short spells, wenring of
Lox re.prator,, ote),

Fiell defenees are of two elaswes =
Hasty.
Ddliberate,

6. Hasty defences are mnade actually on the battleficld, by thn attack-
i trenpy, to secure the ground they have taken Gee .Srr. 70, 7, 1. 8. R,
Vol, 11, 1924y; or by the defender to hold up the progress of the enemy,
while tre<h xlnpn ttions of troops nre being made In redar.,

The de-ign of hasty defences follows generally the rules laid down for
deliberate works, but the conditions under shich they are made do not
allow the came aceuracy of line, dinensions, cte., to be maintained.

The nim ot o commander who has been ordmod to make pood the
groumd e holds, 15 to got s men under cover in the quickest possible
way.

In nn encounter hattle the tools availahble will he such entrenching
tools v it may be possible to bring up during the night., Tho amount of
digging which cen be done is comparatively small, so that to get the
protection regaired every use must he made of the cover which actually
cxiets on the hattlefield,

This ecover may consist of hedges, walls, buildings, banks, sunken
roads, railwav embankments and cuttings, woods and shell- holes. All
ot these are encily convertible into strong defences if intelligently treat-
ed; they have all played important parts in battles. and it has heen
proved that troops well trained in adapting natural cover to defence
are extremely difhicult to eject when once they have dug themselves in.

The works are deseribed in detail in Chapters VI, VII, VIIT and IX.

-

7. Deliberate field defences.—Under this head come all defences which

are not included under hasty defenzes, but which are not so imposing

as to he ealled permanent fortifications, The only considerations which

limit their scope are:— -
i. The time, material and labour available,

ii. The industry and skill of that labour.

iii. The ability of the enemy to interfere with their construction.

Deliberate field defences would be employed in:—
. The gtadual development of a defensive system, when once the
opportunity of manouvre has ceased.

if. The Iater stages of consolidating an objective taken during the
period of position warfare.

iii. The preparation of rear defensive systems.
They are deseribed in detail in Chapters V, VI, VII, VIII and IX.
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2. Effect of modern v ar equiprient on the design of field fortifications

In order that field fortifications mav be designed to the best advan
tage, 1t is necessary to study the characteristres of the varscus forns of
war equipment which mav be used gt them

The power and nature of the equipment employed affect the design of
field fortifications in two ways —

1 The range, rate of fire and radius of activity mfluence the siting
of the works and obstacles

n Their penetrations searchung pomer and destructive effect
govern the arount, disposition and pature of the protection
necessary for secunty

3 Rufles, hght au!omantv and trachine guns

T ma epa v

70 vards
- slope of
i - 1/30 at

The following table gives the maximum penetration of a single
pointed nfle bullet 1nto various materials It does not allow for a
number of bullets itting on or near the same spot  To be bullet-proof
under service conditions the thickness of Il matenals such as esrth or
:h;ﬁxgle, must be about 50 per cent gre~ter than that given in the
able —

Max mum
Mater a2t pe e ‘ Pemarks
waton |
Incher 1 .
teel pla s 6 iosry il |
wro
enpea 6 oLl zerthan ineh rog gaoe
Coel hard | 9 Patween 1 loch
Goat, vl eben 15 | Betneen | loeh boreds
‘work Cement mortar

I kwerk Loemorar 1 !\\nh od brf Ks=18 inches
mnd confin ed Delwee,

Yosedsyor 0 windbage " 15 4r7 402 or desest sand b1 mav be reduced to
Sand Todre By hyh

b free

orearmeyy e s hapn g earth redaecn [ts rosfotlng power
Bamn tlebe,

“I'Almd,c,,nx} = Tniimber 1le penet-ationis maeh 1 2 4n

Inga than fn ¢ a (K, owing toth d!ﬂfﬂlon o!
Scftocd,eq tr % e teler but esre o benaten 10 41
ceses
Green -

Tors 1~ oches dlameter

4

It
Tors 4 10 6 fsches
.m-..!n ®

w

) Tarkes grest e Thinba razhiemf v ressre ay
Lryynetor peat
Erow ,

138

Varcupresty 31 otof moamed {10z n onow we l
eonsold atel wihwaer «[1 3 0p 8 1u et, but

the yoser of resittance will deerenac as the

te 1erito ¢ viees 8t $0= urmramed has
1 € Jower Of reafrtance,
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2, Light automatic and machine-gun fire is a concentrated form of
rifle fire, capable of being directed with great accuracy on to a small
area, Tt can also be traversed when a less concentrated stream of bullets
will be delivered against a target, such as a trench or a line of troops
in the open. TIn this way it can be used to support an attack by keeping
down the heads of firers in a trench. Machine guns can be used'to fire
indirect, that is from behind cover, the fire being directed generally with
the aid of maps. .

The machine-gun attack from aeroplanes will take form of direct fire
at point blank range, and the rule of slope of trajectory will not apply
in this case. /

At ranges beyvond 300+yards the penetration of light automatic and
machine-gun fire may be taken to be equal to that of concentrated rifle
fire. At distances under 300 yards, owing to the cumulative and shatter-
ing effect produced by a number of shots striking rapidly in succession
over a small area, penetration is effected more rapidly and with fewer
number of rounds than by rifle fire.

4. Artillery.
1. The natures of artillery, any or all of which may accompany an
army in the field, consist of guns, howitzers and mortars.

Detaijls of guns and howitzers and their classification are as
follows : ~—
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2. Light automatic and machine-gun fire is o concentrated form of
riths fine, ecapable or heing directed with great accuracy on to a small
nreas It oan adso be traversied when a less eoncentrated tream of hullets
will b delivered ngainat o target, sach as o trench or a line of troops
in the open, Inthis wayx it ean be used to support nn attack by keeping
douwn the hewds of firers in o trench. Machine puns ean be used to fire
inndivect, that i< from hehind cover, the fire being direeted generally with
the aid of maps, s

Tio machine-gun attack from aeroplanes will take form of direct fire
af point bank range, and the rule of slope of trajectory will not appiy
in tis casn,

At runges bovond 390 vards the penstration of light automatic and
psachine.zun five may be taken to he equal to that of concentrated rifle
fite, St distances undoer 300 yards, owing to the cumulative and shatter-
tny edfeet produced by o number of shote striking rapidly in succession
over o osmall area, penstration v effected wore rapidly and with fewer
number of round« thun by rifle fire,

&, Artillrry.
1. The natures of artillery, nny or all of which may accompany an
army in the field, consist of guns, howitzers and mortars.,
Details of guns and  howitzers and  their classification are as
follows :~—
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2. The principal characteristics of *' guns' are their high muzzle
velocity, which permits them to fire at long ranges; the fiatness of the
trajectory of their shells which, when using shrapnel, gives deep search-
ing effect; and, in the case.of light artillery, the rapidity of their fire.

Pack guns (2:75-in.) sre peculiarly suited to broken, hilly country
and are comparatively easily concealed on the move. They are suitable
for close suppfort of infantry.

Horse Artillery guns (13-pr.) are a very mobile form of artillery and
are primarily intended for use with cavalry. They may, however, also
belgmployed to support the combined action of other arms, similarly to
fie uns,

Fi%ld guns (18-pr.) are heavier than horse artillery and have greater
shell power ; they form the bulk of the artillery with a force. Their prin-
cipal task is to assist the infantry to close with the enemy. They are
specially suited for covering fire, repelling attacks in the open and
raking communications, and for wire cutting when howitzers and
mortars are not available. They are the most effective artillery anti-
tank defence weapon.

Anti-aircraft guns (3-in. 20-cwt.) are less mobile than field artillery.
They are provided for protection against enemy air activity and may, in
an emergency, be used against tanks.

Medium guns (G0 pr.) are eplployed in counter-battery worl, for
raking cominunications and covering fire beyond the range of light guns.

Heavy (G-in.) and super heavy guns (9-2-in. and upwards) are used
for raking distant communications and for shelling camps, dumps,
railway stations, etc., beyond the range of other artillery, and for loug
range counter-battery work. 6-in, guns are especially useful against
balloons.

3. The principal characteristics ot ‘‘ howitzers *’ are high trajectory,
comparatively low muzzle velocity and great shell power.

As compared with guns, they can be placed in positions offering
greater opportunity for concealment and cover from shell fire.

They are especially adapted for the destruction of strong works and
for engaging entrenched troops and batteries, With instantaneous
fuzes, they are very effective against troops in the open and for haras
sing fire.

Howitzers have less range than guns of a similar shell power but are
more mobile and more easily concealed.

Pack howitzers (3-7-in.) are particularly useful for the close support
of infantry and also for anti-tank defence. .

Field howitzers (4:5-in.) are employed for covering fire in attack and
defence, for wire cutting, for smoke screens, for bombarding weaker
defences and ill-protected batteries and for counter-battery work 1n
mobile warfare. .

Medium howitzers (6-in.) are used for covering fire, for wire-cutting
and the destruction of defences and the neutralization of hostile
batteries. They are particularly suitable for counter-battery worlk 1n
mobile warfare.

Heavy (8-in. and 9-2-in.) and super heavy howitzers (12-in. and up:
wards) are employed in counter-battery work against batteries provide
with good cover and in the destruction of strong defences.

4. The principal characteristic of ‘‘mortars’’ is their power of
developing destructive and accurate fire at short ranges. .

Their utility is restricted not only by their range but also by difficul-
ties of ammunition supply. They can therefore be used only under the
conditions of position warfare.
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5 Shells consist of fame shrapnel shell, high explosive shell azd
specral shell.

They are classified thus —
—_
Natore 1 Firedby | Actlon ' Erpormet.

——— e ——
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Sections &'& 5.

Nature, ,! Fired by Artion, Employment,
1
H, E. sholl with, All natures , | The shell has twe actions,
delay fuze, depending on the angle of
impact and the surface of the
groand,
i, Rieschet effect guns only.— | Agninst troops in trenches,

1f the shell r-cochets into the
alr during the tune of burning
of tue ze, the shell will
burst in the air; fragments fly
Interally and = downwards.
Concussion effect is good..
Nocrater, Burst may be as
far a+ 70 yards from the point
of impact, and 30 feet, or
mora, in the air,

] t
| i
; [li. ““ Burst after pencieation *!

effect. -The shell buries itself
and bursts under the ground,
Subterranean crater is pro-

l duced with ¢oncussion effect.
»

propared shell-holes and sunken

roads 3 against the personnel of

shielded guns and for covering

fire or varrages with light

artillery at ranges not exceed-,
ing 4,500 yards.

Against strongly protected field
works and permanent fortifica~
tions,

neengdiary shall

I e vhell is rimilar in action to
time gnrapnel, eseept that in
place of bullets it 1s filled with
dises or short cylinders which,
on being igmted by the
bursting charge ot the shell,
are projected forward as a
shower of flaming ** stars.”

To sct bnildings, farms, hagu'
ricks, ete,, on tire and to bur
crops ar undergrowth,

Star sheli . Light  and
medinm
artillery.

.}

S

i, Shrapnel type.—The con-
struction is similar to that of
an  incendiwy shell, When
the shell bursts the burnin
stars are projected and fall
to the ground

ii. Parachute type.—In this type
the case contains a single star
attachel to a parachute,
\When ¢ he shell bursts the base
is blown offy the star falls out
and ignites and the parachunte
ofening, sinks slowly to the
ground. .

For lighting up ground.

Smoke shell Light artil-

lery.

When the fuze strikes the
groungd it detonates the burst-
ing chargo, breaking ap the
ghell, igniting and scattering
the chemical contents. The
ignition of the tilling produses
dense olouds of smoke.

To increase the screening effect
of a creeping barrage, to mask,
hostile fire and deny obscrva-
tion to the enemy,

! 5. Gas, smoke, mines, tanks and aeroplanes.

1. Gas.—The design of defences will be affected only in regard

to the

' sites selected for the trenches and in the accessories of trenches. It hgs

I3
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been found that trenches in woods and 1n the bottom of vallevs are
particularlv affected bv gas bombardments the same applies to villages
which have not been totally destroyed The protection of dug outs
against gas 18 effected by means of curtmins the details of which are
described 1n Sec 66

2 Smoke can be produced in the form of a cloud from projectors
smohe cases candles rifle grenades tanks and aireraft or by 4 concen
trated bombardment by artillery or mortars using smoke shell It 13
used to cover movement and to effect surprise It cin be used to screen
the movement of troops, working parties etc (s¢e Vianual on the Use
of Smoke, 1923)

3 Mines —These influence the desizn of 1 trench svstem in the pron1
«ion of special dug onts for hsteraing arrangements for shaft heads et
hine warfare 1s dealt wath in Aihtary Engineering Vol IV

4 Tanks —Tanks influence the design in_the prowision of emplace-
ments of guns, machine guns and mortars to destroy them and obstacles
to hold them up or the infantry accompanving them under fire Th~
detuls of these measures are discusced under their own hendings

5 Aeroplanes —The nature of attack by aeroplanes on troops orru
tying trenches will generally be machine-gun fire from low filving aera
plines They will use every endeavour to increase the effect of theim
attach by surprise by diving rapidly from a height or by swooping
saddenls over the skvline where the field of view 15 hnuted Protectio:
aganst this form of attack can only be afforded by shelters sht trenches
as described 1n Sec 83 2 or deep fire trenches with deep traverses

In specil cases bombs may be used the protection ngainst thece
would be simlar to that agmnst artillery fire Otherwise aeroplane
atta IR RV S i -
stra .
dom . .
deep .t ‘

derinl bombs vary in weight from 25 lbs up to 660 lb< or even
hearier Thev can be fitted with erther an instantaneous or a delav
action fuze When fitted with an instantaneous fure they are intended
for use agmnst personnel Splinters from these bombe fiv very hori-
tontally and thev have a powerful man killing effect A splinter from
< G60-1b bomb has penetrated s 14 1nch brick wall  The erater formed
s generally shallose

.. . PLIE S S o

4 anches of rood concrete

<p) .
plinters from bomba flv ver r effect
ran be hmmted by traverses of can be
Fen in this war ta troops tn wpitale
o0l to horses 1n stables  The

A 2unch brich wall o a rever 11 stop

1 s
m’!;:ﬂrn from tombs hitherto used sgminst troops n campx or horee
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CHAPTER 11
TOOLS AND MATERTALS

8. T'ools.

L. Prery soldier must baable equally to march, to fight and to dig,
and in erder that he may dig efliciently enreful training is mecessary in
e rorreet mothode of using the tonls available,

2 '!‘iw‘tonls generally uend in ficld fortifieation are prouped under
e tallowing hends 1 —

Lintrenching tools,
Cuttiyg tools.

2. Entrenching tools.—These zre the pickaxe, the shovel, the spade
anmd the crowbar,

The most important are the pickaxe and shovel; to ohtain a satis-
factory result with them, men must be trained in their use as methoa-
eally and thoroughly as they are {rained to use a rifle. To dbtain the
hest value out of these tools, they must he kept ¢harp and clean.

The abject of <uch training in the correct use of pick and shovel is te
ensure the maximum output of work with the minimum of labour and
fatizmue to the digrer, The picl: and shovel drill best caleulated to
nchieve thisc recnlt ic <ot out below, Tt has heen evolved as the result of
a comprehensive series of experiments,

While being tiained, men must not be allowed to dig except under
proper instruction, so that they may_acquire the correct action from
the «tart. and exercice the rizht muscles. They must be taught to use
the pick and shovel with either hand leading, in order that they may
he able ta get ont and throw the earth on cither side of a trench. with-
out changing position. and to work their tacks from front to rear tn
avoid rick of injuring their neighhours.

The pickaxe is intended for Inosening soil ; the pointed end is for use
in hard, the chicel end in soft ground,

Tor safety in trench work. especially at night, the pick nrust be used
working front to rear. Should the trench he too narrow ‘to use the pick
in this wayv, picking will be done from the left of the task.

The shovel is the tool for clearing away the soil loosened by the
pick.

1. €Tools are issued from stores as follows:—

i. No fime for preparation.—Picks and shovels are stacked ‘in
sepavate heaps divided hy a narrow passage, through which
the men. with rifles slung, pass in single file taking up a pick,
with the left hand and a shovel in the right.

ii. Time for preparation.—Tools are laid out in sets, at one pace
interval. shovel on the right, handles 18. ins. apart; irons of
hoth to the front, point of shovel blade in line with the pick
head. Those for the rear rank at three paces disvance.

5. Falling in with Tools.—Men will fall in with rifles stung and tools

at the trail, pick in the left hand. shovel in the right, irons of both lto
the front, point of pick downwards and face of shovel blade inwards.
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§ * Grouny Toora’ —Tal o a short j ace forward with the left faot,
bepd down and plice the tools quietly on the ground irans of both to
the front pick on the left <hovel on the night faco dovnsnrds pomnt
of shore} birde 1 hmo math the ek head  The loft hand to be three
wches 1n fremd of left too as 1t places the piek on the ground Then
return smartly to the positton of attentson k1)

7 ¢ Tarr ir Toors —Tale 1 short g ace forward v ith the left foot
hend down tal e up tools and return to the postion of attention tools
nt the trad

& Furmngs —Drop the Jead of th p k 158 ruse the shove! blade
turn 13 ordered wnd brang the tools back to the trad I n file at close
erder the handles shoull be allowed to splay outwards

9 rorming fours —~Lrh man wifl act ax ~bove and the left files
move as m squad dntl ench man heepng s tools i the vertieal post
tion wntil fhe commind ' Bronir  or  Lerr s given

10 Marching ~ Men <heild he evermsed in marching with fonls
furmng on the march formmng fours ete 1in order that they mny learn
to handle the tools quietly

Then marching af ease tools may be carrred on the shonlder
11 Picking—~Right Hand Forward; Right Foot Forward

Ready —~Turn h1F left and cnrry off right foot to right Bodv
evenly balanced on both feet Pick horizontal i front of
tody  Doth arms loose  Right hind bout 4w From prck
herd  Left hand at small end of helve

Barse —Frx eyes on pomnt to bo struch  Rase pick over right
shoulder, heeping right upper wvm horizontal centre of pick
dircetly over right c<houlder left arm shightlv bent across
front of body  Right hand moves shightly towards left werght
of body on rear foot {Plate 1)

Sl e Pt aa b tawn

L]
. H
ouag e -
Rread ~Farce emall end af helve np;-'xrde and mave foreeard hand
towards prchhead (Plate 2)

Ral e ~Rake the loosened earth towards feet by pulling prek back
with both hands  Weight of bodv on rc1rrio':)t (‘I‘ﬁnlz-,i) "

Rarse —Strmghten the forward knee and trupk and eontinue 1
necessary the “ Rake ' mav bo repeated hefore ¢ Pae * he
earrsing the pick formard and ra¥onge

The dnll 1o continned by the repetit. ommands
o R el b g St of e com
1w wmpartant o teach & regular rhythm And the rate shomil be
from 93 to 0 atroker a mminutte for periods of from 3 10 30
tecondy followed by n short panse, darng whieh af at as
deured tn rontinue work with the shovel, the ek wll b
grounded and the shavel taken up

Pleking —Lelt haad forwsed- lett foat forward ~The pastion ol =~
Teet and hande and the setian are recerced A
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1]
12. Shovelling.—Right-handed. For Throwing to Left and Front,

Ready.~—Turn half right and advance left foot to left near loosened
earth. Body balanced on both feet. Right hand on “T”
with thumb round. Left hand grasping bend of shovel, palm

- A}

up.

Swing and Fill.—Swing shovel back with weight of body on rear
foot. Left arm straight and left hand near right knee.
ng%lt arm bent to incline shovel towards base of loosened
earth. Swing body and shovel forward so that the pan slides
along base, bending left knee, weight of body behind thrust.

Handle Low.—Depress *“ T '’ piece of helve to free shovel load from
pile of earth (Plate 3).

Swing and Throw.—Swing shovel backwards just clear of ground
until pan is over right toe. Weight of body on rear foot
{Plate 4).

Cast the load away by a forward upward and slightly lateral
swing, bringing weight on forward foot, left arm straighv,
shovel sliding slightly through forward hand, right arm
d}ilrecting shovel, the body straightened according to height of
throw. b

Aids.—For heavy soil or rough base. Place left knee-against left
forearm and the inside of right thigh just above the knee
against the back of right hand. Bend both knees with s
e}rouching movement and bring the weight of body behind the
thrust.

The drill is continued in quick time by the repetition of the
commands “ Swing and Fill’ * Handle Low,” * Swing and
Throw.” It is important to teach a regular rhythm and the
rate should be from 18 to 20 throws a minute without aids,
and 16 to 18 with aids. The period should be from 15 to 30
seconds, followed by a short pause, during which, if it is
desired to continue work with the pick, the shovel will be
grounded and the pick taken up.

Shovelling Left-handed. For throwing to Right and Front.—The
. position of feet and hands and action are reversed.

In shovelling, men must be taught to slide the shovel under the edge
of the loose earth, which must, if necessary, be scraped together before
the shovel is filled. Unless a clear base is maintained on which to stand
and along which to slide the shovel, work will be hampered, loose earth
will be trodden in and much of the pick work will be wasted.

Nores.—Rest Pauses.—During a long task, systematic pauses should
be taken, i.e., 8 minutes’ work followed by 2 minutes’ rest, with 5
minutes’ work followed by 5 minutes’ rest for the last 10 minutes of each
hour.

Average work of 4 hours’ task, 25 cub. ft. an hour.

Average shovel load, 10 lbs. L.

18. The spade is used for cutting sods and trimming slopes.

14. The crowbar has many uses; all ranks should be instructed in its
qse as a common lever for raising weights.

15. Cutting tools.—The service cutting tools_are the felling-axe,
hand-axe, bill ‘hook, cross-cut saw, hand saw, and folding saw.

The felling-axe, cross-cut and folding saws, are used for felling; the
thand-axe, bill hook and hand saw for clearing brushwood, hedges, etc.,
and for trimming. . .

The felling-axe can be used with effect only by a man trained to use
it. An axe in the hands of,an unskilled man is a source of danger to

#imself and his neighbours.
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The cross-cut Saw 1s safer, easier and quicker 1 the hands of men
unshilled ¥n the use of the axe und 15 worked by two men who pull the
Baw (n turn deross the tumber  No pushing s required  When used
for felling, wedges are required to prevent the saw from jammung

Where cutting tools are 1n use means to keep them sharp must be
provided, e g , grindstones, saw sets, files and homing stones

« 16 Other toals 11 commort use, Mauls, sledge hammers, augess and
Ifield Tevels Afen revwire practics wath these to get the best vaiue out

of them  * full arm swing
Augers m whieh they are
worhed so 1s deseribed 1n
Sec T4, 2

7 Materals

1 A lList of materinls commonly wused in the construction of field
defences 33 guen n Appendix VII, and their use 13 described 1n
Chapter YX. The characteristics of some of the more common matertaly
are given 1n the following parsgraphs

T e 4w § Gala

only at tho slope of excavated earth  Alternaie 1tusb utu v K
particular]y destructive to earth slopes

Excavated earth stands raturally at a slope of abont 1/1t0 23 To
wmahe earth stand at o stesper slope, 1t fnust be revetted (Sec 66) The
weight of earth varies from about &0 Ibs to 100 1bs o cubie foot

. e * - % ™+ but cause damage from sphinters

v varbillerv fire  In countries where

yuld defences of loose stone walls

. oot . = \ly the largest stones which ¢an be
bandled should be Used W1 suv s . (2ee See $7, D)

4 80ds wre piecas of turf cut 18 by 9 by 43 inches, they ars used
for revetting and are used Ithe bricks in brichwork -

The hest tools to cut sods ate spades, the worst are shavels as therr
blades are curved and it 1s, theretore, dificult to cut the edge of the
sods square  The use of hand-aves for cutting sods 1s to be depreeated as
1t destroys their edpo

5 Timber in round logs, squared beams, scantlings or plinks 15 used
0 pearly every detal d  wit! g g2 such as shelters,
bomb-proofs, gun platforms, stockades, bridges, huts, etc

Bofora folling timber, the trecs shonld be carefully inspected to see
tiat the most smitablo are taken for the purpose, and \.hep?lc)rvct\cn w
;:nzcgyﬂ:::\:rful‘(n fall :ho;xl(d be r.i:mi‘l(ully planned, <o that time 18 not

1, !
bace Sty at d;edu hore which are standing, or on those whick
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Tateilp 1o o fs;. s teapured direction, ent inta it as far as the centre
ot e e vhibohoar e pequired o tabl, Then vtrain it in that
gire Lren g foe o ol s rope and finishoff by nocat on the opposite side
nedne hchedr ugs,

hz:zomt . I~ Jtred for poaedmaline, hutting snd  revetding,
froho ok Spae boehe-teut nnd haesl are the mo.t cnitable
‘ v bostarsut when the heof ooaft, 10 Jhould be cut as low
[IETSEN PR TN 1) thive,

4 A
Sk el gt s be talen that L -qusre gword. of brush

fop B Paneh divnac e phe up three G 8 wsran toade,

Teobrwbnon§ b to be enetied any distancs it chould he tied ints
beardle | sonsdune sbout S b I anthine ol i avatlable thewe qeav
Be Bomnad wivh phesbhe rod ealled *f withen,” which thaedd e well beaten

prod typted Wfare w0 iPlats B, ipe, 1T snd 91 Bera-hwood can be
terede up dnte fnscines or hardle |

v

SN tazeme o erg: bundle of hrachiwood tieitly packedd and bonnd,
g 1 far dramns trenche | foundation of roads iy marshy sites, ond
o = iealls for omebing rtepy, et The wounl dinen-ion. are 18 fest
Intgand O tarbe o dieesers T doanade in g crndbe af tre-tle, placed
st uniform Lol ws chosn an Plate 5, Vi, 8,04, 5,

r

Hurdles e chraly usod for povetment and usless for o speeial
abje t are sl made 6 foot lang wod 3 Veet high in the web (Plate
G, il 1 osud 2

To viobe 2 oo a loe 6 foct tang 0 marked on the ground and
divided into uine cqual parte, and o piclet (about 3 feet 6 inches long
and from 1 inel 1o 2 inehew an dinmetor) driven in at each diviston, the
o out=ide parliete being somewhat stonter and longer,

The veb in then eondtructed by n proce: - ealled randing which con-
ricte in workine with single radu commencing from the centre. FEach rod
= tabien alternate <ides of the pickets, twisted round the end pickets
awd woven boack towards the centre. A fresh rod must overlap by
several pickets the one which it supplants,

Pairinz rods (Plate 6, Fig. 2) are used in the contre and at hoth
cnds of the web, which isx usually sown top and bottom in three places.

A rougher type of hurdle i shown in Plate 6, Fig. 3. This is made
much more guiekly than the ordinary type and- is equally efficient for
most purpo.es,

urdles can also be made of expanded metal (X.P.D) as shown in
Plate 6, Fig. 4. For convenience of carrying, the vertical stiffeners
enn be temporarily removed and the X.P. M. rolled up.

0, Gabions are hollow baskets or bexes, made of almost any material
capable of heing hent or woven into n eylindrical or square form, such
as brushwood, expanded metal, stout canvas, wire netting, ete. Two
patterns nre shown on Plate 7 from which the general method of
construction can he obtained.

The most convenient form is the square gabion made of X.P.M.
(Plate 7. Fig. 5. It is made by bending a piece of N.P.M. round =
stout reetangular framework 3 feet high with four 18-inch faces. The
joint where the ends overlap is secured by a hurdle lacing of plain wire
or other device (Fig, 6).

Gabions are used for revetments, hasty cover and repair work.
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10 Sandbags.—The service pattern of sandbag measures 33 inches by
14 inches empty It 13 made of jute bagzing and 1ssued mn bales of
250, weighing 96 1bs

Sandbags are used for Yevetments, loopholes, spoil bags for mumn,
or dug-out work For revetment, except in the cise of the repair o
damaged parapets or where silent work is casential, they are expensive,
rot quichly, and requre constant a!ten'twn

11 Sacks—{(rain sacks or bags which may be available on service
can be substituted for sandbags

They usually contain about 2 bushels (2} cubre feetf of grain—if used
for field defences they should not be more than half filled, otherwise they
are too heavy to handle easily

1t 1s not necessary to close or tie up a sach if the mouth 13 carefully
folded under 1t when it 13 being placed in postion, the weight of the
sack will prevent losa of earth

12 * A ' frames are wood frames speaally made for revetting or
repair of trenches (Plate 8, Fig 1, and Plate 8) Their use 13 shown on
Plates 48, Fig 3 and 61, Fig &

Trenchboards are wooden gratings of the dimensions shown on Plate
8 Fig 2 l’hey ara used to give & firm footing in trenches in combina~
tion with ““ A" frames (Plates 51, Figs 2 un§ 3 and 48, Fig 3) or on
overland tracks

8 Method of distribution of tools, stares and materals,

1 All tools and materials in excess of those incleded tn the War
Equpment Tables of units and formations, AT G 1098 series, required
for field ing, are supplied through the s In each form-
ation from the base to the front, engineer parks, stored or dumps as
thev are more genernlly called, are organized, and the channel of supply
13 from the base engineer store nnd ordnnnce dopots through the army
and corps parks to the dimsional engineer dumps

2 In position warfare the divisional ergamzation for the distribution

of engineer stores 1s as follows —

The main dinisional dump 18 situated, 1f possible, on o hight ralway
by which 1t 1s fed by the corps dump, and 13 1n such a position as to
reasonably 1mmune from interference by the enemy’s shelling

An advanced divisional dump 1s formed 1n advance of this, usually en
o road where transport can deliver by day and can be lorded and sent
forward bv mght, 1t should also be on the light rulway

In front of this the brigndo dumps are ertunted ns far forward as
horse transport can go at mght, or at the Light ralway railhead and
adjacent to the tramway, sxusting or proj

During offens =~ ~o T
{trench} dumps - Wt . . .
consoldating th " " " LT
ordinary and cur « ' . oot . .
commander

3 In mokle warfare thia or must be Nified ding to
ctreumstances

4 X list of principal tools, materials
Geld engincering 18 given 1n Appendix V]

?nd stores suitable for 1
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CHAPTER 111
THEORGANIZVHON OV WORKING PARTIES AND THVIR TASKS

0, Bewpnnriliility fnr the reecution of work,

Lo Al nrmn are eoeponsible for the eon<truction of their own defence
v.:nr}.. wath {:::-1: :w::-umw ne may be nvailshle fram the engineers (sre
Bew 17, O LS R, Vel 111900, Sach work will includa the provision
of cover from Lee and the conetrnction of obstacles,  Field works shonld
bronpordo s n military duty nnd should be exeeutad as o military
Gleralinn

Contnataders of fnrmations sod units will ba responsible for siting,
organtringe atd eonctrarting Geld dofenees, Officers of all arme must
stidy the most smitable tapes of defences and the details of siting,
dipamlise on nrmnrnesut, peennd, eonceabinent, ete,

The engineors will notmalls be emploved only an works requiring
teeelintest s i), cpecial tacde | ar sperially elaborate drpanization in connec-
tron wath the qunin one or rear poeition defrness in position warfare.
There nre not snoupl, encineer upits svailnble with formations to enable
the engineors o undortabe any but this teehinieal work.

9O, Pinld worke wnx, therefore, ba divided into two classes :—

1. Worlk for which unit+ or formntions other than the engineers are
responsiblo. This will be earried out under the orders of unit
eomuanders with materinls supphed by the engineers, but
without enginear asastancs or supervision other than techni-
cal advien or minor ssastanee in techmeal details, such as
fixingr of timbots o compheated shelters, ete. The provision
of this technieal advies or minor a.cistance is the duty of
eapineer Haison oflicers with the formations,

n. Worl: for which the engincers are reeponsible. This will be
carried ont solely by engineer units, or by engineer units with
the assistanes of working parties from infantry or other units,

or ¢ivil Inbour,

In the cace of work under class (ii) and frequently also under class
(i), there will be two principal officers involved in the work.

(a) The engincer or other officer in charge of the work.
(1) The officer in command of the working party.

3. The responsibilities of each are as follows:—

i. The officer in charge of the work is responsible for—
(@) Making the preliminary reconnaissance.
(b) Tracing aut the work.
(¢) Demanding the working party.
(d) Supplying materials and extra tools, if necessary.

(¢) Supplying guides to ensure that the working party actually
arrives on the site of the work.

(f) Sceing that the work is completed as designed.

.
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He must aléo sea that arrangements are made for provision of any
covering party that 1s required 1n addition to the working party

1 The officer in command of the working party 1s responsible for the
disposal of the men on the work, for EeemF that all orders regarding
fights, smoking and talking etc, are strictly obeyed, for the diligence
of his men, and, if desired by the officer 1n charge of the work, for
measuring up the tasks to see that they are correctly fimshed and for
withdrawing the party when he 1s satiefied that the work 1s completed 1n
acecordance with the desizns previously explained to him by the officer 1n
charpe of the work

1 .

tions as to its relative urgency

10 Alternative methods of orpanizing working parties

Whether engineers or other arms are responsible for the work the
Cnnclples of orgamzation Iad down 1n this and suceeeding sections will
e acted upon

L . s Pam
ob . . )
ne = 3
of * 1"

It must be recognized, however that enemy observation and urgency
(#hich may limit time for reconnarssance) make modifications necessary

The timte taken to carry out all tho steps and dubies detailed in the
notes, ncluding the sending back of the ““demands’ and subsequent
dz!mfmg of, and the approach march of, the working party, may bo

, ¢@ht hours or more

If the time available 13 loss than eight hours, n working party mnst
be deldmled and the rendezvous and time fixed, befare the reconnaissance
15 made

Details of this procedure for hasty work are given in Sec 12

Na work should be carried out at might which can be dano by dav
But 1t 13 often essentinl either pn account of the presence of the enemy,
or for purposes of concenlment, or to gain time, for field works of every
kind to be done at night

In this case the orgamization of worh and the previous reconnarssance
are of peculiar importance awing to the very great difficulty of guiding
and putting parties on to work 1n the dark

1 Procedure when reconnarscance g+ povalle before cending in demands

1 Immedintely on recoipt of orders to put any work in hand the
officer who 15 appointed to take char - N —- e
om0l PRaP a4 . N

- “ o .
- . . .
- D [ - ultics 1n earrying out his orders
:|S. hard ground, roots, etc, which call for speetil meastroes o meef

hem

Whenever the conditions of the operations permit tn order to save
time he should tnke with him A tracing partt of smtable s zth to
mark ont the wark, and the giides which will be t 2 the
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working party from the rendezvous to the work. If possible, the officer
who will be in command of the working party and some of his N.C.Os.
should take part in this reconnaissance.

Before starting, the party should be informed where the work is,
wh_nf{ it is, and 1ts purpose. Note should be taken of the following
points :—

i. The route to the work which involves the least fatigue and
delny and_the time required to march to it; plenty -of time
must. be allowed, remembering that a large party moves very
slowly, especially across country or in trenches in single file.
If the enemy’s harassing fire is heavs it may be necessary to
tape outv routes across country which will involve special
measures heing taken to cross trenches.

fi. Landmarks which assist in locating the site of the work and the
route :10 be followed; if none exist, artificial marks should be
crected.

iii. The guides should be shown the rendezvous at which their parties
will be ordered to report, if it has been decided upon.

The work should next be marked out; the officer commanding the
working party, if present, will decide in consultation with the officer in
charge of the work, how best to distribute his men: this should be done
by platoons and companies, so that each commander shall interest_him-
self in the work of his men, as he is responsible that it is completed.

The limits of each platoon and company should be clearly marked,
and each guide should*be shown the point to which he is to bring his
party and the extent of its task. The formations in which the party
are marched to the work depend upon the amount of interference the
enemy will bring to bear, but there should be no bunching on the march
up, and the arrival of the parties must be so timed that one party does
not have to wait while another is being put on to the work. In normal
times, the rate of arrival should be 50 men (actual workers) at 15
minutei:’ interval, and when harassing fire is heavy 25 men at 15 minutes’
interval. :

With carrying parties the loads should be so distributed that it is
possible to carry on if a portion of the party fails to arrive.

If it has not been possible for the guides to go over the ground, they
should be given their instructions in writing, but in any case they must
be at the rendezvous punctually.

2. The officer in charge of the work must now make a rough estimate
of the amount of each sort of work, such as clearing, entanglements,
digging, carrying, etc., and by the help of the tables in this book
(Appendices III and Vf[) or his own experience of the abilities of the
men who will form the working party, he will be able to make an esti-
mate of the number of men and tools and of the materials he will require.
When entrenching, the normal interval between men is 8 feet, 5 feet is
the minimum interval.

Tt must not be supposed that, under active service conditions, this
estimate will be accurate, but it will be near enough to enable him to
form a fair idea of the size of the working party and of the time required
to complete the work, or, if the time is definitely laid down, how many
men will be required to complete the work in a given time.
the working party is crowded together

"If too many men are detailed,, y is, cr
t heavy casualties is increased; also,

and the risk of noise and consequen
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while the work 18 not speeded up, n greater number of men are deprived
of their mght’s rest, and the eficiency of the unit e a whole 16 1mparred

If too few men are detailed they become disheartened, and 1n conse-

uence, turn out less work, the completion of the work 15 unnecessarily
elayetl and the risk of interference by the enemy 1s 1ncreas:

The number of men which can be fully employed on a given work wiil
depend largely on the thoroughness oF orgarization, generally, over
crowding on work 1s dne more to lach of orgamization than to excessi~e
numbers

On active service the actual strengths of formations vary so quickly
from day to day that 1t 1s generally 1mpossible for the ofiicer 1n charge
of the work to demand his working party mn_the form of so many com
sames, Flntoonu, ete, however desirable tlis may be His onginal

emand for 1 working snrr.y submutted to the proper authority, must be
based on the estimated number of tasks or men required to finish the
work 1n a_given time It 1s the duty of the officer commanding the
umt providing the working party to detail the numbers of actual work-
ers required by umts, e g, battalions, companies or platoons This
ensures that the men work under their own officers and that a proper
proportion of N C Os, stretcher bearers, etc , 1s also detailed It may
not be possible to adjust these exactly, but the smportance of detailing

complete formations as ageinst d h of certnin 18 parn-
mount
3 A detml of the tools re N ' . oL

are available and nhere they
the Field Service Pocket Boc =~ * °
working party, and Appendix * -
the Field Service Manuals .
tion of tools 1n Appendix HT . - .
ordinary circumstances
In position warfare when too]l dumps are formed, all tools will be
drawn from and returned to the dumps
4 Having arrived at_the numbers of the men, the tools and the
materials required, the officer tn charge of the work has these additionnl
oties —

1 To fix exact location of the rendezvous where the working party
13 to assemble, where the stores and extra tools are to bo

someo sort of cover.
va . L " o f "o . H LI
.Y . .- - I n
- . . . .

. . A P

.

P
trenches
1 To fix the hour of arnival at the rendezvous  This must be care-
ully worked out so that the men are marched from thenco to
thetr work without delay If men are hept hanming about
1n the dark they fall nsleep and are difficult to rouse
The encmy's observation and the state of the light must
also bo conudered  Work at night should commence just after
dusk or before moon.rise.
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iti, To arrange for the necessury materinls, tools, ote., and for
traneport of the same; and to encure delivery of these at the
rendezvons before the areival of the working party,

v, To see that areangements are being made for the provision of
any eoverimgg party that may be required, so that there is no
rick: of the working party being rmf(u-od by having to find the
rovering party out of the numbers detailed for work.

Heors now in a posttion to submit his demand for the necessary work-
ityg party for work whicl will eeenpy o cortain number of hours, stating
the ‘u»ur nt whicl they muct be at the rendezvons with o certain propor-
f1on of tools from thar awn equipment, and haversack rations, if neces-
sary, and where they will 'ment guides provided by him and draw addi-
tionnd taale and muterinl a<may ho required for the work in hand, which
they will earry or ewort in the transoort he provides to the site of the
work, which the tracing party has already marked out on the ground,
and on which the working party will he extended, while they are pro-
tected by the covering party, which will be in pesition before work is
rammonced,

The demand for the working party shonld be made out in quadrupli-
rate, A typieal form is shown in Appoendix I.

On receipt of this demand the headqguarters of the formation will issue
orders to the unit supplying the working party, which will ensure that
the party meets the gnides and brings the necessary tools, ete. A typica
Torm for thesn orders is shown in Appendix I,

When the work is continuous over long periods, much clerical labour
ean bhe saved by the headguarters of the formation responsible for the
work issuing, without demand. orders giving full particulars of all daily
wworking parties and the unit responsible for providing each.

Fictitious names, which shonld obviously be of an engineer nature,
are allotted to the guides, and these names should always be permanent,
i.¢., the guide for No. 1 Party will always be Snpper Shovel, whatever his
roal name may be, or however often he may be changed.

&, 1f thoe officer in command of the working party has not been present
at the tracing out of the work he will, in consultation with the officer
in charge of the work, decide upon the hest method for distributing his
men on the work. The nature of the work and the task before them
shmlxld be thoroughly explained to all ranks before they arrive on the
worls,

6. Extending a working party from tho left. An officer or N.C.O.
will stand at the left of the line on to which the squad is to be extended,
prepared to pace or measure out each man's task. The squad will be
formed into single rank at s convenient distauce from the line and
marched up in single file, tools at the trail and rifles slung, at right angles
to the line, until the leading man is within two paces of the officer or
N.C.0. charged with pacing out the task. The officer will then indicate
the left of the task and the leading man will step forward and drive the
point of his pick into the ground at that spot, helve to the rear.

The officer will then pace out the task and the man will lay his
shovel to the right along the line of his task, blade to the left and face
downwards. The second and remaining men will wheel to the right
until opposite the left of their tasks when they will wheel to the left
and carry on as detailed for the leading man.
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After ench man’s task 18 prced out he wili wait till the rematnder of
the squad 1n rear of him are clear and will then unshing his nfle, turn
about, t1ke six paces ground arms return to his former position and
hie down until the order to commence work 1s given

« Inextending from the right the procedure 1s sumtlar to the abore, the
men wheehing to the left and nght instead of to the right and left

Alternative msthod —The Jcading man goes right through to the
far end of the work and the remainder space themselves out behind him
slong the hino of the work The commander of the party then checks
and corrects their intervals, starting from the lerding man and working
backwards In this method, althouglt 1t takes shghtly longer than the
first method the men are nlways well extended The tendency to close
gg |\I'he; tlhe front man halts for fear of losing touch tn the dark must

checked

Working parties of second or subsequent reliefs on trench work should
not be allowed to move along the partiilly dug trench unless the tactical
situation demands that they should do so

mmoa LR PR . v N
‘ « '

7 Vihen working in close contaet with the enemy the commander of
the parts mny decrde to nork with arms slung this greatls hinders the
work and should not be done unlese there 15 danger of attack Ia the
forward area it s generally sufficient if each man lays out his nrms
and equpment close nt hand for use 1n an emergency ~ When the work
15 helow fire step level and there 1« danger of an attack nrms should bo
laid an the parapet and all the earth should be thrown on to the parados

In rear areas arms and equipment mav be left under guard m
convenient spot

Anti pas respirators mus  alwasg be in the alert position within the
alert zone, or 10 areas likelv to be bom! arded by gas shell

& Work can bo carned ont esther by —

Task work, 1 ¢, a defimte amount of work 13 given to each indivi-
ual or preferablv each formation, 1 e, section, platoon or
company, or

Time work, ¢ ¢, the worhing party 1s required to work for a certain
namber of hours

Task wark should be given whenever possible

In most work especially that of n strughforward nature like digmng
or ¥inng better and quicher work 18 obtained Ly task work, The allot<
ment should be by small umty e p sections platoons ete, and each
127ty must be allow ed to withdra® on the completton of ats task, this 1s
the whole estence of task worh

Great eare and conaderable experience are required in setting tasks
and ®len once fixed thes must not be altered even 1f they have been
wrongly estimated  Some figures showing the amount of wark to be
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oxpected are given in Appendix IIT, but the figures may requi ifica-
txon] according to the distance the men have tgé)' march %;o gndr?rgln(;déﬁg?r
work.

When working with reliefs on task work, care must be taken that all
parties of one relief have finished their tasks before the arrival of the
next. so that the Iatter are not kept waiting. An interval of 80 minutes
should be allowed between the estimated time of the first relief finishing
and the arrival of the second relief. .

Supervision over task work must be strict, and the tasks which are
usually on the easy side must be rigidly enforced. In deliberate trench
work the dimensions of the trench should be checked by a templet, i.e., 8
skeloton pattern of the section of the task, to ensure that the trench

has been dug to full dimensions.

A templet or a 6-foot rod, should be carried by each platoon comman-
der, by which he can explain the task. P

9. It has been proved that the best is got out of a working party in
4 hours—after that period, the men tire rapidly, and the amount of work
they do will seldom justify their being kept out.

Work in the face of the enemy is carried out during hours of darkness
and in single reliefs, but it may happen that work must be done in conti-
nuous reliefs, that is, a fresh working party is provided every 4 hours.

Continuous reliefs are difficult to manage in the case of large numbers.

Relieving parties should not pass each other on their way to or from
their work. There must be an up-and-down route in a trench system:
communication trenches must be definitely allotéed as up-and-down
routes by the general staff.

If task work is being used, it is essential that all tasks shall be
thoroughly cleaned up before the men leave work, or there will be abun-
dant occasion for grumbling.

Each relief should arrive complete with all tools required for work
and should return them to the dump from which they were drawn. It
is not possible to hand over tools from one relief to the next in the dark.

If the work is being carried out in single reliefs at night, a clearing-
up party should be detailed for work in daylight in order to square up
the trenches and correct faults, and leave the trench fit for straightfor-
ward task work for the next relief.

This party must not be so numerous as to attract the notice of the

enemy.

12. Procedure when demands have to be sent in without previous
reconnaissance.

rocedure should be followed when there is not sufﬁ;

The following é) ¥ .
cient time to send back ‘‘ demands’’ after making a reconnaissance o

the work :—

i. ' Orders are issued by higher authority to engineers and infantry
to carry out the work.

ii. The officer in charge of the work at once sends in the following
information, based on previous knowledge of the ground an
large scale maps:—

(a) An estimate of the numbers of the working party.
(b) Details of tools to be carried, or tools or stores to be picked
up at the rendezvous.



Chapter III, Sectlons 12 & 13.] 20

{¢) Rendezvous for the working party

(d) Time for the working pirty to be at the rendezvous
(¢) Duration of worh

(f) Probable time of arrnval back 1n billets

He will also —
() Dotail gmdes to lead the working party from the render-
vous to the site of the work
(h) Request that the officer in command of the working party
with oficers or N COUs representing compames or
latoons, be at the rendezvous 1 hour before the remain-
. der of the working party arnives there This party waiil
be guided mmmediately on arrnval at rendezvous to the
site of the work where the officer in command of the work
wng party will meet the officer 1n charge of the work
m The officer in charge of the work, with tracing party and gmdes
for working party, proceeds from rendezvous to site of work,
where o reconnatesance 1s made and work marhed out If
under enemy observntion, this marhing out may not take place
until dusl
w The officer in command of the working party wsath party
enumerated i 1 (h) above, on arrnal at rendezvous 1 hour
Lefore the remainder of the worhing party, 13 guded by the
gde detailed by the officer 1n charge of the work to site of
work, where be meets the officer in charge of the work, who
explains the task in hand, and hands over necessary templets
v The officer In command of the working party decides how to
distnik s and pl
vi Mamm body of working party, en _arnval at rendezvous at
appointed time, 1s taken by guides to site of work, where
under the 1nstructions of the officer in command of the work-
mgkxpnrty, tho men are marched at once straight to their
tas

13 Tracng and sething out work

L P I R 1 41 -4 o4~ Ty executed should be

. » 50 yarda long), or
. . . = lowing instructions
. n to setting out wire
x = * - ! ' -

must bo taken off before the compass 13 used, both theso srticles of
cquipment affect 1t

1
All officers, warrant officers and N C Os should be practised tn trac-
Ing by day and by night

2 In the case of deliberate defences, 3f tle hmo 18 marked by fa;
Svc 43), the trench should not be Jud on* in a series of ltﬂll"b{ lm§:
rom flag to flag, but exch fire-bay should Le carefully mted and marhed
vru?‘x pegs by the tracing officer, the traverses should bo fitt nbya
NCO following behind
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.

Similatly, if the line is marked by o plouched furrow, this must not
be slasiahly Tolluwed in tracime the firedavs,

B Tapree ot trace are illustested on Plates 48, 45, 88, and 47; they
sy beoapplied to the groumd by i

i Varging the smzle of the traverse,  This angle, must, however,
never exeend 135%, or be lews than 90°,
in Varying the Jength of the fire-bays, or of the legs of the
traverses,
i Chauging direction in n fite<bny, .
L8 Wath the baxtion trace (Plate 8, Fig. 2), until experience in lay-
g out has been aequiend, o tape templet should be used (Plate 19,
Frm. 1Y This eonsists of n quadrilateral of tape of the dimensions of a
normal traverse with two dingouals of tape to net as braces. It must be
tegarded e o puide, and net ns a stundard pattern for a traverse.  After
sume proctice 1t is quicher to dispense with the templet, the sides of
the traverses may be pared and the angles judged by eye.

S The frone Hmit or *eutting line ”” of n fire trench is the line which
shonld ba traced, but it i~ a great advantage, if sufficient tape s avail-
uble, to trace both sidos,

6. organization of tracing parties.—Tht party should be divided into
aroups s follows -

t.oAn officer and 1 OR. with extra men as carriers.  The officer
traces out the fire-bays, driving pegs in at the ends of them:
he must seleet the position of cach fire-bay with regard to the
shiape of the pround,
a1 Anexperienced N.C.O. and 2 men with extra earriers if necessary.
If s templet o used, 1t s I out with its two front corners
sear the insbde pegs of two adjacent fire-bays, and the back
peps of the traverse are diiven in near the back corners of
the templet, under the direction of the N,C.0, .
ti. A number of men, varying with the nature of the ground, to
clear crops, bushes, ete.. form the line of the tape.
. One man runnine out the tape and fixing it to the pegs, witk
earriers for extra tape. i
The duties of the various parties nre tabulated below :—

Party. Composition. Tools and stores. Duties.
- - o e IS - — ——
No. ! 1 officer, 20r 3 men. § mallet, bundles Peg ont fire-bays.
. of pegs

Nao, ¢ ."1N.CO,2to4men. (Tape templet) 1) Peg ont traverses

; mallet, bundles of
! I pegs T

No. 3 . . As  required by Reaping hooks &c. Clear line for tape
nature of gronnd. '

Mo, 4 . . 2or3men . Tape . . . Carrying tape aud

| , fixing to pegs.

Torar: 1 officer, 1 N.C.0. and 6 or more men, depending on the
amount of material to be carried, and the amount of clearing to be done:i.

7. Wire cntanglement coil staples or wire hairpins,” are goo
substitutes tor pegs; the tape is laid very loosely at first, and then
pulled back taut round the traverses (Plate 19, Fig. 2).
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CHAPTER IV
FIELD LEVEL AND FIELD GEOMETRY

14 Measurement of dopes and laying off angles

1 Stopes are usually described in field works by fractions, 1n which
the numerntor expresses the height and the denommator the base of
the slope  Thus a slope, described as 4/1 (te four in one), 1s one 1n
which the vertical height 1s four times the base (Plate 11, Fig 1)
whilst that expressed by 1/6 (1 ¢, one 1n sx) 1s on the contrary one
12 which the base 1s six times the iertical height (Plate 11, Fig 2)

To convert angles of slope, given 1n degrees 1nto fractions as used in
field worhs,  rough rule s te gmde 60 by the number of deﬁrem 1 the
angle Thus 6°= 1 1n 10 roughly This rule should not be used for
angles greater than 80°

2 Field fevel —In the laying out of field defences certain smmple
geometrical operations may be necessary  The only spectal instrument
employed for the purpose is the field level, which 1s used for setting off
angles on the ground, snd for gaugig slopes

The level 13 shown on Plate 12,

The hmb C, which contains the spinit level, must be opened out
first, and afterwards the limb B, these are then joined by a catch at X,

The Jevel 13 used 1n the following ways —

1 As an ordinary spirit level, as used by a carpenter or a paviory
for this purpose 1t need not be opened at all (Plate 12, Fig 4)

u As a square for setting off nght angles The hmbs B and O
form the night angle (Plate 12, Fig 1)

w1 As a protractor, for laving out an angle from 8 given pomt on
a given line  The limb A 1s made to coincide with the line,
the point of the arrow head bemng at the miven point  The
required angle can t!en be laid out by stretehing a tape from
the arrow head over the anglo as numbered on limb B or himh
C (Plate 12, hig 1)

1v For setting off any_ slopes from the horizontal to the vertical
as a mason & level  For tlusdpur{sose the Elumb beb, kept 1n
a recess of imb C, 1s require he plumb bob must be sus
}'cnded from the brass «ocket 1n Iimb C (near the end remote
rom the spint lesel) and sllowed to swing freelv, and the
Jevel moves until the string comncides with the required angle
i etc , the edge of the imb A will then be at the reqmired
slope (Plate 12, Figs 2 and 3)

¥ Une side {s graduated in feet and inches and can be used as »
four foot rule (Plate 12, hig 4)

7 The improvised level shonn m Plate 13 mav be found useful By
means of a1t u series of points, , C, D, E, F, G, H, I, on the same
level ¢an be fixed and marhed by pgs  Suppose Al '1s 40 yards and
the difference of level of the drain or trench between \ and I 1s found
ta be 1 foot, then the fall 13 1§ inches each lergth of 5 yards the bottom
of the drain or trench can be graded by measureme from C, ete.
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15. Field geometry.

1. In some of the more technical operations of field engineering, such
as the construction of bridges and in road and camp worlk, a knowledge
of the following applications of simple geometry in the field will often
be of use. No special instruments are required for this purpose.

. 2. To lay out a right angle. Let X be a point in a given straight
]me] AB (Plate 11, Fig. 8), from which it is required to set off a right
angle.

From X measure off a distance of 4 units XC along AB. Take a
piece of line or tape S units long, apply one end to point X, and the
other to point C; find a point in the tape 3 units from X, and, seizing
it at this point, drasw the bight out to D, till the line is taut, then CXD
is a right angle. Tor example, if 1 foot is the unit—XC—4 feet, XD=3
feet and CD=5 feot. The longer the sides of the triangle, the more
aceurate will be the right angle, and it will be found that when laying
out long lines, such as a parade ground, or football ground, the sides of
the triangle should not be less than 16 feet, 12 feet, and 20 feet.

3. To trace n perpendicular to a given line from a point outside. Let
X be the point outside the line AB (Plate 11, Fig. 45), from which it is
required to draw a perpendicular to that line. Take a tape or cord longer
than the perpendicular will be; fix one end at X, and stretch it taus, so
that the other end shall cut AB in C. Drive in a peg at C, find D, the
middle point of CX. With D as centre, swing DX or DC round to the
pos‘iltlgon DE, cutting AB in B. Join XE, then XE is at right angles
to .

4. To lay off an angle of 60° or 120°. Let X be the point in the line
AB (Plate 11, Fig. 5) from which it is required to‘'lay off an angle of
60°. Take any point C in AB towards that end of the line from which
the angle of 60° is to be drawn. Take a tape or cord twice the length of
X0, and fasten the ends to X and C. _Seize it at the middle and dgaW
the bight out taut to E. Then the angle EXC is 60° and AXE is 120°.

5. To bisect a given angle. Tet ABC be the angle which it is re-
quired to bisect (Plate 11, Fig. 6). In AB take any point D._ Fasten
the end of the tape at D, and take it round B and back again to D.
With the length tEus found mark E in BC and make the loose end fast
at E. Take the centre of 'the tape from B and stretch it tight in the
position DFE. BT will bisect the angle ABC. ]

6. To lay out an angle equal to a given angle. Let X be the point
in the straight line AB (Plate 11, Fig. 7), from which it is_desired to
lay off an angle equal to the angle DEC. In the bounding lines of the
angie DEC take any two points DC, and from X measure XG equal to
EC. Take a tape equal to CDE. Put the ends at C and Eband make
the tape cover (EJDE. Holding the tape by the point above D, transfer
the ends which were at E and C to X and G respectively, and pull 13112
tape taut. Then the point which had been at D will be at some poln
F, and the angle FXG will equal the angle DEC. )

7. To find the distance between any two points A and B when it
cannot be measured directly. From B (Plate 11, Fig. 8) lay off the line
BD as nearly at right angles to AB as possible, D being at any con;
venient distance. In BD select a point C so that BC is some multiple o
CD. From D lay off the angle BDF equal to the angle ABD, and I?n
the opposite side of the line BD. Make DE of such a length that the
point E is in line with A and C.

Then AB: BC:: DE: CD,
or AB— BC x DE é(DDE
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N CHAPTER V

A DEFENSIVE SYSTIE M

(See Chapter IX, F 8 R, Vol II, 1924 and Chaptee 11T Infantry
Training, Vol 1II, 1926)

18 General princirles

1 The object of the defence 13 to wear out the eremy nr 1 to galn
time The defence can be ascisted by making the b st uxe ¢ the gren )
remforced by the artificral aid of field works

Economy 15 essertial both 1n the number of 11 n roqsired to } 11 8
given area and tn tle time, material, anl labaur snvelv §in the pre.
paration of tke deferces

2 Tke prinaples of defecnire artim are latd down an (hapter 1Y,
FSR, \oY I 1924, 2r.d mav be sumemans § as

1 Defacure poctions, Lowever error,  aes of 5 1 value unlers thar
deferders Lave the will 1 defer § thers tr the Iast

1 The pos 302 se¥ertm® mae Lo wtrate g ally 15 g7 1tard optarwinm
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15. Field geometry.

1. In some of the more technical operations of field engineering, such
as the construction of bridges and in road and camp work, a knowledges
of the following applications of simple geometry in the field will often
be of use. No special instruments are' required for this purpose.

. 2. To lay out a right angle. Let X be a point in a given straight
hneI AB (Plate 11, Fig. 3), from which it is required to set off a right
angle.

From X measure off a distance of 4 units XC along AB. Take a
piece of line or tape 8 units long, apply one end to point X, and the
other to point C; find a point in the tape 3 units from X, and, seizing
it at this point, draw the bight out to D, till the line is tau$, then CXD
is a right angle. For example, if 1 foot is the unit—XC=4 feet, XD=3
feet and CD=5 feet. The longer the sides of the triangle, the more
accurate will be the right angle, and it will be found that when laying
out long lines, such as a parade ground, or football ground, the sides of
the triangle should not be less than 16 feet, 12 feet, and 20 feet.

3. To trace a perpendicular to a given line from a point outside. Let
X be the point outside the line AB (Plate 11, Fig. 4), from which it is
required to draw a perpendicular to that line. Take a tape or cord longer
than the perpendicular will be; fix one end at X, and stretch it taut, se
that the other end shall cut AB in C. Drive in a peg at C, find D, the
middle point of CX. With D as centre, swing DX or DC round to the
positligon DE, cutting AB in E. Join XE, then XE is at right angles
to AB.

4. To lay off an angle of 60° or 120°. Let X be the point in the line
AB (Plate 11, Fig. 5) from which it is required to‘lay off an angle of
60°. Take any point C in AB towards that end of the line from which
the angle of 60° is to be drawn. Take a tape or cord twice the length of
XC, and fasten the ends to X and C. Seize it at the middle and dxo'aw
the bight out taut to B. Then the angle EXC is 60° and AXE is 120°.

5. To bisect a given angle. Let ABC be the angle which if is re-
quired to bisect (Plate 11, Fig. 6). In AB take any point D. Fasten
the end of the tape at D, and take it round B and back again to D.
‘With the length tﬁus found mark E in BC and make the loose end fast
at E. Take the centre of ‘the tape from B and stretch it tight in the
position DFE. BF will bisect the angle ABC. )

6. To lay out an angle equal to a given angle. Let X be the point
in the straight line AB (Plate 11, Fig. 7), from which_it is desired to
lay off an angle equal to the angle DEC. In thg bounding lines of the
angie DEC take any two points DC, and from X measure XG equal ?0
EC. Take a tape equal to CDE. Put the ends at C and Eband make
the tape cover CDE. Holding the tape by the point above D, transi;;ar
the ends which were at E and C to X and G respectively, and pull ¢ g
tape taut. Then the point which had been at D will be at some pomn
F, and the angle FXG will equal the angle DEC. )

7. To find the distance between any two points A and B when it
cannot be measured directly. From B (Plate 11, Fig. 8) lay off the line
BD as nearly at right angles to AB as possible, D being at any con;
venient distance. In BD select a point C so that BC is some multiple o
CD. From D lay off the angle BDF equal to the angle ABD, and 1:)11
the opposite side of the line BD. Make DE of sych a length that the
point % is in line with A and C.

Then AB: BC:: DE: CD,

BC x DE
or AB ~—CD
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N CHAPTER V

A DEFENSIVE SYSTEM

See Chapter IX, F § R, Vol 1I, 1824 and Chapter III Iz.zzirr
{§te Chap ' Tralming Vol 11, 1926 )

18 General principles

1 The object of the defence 1s to wear out the enemv and 2o max
time The defence can be assisted by making the best uze of the gz
reinforced by the artificial aid of field works

Economy 1s_essential both 1n the number of men ra}m:\\a o I
given ares and 1n the time material and labour nvolved r= t.e
paration of the defences

2 The principles of defensive action are laid down iz Cimue=
FSR,\ oY II 1924, and may be summanzed as follows.—

1 Defensive positions, however strong are of no v2lne Truess zoe=
defendors have the will to defend them to the Jns:.

n Tho position selected must be strategrcally ympo—ioms, ronerrses
the assulant will be under no obligation o z5tn & oo 2= =
defender must inevitably conform to his moremer:,

m The object of the defending troops 1s to 10y~ tue ~
on the cnemy at the least expense to themssrer znr = =
wear down lus_ fighting power while mumesrrr toe o=
that they will be able at o suitable time 39 smsrme 2w cFoe
sive and complete his defeat, thevefome sr—rizmr wewm o
must be done to economize mAn powes ¢~ Yememm 2o pome
that the maximum power may be 2velipw ~ s e
stve action

iy Defence 1n depth 18 essential to resms ar ==
modern weapons In arrangipy for T e ¢ _ e
forco a balance must be struck bewes —r =mmen 2 e

up and the depth to which the foms 3 _o——um

i

E;u

I

17, Choice of a defernire g s~

The tactics and nrm':me)f the eneov wwms e | g
with the nature of the ground will 1ndi 2 w_ € o crwmam mrr
derations should carry most weigls 1= <. min o+ _ p—
posttion — -

t The defensive battle should b (rm— = oo —
the retention of which 18 vme . _ :;: s

n Tle framework of the defe o +v= . | cm z
guns  The positions iuew «— .
ground observation an .~ .
denving these adrar..me o
defunces should be fa- 4z~
selected for artillere o .-
the defence will oo 4o
hties as the resu! o .
consideration @ e Lip o
enemy gy well joo- v »
sited  wlerever jen .
attack
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iii, The extent of the position should not be too large for the num-
ber of troops available for its defence.

iv. The flanks should be naturally strong.

v. Sur'yl)rise is just as important in the defence as in the attack.
The position should, thercfore, afford facilities for concealing
the defender’s dispositions from air and ground observation,
and permit of covered movement within and in rear of the
position.

vi. There should be ample room and good communications within
and in rear of the position for mancuvring reserves, and the
ground should afford facilities for counter-attack.

vii. There should be no localities outside the area to be defended, the
occupation of which by the enemy would exert an unfavour
able effect on the defehce of the position.

s

18. Reconnaissance.

1. The reconnaissance and siting of a defensive system is carried out
by representatives of the general staff, the artillery, the engineers and
- the machine guns working together and co-ordinated f)y the general staff,

It is necessary to study a map of the area in question before going on
to the ground; a layered map 1/100,000, or 3-inch to 1 mile, is suitable.
A plan or several alternative proposals should be prepared after consi:
deration of the important tactical features, observation, lines of
approach, and ground which must be denied to the enemy. The approxi-
mate line in front of which it is intended to stop the enemy should
marked on the map. '

It will save much time if flags can be erected beforehand in promi-
nent places along this line, in order to assist the reconnoitring officers
in picking up the general direction of the position from time to time.

Consideration should be given gt this stage to the division of the
position into sectors in accordance with the proposed allotment of form-
ations (corps, divisions, brigades, etec.) for its defence.

2. After this preliminary reconnaissance, a conference should be rlll‘el_d
of the above representatives to decide on compromises necessary. i 13
will be_followed by a final visit to the ground, at which a more detaile
plan will be made of the abovementioned!line, the artillery posn;lori:s gne
observation posts, the machine-gun positions and their zopesl_o rof
the important tactical localities to be defended, the main ln%z}s] o
obstacles, and the communications necessary within the position. e
positions should be marked with small flags or wooden pickets.

3. Where time is short the final decisions may have to be n%age 1?1?
the first visit, particular attention being paid to the junctions of for
ations.

19. Organization of a defensive position in mobile warfare.

. . 3 h
1. All defensive systems should be planned from the outset in suc
a way that they can easily be adapted to the requirements of a prolonged
defence. o ]
2. 'I'he first essential is to decide on the general line in front of \.VhIIC)];
it is intended to stop the enemy, and all defensive preparations “gd b
hased on the defence of this line. The troops allotted to its 1m1l111nd to
defence will be distributed according to the accidents of the ground,

v
.
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poutions from which they can best develop the fire power of their
weapons  This will usually result in the holding of 4 chain of localities
mutually sup{mrtmg each other by frontsl, fanking or enfilade fire, and
covered by the fire of the longer ranging weapons echelonned behind
them Behind these Jocahties reserves will be distributed 1n depth for
the purposes of counter attack In the distribution of theso reserves,
special attention must he pawd to the sedurity of the flanks

3 Machine runs from the framework on which the infantrv defence
of the poution 15 bmlt They must be sited 1n sections or purs so ns
to bring direct fire on the ground up to at least 500 yards from the
guns  Therr mmn zone of fire should be 1n enfilade 50 as to sweep the
flanks and front of tactical localities and to cover the approaches open
to the enemy  Direct fire 1s their primary role

Careful concealment for macline guns 1s_essentinl The use of
enfilade firo facilitates this, as positions can often be found which are
defiladed from the front

Alternative positions must be prepared to which guns can be moved
if required, and short lengths uF wellconcealed trenches provided to
@ve cover to the detrchments

4 Artilery should be distributed 1 depth and should make the
utmost use of 1ts mobility to deceive the enemy protecting itself by
the use of alternative positions

By menns of the hight automatic guns with which batteries are pro-
vided artillery 13 1n o position to repel by 1ts own fire the attachs of
an enemy wha has broken through the defences of a svstem, and may
thus furmsh rallying points Lehind which the wfantry can re-form for
counter attack  Whenever time 13 avatlable the positions of these guns
should be protected by wire entanglements ani should be sited mamly
with & view to flank defence

5 After the artillery and machine-gun positions have been deaided
n and adequate observation ensured for the artillery the tnfantry
defences will be mited full consideration letng tmiven to the importance
of haming natural anti tank obstacles {woods Tivers wmardies ete) for
thewr protection 1 a good vien of the ground over which the enemy
must advance can be ohtuned by the artillers and machine guns, there
13 1> necesnity for the foremast Infantry was * ~n #n 1 awa o 12 o Rald ae
firr  The defence 13 strengthened by
trom ground observation and althou h
aus 1 order to obtmn the full poner of
of 100 to 120 yards may suffice

The infantrs defence will usually consist of a series of defended loca
hities (Plate 18) mted in depth anl of a suflictently large area for o
platoon or targer umt to he nllotted to the defence of each

Tle anternal arproazation of there localibies shaull be wa the form
of & geries of defended posts for sections or carresponding unit

Thesa posts shonld consist of <tort Tengthe of fire trench allowing
?S!:n?l "o:)t for each man, from which all round fire s possible (Plates

.
Tley should mutuaily support one anotter and be connected up
laterally and from front to rear by commumication trenches to the
neshbounimg posts as tune permits

Simulaly, in the event of n prolonge 1 defence the defend d Joen),
so formed would bo connected Y\ trenches to focilitate com‘muma'ttx,:;
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and to prevent the enemy ascertaining by means of nir photographs the
position of the actunl fire positions,

6. The units in reserve will also occupy n series of defended posts
but probably more concontrated than in the ease of forward units,” an
sited so as to allow maovement from then being carried out under cover.

.7 Tt must be remembered that posts which adequately protect the
intervening pronnd with their fire when observation is good are often
unable to do xo at night or in mist or fog, and that it may be necessary
to cutablish conuecting posts to prevent the enemy penetrating  the
posttinn,

8. Temporary occupation of a covering position in advance of the
main positton is advisable when time and circumstances admit.

Dumuiy trenches, unexpected obstacles and well-concealed fire posi-
tions from which withdrawal ean be made under cover, tend to mislead
the enemy as to the real nature of the defensive arrangements, and may
cause him to deploy prematurely or in a false direction.

. 9. The defences at the junction of formations require very careful
siting and co-ordination,

20. Orqanizalion of a defensive position in position warfare. -

1. Whether the time for preparation be long or short the general
arrangements adopted will be similar to those laid down for the defence
in mobile warfare,

1n view, however, of the protracted nature of position warfare, it must
be anticipated that the enemy will, sooner or later, concentrate powerful
forces of artillery, mortars, and other mechanical means of destruction.
Distribution of the defence in depth is, therefore, of added importance,
firstly beeause the suddenness and weight of the attack may be such
that it will shatter the more forward defences which are exposed to
concentrated artillery and mortar fire; and secondly because it tends
to coneral the actnal dispositions of the defenders, and so reduce losses.

To obtain the necessary depth a defensive system in position warfare
should consist of :(—

i. A forward of covering zone.

ii. A main zone.

2. The main zone will comprise the area in which the commander
decides to fight out the battle and break the enemy’s attack. It must,
therefore, form the keystone of the whole defensive system; it must be
orzanized in depth; and the naturil advantages offered by the ground
must be strongthened by the best and most carefully concealed obstacles
and defensive works which can be constructed in the time available.
The front line of the main zone will usually be the line in front of which
it is intended to stop the enemy’s attack.

3. The object of the garrison of the forward zone will be to keep a
constant watch on the enemy by means of observation and patrols, to

give warning of hostile attack, to defeat minor enterprises, and, in the
event of a heavy attack, to absorb the first shock.
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With this object the forward zone will usually be organized in an
observation line of well concealed sentry groups supported by a chain
of defended posts with a serres of defended localities 1n rear, arranged
tn depth nncfalfordmg oach other mutusal support The forward units
should he so disposed that they can cover by observation and fire the
whole front of tge sector

The depth of the forward zone should be sufficient to protect the man
rone from a preliminary bombardment by the enemy mortars

4 The various posts and locshtics forming the framework of the
defensive system should be d up by hes as eoon
as possihle” in each battalion sector there should be at least two conti~
nuous communication trenches from rear to front, one for down traffic
and one for up traffic

Though continuous trenches add to the labour of upkeep, they make
the actual orgamzation of the defence harder for the enemy to locate,
especially from the air, moreover, the existence of continuous trenches
does much to prevent s feeling of isolation among the troops, and
consequently preservos the morals of a defending force

It must also be remembered that detached gosts which adequately
protect the intervening ground with therr fire when observation is good
are often unable to do so at night or 1n a mist or fog, and that 1t may
then be necessary to establish connecting posts to prevent the enemy
penetrating the position  Such posts can be convemently located in
dpecmlly prepared fire bays in continuous trenches, and can be with

rawn without detection Ly the enemy when the need for their employ-

o]
mant ananan A

to construct an ample number of well.
ervation nnd intelligence posts and to
means of 1nter-communication The

and

- be dane to provide cover for tho gar-
a3ov s, LISL Lrom the Wealner nua secondly, as opportumty pernuts, from
shelling  Successful defence, 1 position warfare, against modern bom-

bardment can only Mined
dug outs or concrc but the
former must have nders to
man thewr fire posit

7 o™ PO P . A .
8000 W .
8% pos. .
preven .

8 As soon as position warfaro s ot et
exereised g to what camouflage, if an
of futurg offensive or defensis o measur .
then bo put 1n hand at onco in order.
enemy may have become accustemed .
leaf requires consideration !

0 In a defensive system which extends over many miles of country
it will bo found that the physical features of the ground impose many
seriony difficulties which are not cxperienced in considering ind  °
posts  The final selection must be a compromise between the

srable and the best attanable as rigards the systemas a7 7
?m-r the compromise has been effected the position 1o

Actory, the defences at the point of danger

epth, or arrangements mado so that its "
©oF rachine gun fire from the flanks or from
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and to prevent the enemy ascertaining by means of air photographs the
position of the aetunl fire positions.

6. The wnits in reserve will wlso occupy a series of defended posts
but ‘prnlml:ly more coneentrated than in the caso of forward units, an
sited w0 s to allow movement from them being carried out under cover.

-

7. Jt_must be remembered that posts which adequately proteet the
intervening pground with theiv fire when observation is good are often
unable to do so at night or in mist or fog, and that it may be pecessary
ta establish connecting posts to prevent the enemy penetrating  the
posttion,

§. Temporary occupation of a covering position in advance of the
main position is advisable when time and circumstances admit.

Dummy trenches, unexpected obstacles and well-concealed fire posi-
tions from which withdrawal can be made under cover, tend to mislead
the enemy as to the real nature of the defensive arrangements, and may
canse him to deploy premnturely or in a false direction.

. 9. The defences at the junction of formations require very careful
siting and co-ordination.

20, Urganization of a defensive position in position warfare. -

1. Whether the time for preparation be long or short the general
arrangements adopted will be similar to those laid down for the defence
in mobile warfare.

In view, however, of the protracted nature of position warfare, it must
be anticipated that the enemy will, sooner or later, concentrate powerful
forces of artillery, mortars, and other mechanical means of destruction.
Distribution of the defence in depth is, therefore, of added importance,
firstly because the suddenness and weight of the attack may be such
that it will shatter the more forward defences which are exposed to
concentrated artillery and mortar fire; and sccondly because it tends
to conceal tho nctual dispositions of the defenders, and so reduce losses.

To_obtain the necessary depth a defensive system in position warfare
should consist of :—

i. A forward of covering zone.

ji. A main zone.

2. The main zone will comprise the area in which the commander
decides to fight out the battle and break the enemy’s attack. It must,
therefore, form the keystone of the whole defensive system; it must be
organized in depth; and the naturil advantages offered by the ground
must be strongtﬁ)lened by the best and most carefully concealed obstacles
and defensive works which can be constructed in the time available.
The front line of the main zone will usually be the line in front of which
it is intended to stop the enemy’s attack.

3. The object of the garrison of the forward zone will be to keep a
constant watch on the onemy by means of observation and patrols, to
give warning of hostile attack, to defeat minor enterprises, and, in the
event -of a heavy attack, to absorb the first shock.
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With this object the forward zone will vsually be orgamzed 1n an
ohservation line of well concealed sentry groups supperted by a cham
of defended posts with a serzes of defended localities in rear, arranged
m depth an(fnﬁonimg each other tnutual support The forward umts
thould be so disposed that they can cover by observation and fire the
whole front of the sector

The depth of the forward zone should be sufficient to protect the maimn
wne from g preliminary bombardment by the enemy mortars

§ The various posts and localittes forming the frameworh of the

.. ° trenches as soon
0 - ' t least two conti-
e for down traffic
N .
Though continuons trenches add to the Inbour of upkeep, they make
the actual organrzation of the defence harder for the enemy to locate,
especially from the air, , the o h
does much to prevent a feeling of isolation among the troops, zng
consequently preserves the morale of a defending force

It must also be remembered that detached posts which adequately
protect the interseming ground with therr fire wﬁen observation 1s good
are often unable to do so at mght or 1n a mist or fog, and that 1t may
then be necessary to establish connecting posts to prevent the enemy
penetrating the position  Such posts can be convemently located 1n
spectally prepared fire bays 1n continuous trenches, apd can be with
drawn without detection by the enemy when the need for thetr employ
ment ceases

5+ Earlv steps must be taken to construct an ample number of well
voncealed and well-protected observation and intelligence posts and to
provide them with alternative means of inter-commupication The
construction of headquarters for infantry and srtillery formation ond
'"u;! 112 nls;tﬁsentml .

verything possible should be done to provide cover for the gar
tison, first frumgtb‘; e d top ver ' 'ggm
shelling Saccessfu

bardment can only " ;neld.
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former must have to
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ance wx‘t}\: :‘mgi ﬁ;zdforward and marn zones must be done 1n secord-
1

33 posuiblo to o nated tactical plan so as to form as great an obstacle

enem;
Prevent the aden e, of{ nd‘rnnce, but;t the‘snme time 1t must not
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thent | .
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2 In a defens:
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emtrable ang 1i, sclection must be 2 compromise between the most
alter the mmwcm:“t attamnable as regards tho system as a whole If
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S e, D eyt e e e g
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ine-gun fire from the flanks or from mzssml:rcovercd by octilery
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21. Rear systems.

! ’

1, To cover areas of great importance or where very heavy attacks
are expected, it is necessary to construct defences in greater depth than
that afforded by one defensive system in order that the enemy may be
prevented from penetrating all organized defences in one rush or as the
result of one offensive operation.

In such cases one or more rear systems of defence will be constructed
at such a distance behind the system in front that the enemy will be
forced to move his artillery and organize a fresh offensive.

Such rear systems will invariably be organized as desoribed abova
with a mainpzone and a forward zone,

2. Switch systems may be constructed to connect one defensive
system with those in rear in order to localize a break through by the

enemy. ©
22. Priority of work.

The priority of work on the construction of all the various parts of
the defensive system is a matter which will be decided by the commander
according to the labour, time, and material likely to be available, bub
generally will be:—

i. Siting of weapons and 0. Ps,—Artillery, machine guns and
infantry posts, and marking their positions by pickets, tapes,
or spit-locking the ground.

ii. Constructing observation posts and machine gun pogitions to
get the greatest fire effect in the shortest possible time. .

. Creating obstacles so that the enemy may be hindered in his
assault, and that the defender may shoot him while in diffi-
culties.

Digging fire positions 3 feet deep so that the defender is pro-
tected and in a comfortable position to shoot the enemy.

. Clearing and improving the field of fire so that it may be difficult
for-the enemy to approach the position unseen and that it
may be easy for the defender to shoot him in the open. )

Improving communications by making gaps in hedges and im-
proving roads and tracks so that it may be easy for the
defender to transfer his troops from one part of the position
to another, under cover, and difficult for the enemy to know
the real strength at any point, and construction of signal com-
munications. .

vii. Gompleting the fire positions and connecting them up wntg
shallow communication trenches so that the enemy may fin
it difficult to know which are the fire positions in the air
photographs. (See also Sec. 5, appendix X.)

viii. Constructing dug-outs for headquarters and signals.

ix. Completing the communication trenches, .

x. Constructing dug-outs for the protection of the garrison under
the heaviest shell fire, so that the greatest number of men may
be available for counter-attack.

L}

i

[

i
iv.
v

vi,

23. Defended posts and “localities.

1. Detended posts and defended localities af;ethfi eizlgilllgdapggfﬁwgg

self-contained defence works, whether they
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protecting some tsolated pomnt, or whether they are the groups of
trenches or defended localities forming the frameworh of o complete
defensive system

In order to prevent the enemy !ocntlni the exict extent of such

important defences, 1t 1s necessary that they should be extended or

d to neighbouring def: at the earliest possible oppartumt§

50 that their 1dentity may be merged mn the general trench system f

this 15 not done 1solated defended posts run grave rishs of being obli-
terated by artillery fire, or are hiable to an 1solated attach

2 Defended posts consist of a group of trenches or shell holes smt-

sble for a section or corresponding unmit  They must be designed and
nited 1o bring fire to bear 1n any required direction, especnlly to cover
!heeﬁmund between and 1n front of neighbouring posts They must be
wired, provided with observation posts for the garrison, and must_be
capable of all.round defence Storage accommedation must be provided
for water, ammumition of all sorts, rations and tools

Defended posts may be situated 1o any portion of a defensive
system, camouflaged from observation by the intricacies of the trench
system 1n which tghev are located, or concealed by natural cover such as
woods or hedges 'They may often consist of short lengths of trench
grepnred for fire at_ )unctions of fire and communication trenches

{achine-gun posts will normally be clear of the trench system and wmil
depend on natural cover or artificisl camouflage for concealment

3 Defendsd localities consist of an orea of ground orgamzed for
defence by n definite umt such as a platoon, company, or battalion
Thae 0 . 77" T 7 osts so sited ns to cover all the

. ~ahity with fire and to cover all

. . locahties Each defended post

- . o 1ts neighbours, and be con-
- flanks and rear

Accommodation for the reserve must be provided in the rear or on
the flanks of defended local o for water, ete, 1n
addition to any shelters within the defended posts

Obstacles must be provided in the front and flanks and where neces-

#ary in rear nlso, the necessary gaps being left for counter-attack, but
50 gaps must bo concealed from direct obsersation

28. Villages

1 Each village — " ~ - Te ot ding to its situz-
tion and extent within the ; :s::.
tion or not must o the Le of the

enemy, if he 13
allowed {0 ml:‘p{ Ilnd lt‘hefbcﬁ'cct of
u Aso harbour gas
\r:c:ede c:::i.:’.‘.‘f..d‘ !.rpr; !)rorlfle' cover nAnd opportunities for n pro-

whether rm “are et
dn pri
on bc‘n‘l:‘ﬂa‘:xh and joining u i e oL i ress advanaing
defences shoul | bo ‘prossied ou, T

full uee must bol::':s'l:o;;di(‘l:]o oc::fz:": ' . * '

walls, ete, which generally abound - . ] !
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surprise the attack. These defences should be connected by trenches to
the cellars within the village. The roofs of cellars should be strengih-
ened, and tho cellars should be connected by subways, and provided with
at least two entrances. The debris will provide opportunities for con-
cealed Lewis gun positions. These should be so prepared as to cover
the flanks of and all approaches to the defences (Plate 17).

2. A keep, or keeps, should be prepared on the outskirts of the
village, and towards the rear flanks, so as to assist in the re-capture of
the defences by counter-attack,

25. Woods.

1. The inclusion of woods within a defensive position depends *on
their situation and extent. Woods harbour gas and, if heavily shelled
with gas shell, they are untenable by attacker or defender. Woods of
small extent may be converted into obstacles to break up the attack,
by entangling their outer edges with wire, Sec. 48, 5, and siting trenches
and machine-gun emplacements to flank them. If they are of large
extent their inclusion_within the position will be advisable, if possible,
because (a) they afford cover for reserves, working parties, stores, tram-
ways, ete.; () if the enemy is allowed to occupy them, they give cover
fcég 1:}1\rge concentrations of his troops; (c) they give cover from tank
attack.

The system of defence should be designed for (i) the occupation of
the wood; (ii) preventing the enemy from filtering into the wood when
occupation of the trenches in it is 1mpossible on account of gas.

2. The position of the trenches should be far enough from the front
edge of the wood to prevent the enemy’s artillery ranging on the front
edge from affecting the garrison. Wide clearings will have to be made
in order to obtajn a field of fire, and.trenches and machine-gun positions
must be sited to flank these clearings (Plates 18 and 18); subsequently
the trenches will be connected up into a continuous system. The entry
of the enemy into the wood must be prevented by entangling the front
edge and providing fire to flank it. In extensive woods, wide rides
through the wood should also be cut and trenches and machine guns
sited outside to enfilade them.

)
3. Passages within the wood must be cleared to assist communication
and plenty of direction boards provided, so that any part of the defences
can be reinforced and counter-attacks can be launched without losing

direction.

26. Shell-proof accommodation.

1. The construction of shell-proof accommodation is described in
Chapter XIV. The position of all dug-outs, shelters, etc., must be
decided, so that work may be begun on them as early as possible.

9. The order of their construction will be decided by the commander
under whose orders the defensive system is made, but generally will
be:—

i. Observation posts. Machine-gun emplacements. Brigade and
battalion headquarters. Dressing stations.

1. Accomtnoclation for the garrison.
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+
27, Notice boards and cables

1 To through the position, there
must be plenty of notice boards  These should be used to show —

1 The names of the various sectors and trenches
n The names of the defended posts and localities
m The allotment of troops to the position
[Lanterns should be provided for use at might ]
2 Burted cable —To ensure signaol communications throughout a
‘)osman, cables should be buried 1n_all situations exposed to shell fire

\ kenever time permits the trench dug for the cables should be at least
6 feet deep

18 Defence of camps and small posts apainst a badly armed enemy

1 When operating 1n pountatnous country agamst an uncivilized
= 1 v 4 - v st e 1 «he Jeading consideration 1s
w he can bring eflective fire

neglected cven when the

When at rest protection is best afforded by the construction of a
camp, as nearly as possible rectangular in Shar:e with blunted corners,
with defences arranged around 1ts perimeter, the three principal pornts
to attend to are —

1 A+ ? L 1 ~~ sc or prquets, placed so
and to_deny to the
bring effectne fire to

11 The defensive perimeter round the camp must be clearly defined
by a breastwork or a good obstacle

it All exits must be traversed and bloched with obstacles by mght

When the number of the defenders 15 nsufficiont to provide an all-
round defence, the perimeter must be defended by flanhing fire from
®orhs constructed with that object, theso works should be strengthened
to the fullest extent posstble 1n the timo available and the interior
defiladed from firo from all sides  If possible they should be surrounded
*ith wiro or as formidable an obstacle as possible

The positions to be taken up 1n order to repel a mght attach should
be marked out as soon as pmslll;lo after the force has reached camp  If
there 13 only timo to do this with a line of stones, 1t will give the

efenders s definito Iine to occupy and hold on to

For mncon wng = = = =a swann chanld penerally ocenpy the samo
e -’T o - . . ‘ . " muj.;t bo sacnificed ta
e . « very important that

e would bave to hold 1

Lase o1 attack '

In selecting a camp mite attention must be paid ta the
ard its protection, but the first consideration 15 &
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wurprice the attack. These defences should be connected by trencher to
the eollnra within the village, The roofs of cellars should be strength-
ened, and the cellars should be connected by subways, and provided with
at Jeast two entrances, The debris will provide opportunities for con-
cealed Lowis gun positions,  These should be so prepared as to cover
the flanks of and all approaches to the defences (P}nte 17).

20X Keep, or keeps, should be prepared on the outskirts of the
village, and towards the vear flanks, so ns to assist in the re-capture of
the defences by counter-attack,

25. Woods,

1. The inelusion of woods within a defensive position depends ~on
their situation and extent.  Woods harbour gas and, if heavily shelled
with gav shell, they are untenable by attacker or defender. YWoods of
smnll extent may he converted into ohstacles to break up the attack,
by entangling their outer edges with wire, Sec, 48, 5, and siting trenches
and machine-gun emplacements to flank them. If thoy are of large
extent their inclusion within the position will he advisable, if possible,
heeanse {a) they afford cover for reserves, working parties, stores, tram-
ways, etecs () 3f the enemy is allowed to occupy them, they give cover
f(tu{ I:)xr;;v concentrations of his troops; () they give cover from tank
atiack.

The systemn of defence should be designed for (i) the occupation of
the wood: (ii) preventing the enemy from filtering into the wood when
oceupation of the trenches in it is 1mpossible on account of gas.

2, The position of the trenches should be far enough from the front
edge of the wood to prevent the enemy’s artillery ranging on the front
ndge from affecting the garrison. Wide clearings will have to be made
in order to obtajn a field of fire, and.trenches and machine-gun positions
must he sited to flank these clearings (Plates 18 and 18); subsequently
the trenches will be connected up into a continuous system. The entry
of the enemy into the wood must be prevented by entangling the front
edge and providing fire to flank it. fn extensive woods, wide rides
through the wood should also bhe cut and trenches and machine guns
sited outside to enfilade them.

i
3. Passages within the wood must be cleared to assist communication
and plenty of direction boards provided, so that any part of the defences
can be reinforced and counter-attacks can be launched without losing

direction,

26. Shell-proof accommodation.

1. The construction of shell-proof accommodation is described if
Chapter XTIV. The position of all dug-outs, shelters, etc., must be
decided, so that work may be begun on them as early as possible.

2. The order of their construction will be decided by the commander
under whose orders the defensive system is made, but generally will
be :—

i. Observation posts. Machine-gun emplacements. Brigade and
battalion headquarters. Dressing stations.

1. Accorumudation for the garrison.
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21. Notice boards and cables

faerlit

1 nter- throughout the position, there
must be plenty of notice boards These should be used to show —

1 The names of the various sectors and trenches
1 The names of the defended posts and localities
m The allotment of troops to the position
[Lanterns should be provided for use at might ]

2 Buried cable.—To ensure signal communications throuihout a

asition, cables should be huried 1n all situations exposed to shell fire

ﬁ"fhene{\! er time permuts the trench dug for the cables should be at least
eet deep

18 Defence of camps and small posts against a badly armed enemy

1 When operating 1n mountaunous country against an uncivilized
enemy, vk~ o'l T4 — 1 —Li 4t Y ohe Jeading consideration 13

fo deny . he can bring effective fire
o bear, neglected even when the
country

When st rest protection 1s best afforded by the comstruction of a
camp, as nearly as possible rectangular in shape with blunted corners,
with defences arranged around its perimeter , the three principal points
to attend to are —

LA - - posts ordpuluets, placed so
aches and to_deny to the
ould bring effective fire to

1 The defensive perimeter round the camp must be clearly defined
by a breastwork or a good ohstacle

- All exits must be traversed and bloched with obstacles by might

When the number of the defenders 15 1nsufficient to Emvnde an all-
N

round defe;
works cons!!:?’:‘ t&ze_;:gm}:efer‘ muft ‘Iee defended ‘by ‘il‘n mg ﬁr?‘ from

to the full
defiladed frisr
with wire or

N

be ;‘;‘he positions to be taken up in order to repel a mght attack should

“_En\rkcd out as soon as posslgle after the force has reached camp If

defends only time to do this with a line gf stomes, 1t will give the
ers & definito line to occupy and hold on to

F;or Onven ~Amar - . T A - -

£

@ N e .

rel,

LI . ) i
I
and ‘:‘:4‘:“-‘:'"!: % camp site attention must be paid to the water sun

otection, but the first consideration 15 a good position w},ﬁ’c’i
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nntiradly aseists the defence against the most serious danger of a pos-
sible might attack,

Night Intrines wust be constructed inside the camp as no one is
sllowed outside the perimeter aftor dark.

2, When n;wruti.n;: in bush or forest country the conditions closely
reomble those of night operations,

When at rest vigilnnee by night is of the greatest importance; the
defence of the camp should therefore he formed on the perimeter system,
woll guarded by ohetacles with barbed wire, even a single strand of wire
at n height of about 2 feet from the ground, a short way out from the
perimeter of the camp, may be of the greatest use. It may, under
cortain cireumstances, be advisable to apply this principle whenever the
force halts in order to provide protection for the non-combatants and
transport, These improviced delences may toke the form of Inagers or
zarchas,  Langers are enclosures formed with the vehicles accompany-
ing n foree, supplemented by breastworks of pack saddles, stores, ete.,
and strenpthened with trenches and abatis, Zarebas are enclosures
fenced in by abatis of thorn bushes. It being most important to obtain
n clenr field of fire, tho bush nearest the side of the camp must first be
removed and arranged round the perimeter, ILarge trees should not
be cut down as they nfford less cover if left standing. Subsequently
tracks nnd hollows by which the enemy might approach may be filled
with thorn scrub if time allows. Villages and old camping grounds
should be avoeided when sclecting o site for a camp; the site should be

up wind if near a village.

3. In local operations, hints as to the best design of defensive work
may generally be got from the enemy, who will have evolved the types
best suited to local materinls, as well as to resist the form of attack and
weapons which he will employ against us. Such types, when improved
by the light of our own knowledge, modified to suit our weapons, and
executed with the aid of good tools and enginecring skill, will, as a’'rule,

be suitable for our own use.

Plate 20 gives a typo of a defended post, for use against an un-
civilized enemy or when not exposed to artillery fire, where the block-
houses are arranged to cnfilade the lines of obstacles. South Africa
produced corrugated iron and shingle blockhouses, surrounded by barbed
wire; on the North-West Frontier of India, stone sangars are the rule
(Plates 206 and 207); in the Soudan, breastworks of sand and thorn
zarebas. Where railway stations have to be protected, blockhouses
stockades and splinter-proofs made of rails, and loopholed buildings will

predominate.

29. I'teld defences of a coast line.

1. Works intended to resist the attack of a landing force will normally
be sited, chiefly with a view to obtaining the best fire effect on the
enemy while he is approaching in boats or in the act of landing; con-
cealment of works from direct view of the enemy artillery is of secondary
importance.

Generally speaking, the System of defence should be one of mutually
supporting defended posts or localities by which troops may be econo-
mized and the risks attached to the provision of a number of detached
works avoided. Any advanced trenches, which may be found necessary.
must be definitely affilinted to a defended locality.
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2 The or of ob les 1n the defended locality should be
ss deseribed 1n Chapter VII, except that, 1n the case of coast defences,
there 1s less objection to the obstacle round a defended locality being
conspicuous

3 The rules for siing machine gun emplacements (Chapter VI}
apply equallv to this nature of defence works

4 Special attention should be paid to establishing * Road blocking

ts' to command the junctions of roads leading from the coast
inland to ensure that cvchists or other fast moving troops may be pre
vented from penetrating

5 The development of a defensive system behind the defences on the
cotst hine follows the principles laid down for positions inlan

6 The coast hine mar be classed under the following heads —

1 Shingle beaches

1 Sand hills

11 Marshv shores with seal walls
1 Clav chiffs

v Chfls of chalk or roch

w1 Town fronts

1 Shingle beaches —The chief difficulties presented bv the<e are —
(@) The ever varying nature of the beach under the action of the
W

{b) The risk o1 casmalties cauced by the slungle under artillery or
machine-gun fire

4 shifung beack nvolres constant changes i the £eld of fre, 2rd

! bl 1on of defs aed

considerable dimage to af not
obstacles

It must therefore be recogmzed that a position in this clzss of
coast hine calls for the highest order of vigtlance and industry on 1ee
rart of ity garr on

The defences should be of the simplest nature, trenches sk ,e’d 4o
u‘t«l on the crest of the shingle bank, obstacles of a portal's seevee
s}:ull be made and held in reserve ‘to supplement the perzopyers
of tacle at such places where 1t 1s most hiable to damage by the 2 “lom
3; ¢ 2 Sardbags filled with «and or earth skonld Le wo-ed g
i: ’Y;l’:f HJTS *o rectifv small changes 1n the height of prozpeis aud
meat protectt n agmunst fiving pieces of shingle duriey 3 Donuiuee.

1 San1hills —Posutions among sand hills have diadrae s
iy

19 thos described for ahingle hesches, trench s ard gheta ov. 20e po
Nt unler e action of wind and sca are often tosaly o, aq o
fanl hlls v the -
ir peculiar 1rregularnities a®

mn%nhgmt for the troops 1n occupation

ed len must ) erefore be suted to '

o deye et it vy 4
frachant fore hore to the Izl ext degree poweib .y, ottt
o LI’: b inz hiseelf an @ position frors wh b go g gy A

Stell evin
£TUAL extent
~nalaratly &

P R

of the §eaviest natures do p
the biatihity to casualtiey from

proeece w4 s
Y, -y .
reater thap 1n allunal groand . © A B,
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iii. Marghy shores with sea walls.—The properties of this type of
coast line are, shallow water on the fore-shore, poor roads inland, good
obstacles provided by the drainage dykes. Defended localities may be
sited, in such cases, at greater distances apart. The sea wall gives
good cover to the defender, but usually provides a parapet for frontal
fire only—flanking fire must be developed. Special attention must be
paid to the defence of road junctions, bridges, etc.

iv. Clay cliffs.—The constant changes in these cliffs due to erosion
by the sean and weather render the occupation of the face dangerous.
and sometimes impossible.

THe main system of defence should consist of a continuous entangle-
ment on the top of the cliff with the defended localities, or posts close
to it.

Sites for hasty trenches or machine-gun emplacements on the lower
slopes should be selected and constantly checked and revised, and
material for obstacles should be stored in the immediate vicinity, to
put in hand and completed on the necessity arising.

Access to these lower positions must be arranged for beforehand.
Every opportunity to develop cross fire from the top of the cliffs on
the water and beach below must be seized. /

v. Cliffs of chalk or rock.—However inaccessible a cliff may appear,
it should never be assumed to be so.

Where it is impossible to obtain effective fire over the foreshore,
defended posts must be established at the heads of all ravines debouching
on to the shore, and arrangements made to ensure that the line of cliffs
is watched when the necessity arises.

vi. Town fronts are usually strong against frontal attacks because
of the cover afforded to the defenders by the buildings from which the
esplanade can be swept. The sea wall usually provides an obstacle to
an advance from the beach. This can be improved as shown on Plate
a1.
Attempts to take these positions would usually be made from the
flanks, which should be defended in the ordinary way.

In order that the convenience of the public may not be interfered
with. unduly, ramps leading to the beach, and streets leading from the
beach inland must not be blocked, but portable obstacles must be made
and stored at convenient places for use when necessity arises.

The beaches should be swept by machine-gun and rifle fire arranged
from inconspicuous positions in the esplanade wall and steps. Piers
should be prepared for demolition, by explosives and fire.

7. Groynes.—The shifting nature of beaches constantly affects the
degree of cover which groynes may afford to an enemy. L.

They must be inspected frequently and the defences must be fevised
ffirom time to time to ensure that the beaches are adequately swept by

re.
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iii. Marshy shores with sea walls.—The properties of this type of
const line are, shallow water on the fore-shore, poor roads inland, good
ohstacles provided by the drainage dykes. Defended localities may be
sited, in such eases, nt grenter distances apart. The sea wall gives
rood cover to the defender, but usually provides a parapet for frontal
firc only—flanking fire must be developed. Special attention must be
paid to the defence of road junetions, bridges, ete.

iv. Clay cliffs.—The constant changes in these cliffs due to erosion
by the sen and weather render the occupation of the face dangerous.
and sometimes impossible,

THe main system of defence should consist of n continuous entangle-

ment on the top of the cliff with the defended loealities or posts close
to it,
Sites for hasty trenches or machine-gun emplacements on the lower
slopes  should he selected and constantly checked and revised, and
materinl for obstacles should be stored in the immediate vicinity, to be
put in hand and completed on the necessity arising,.

Access to these lower positions must be arranged for beforehand.
Every opportunity to develop cross fire from the top of the cliffs on
the water and heach below must be seized. /

v. Clifls of chalk or rock.—Fowever inaccessible a cliff may appear,
it should never be assumed to be so.

Where it is impossible to obtain effective fire over the foreshare,
defended posts must be established at the heads of all ravines debouching.
on to the shore, and arrangements made to ensure that the line of cliffs-
is watched when the necessity arises.

vi. Town fronts are usually strong against frontal attacks because
of the cover afforded to the defenders by the buildings from which the
esplanade can be swept. The sea wall usually provides an obstacle to
an advance from the beach. This can be improved as shown on Plate
41.
Attempts to take these positions would usually be made from the
flanks, which should be defended in the ordinary way.

_In order that the convenience of the public may not be interfered
with- unduly, ramps leading to the beach, and streets leading from the
beach inland must not be blocked, but portable obstacles must be made
and stored at convenient places for use when necessity arises.

The beaches should be swept by machine-gun and rifle fire arranged
from inconspicuous positions in the esplanade wall and steps. Piers
should be prepared for demolition, by explosives and fire.

7. Groynes.—The shifting nature of beaches constantly affects the
degree of cover which groynes may afford to an enemy. L.

They must be inspected frequently and the defences must be fevised
firom time to time to ensure that the beaches are adequately swept by

re.
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sungle sheet of galvamized iron, or other cover aganst ruin will be
iwvalaable, and will greatly assist belt filhng

31. Concealment and drammage of emplacements

1 Many machine-gun emplacements depend for their secunty on
concealment, and 1n all of them 1t 1s of first importance The subject of
roncealment 1s dealt with in Appendix X

The following paragraphs however, show how a hastv machine gun
emplacement may be concealed, when no materials except those found
locally are avmlable

2 A camoufiage screen should be improvised, 1f possible, large
enough to cover tho whole emplacement For an open emplacement
thls should be abont 8 feet by G feet and can be made of strips of sand

o The netting sliould be fastened

. and _the other 2t one end The

" " with the pole at the centre over

. sther pole which 13 placed across

the front of the emplacement can bo rmised when 1t 13 desired to fir
(Plate 23, Fig 2) The screen can be carried rolled round the poles

3 Tracks are very conspicuous from the air It 18 impossible to
avoid making them, but they will not disclose the position of the em-
Lﬂ‘\ce'l’x)\cnt 1f some procedure such ns the following 1s adopted (Plate 24,

)

Lead_the team past the position chosen to another 50 or 100 yards
SFay  Dump stores there, and occupy this as o temporary postion

warks can be made

4 Fxeavated carth 1 conspicuous, especially from the mir  Small
€Ieavations may be thrown into a dm‘l hole, but any considerablo
exeavations should ho removed 1n sandbags well awav from the position
“’ﬂd dumped round & dummy position  Approaches to a position rhould
@ constructed by sapping towarde 1t so that the earth ean be carried
&way along the sap.

5 Work must be concealed during ats progress Tor instance, 1f a
Titfarm or chamber has been dug out during the night, and 1t has not

1 possible to roof 1t over o camonflage cover should he thrown over
“20 warh before davhight and all tools and materials hidden under the
ver

8 Concealment of deliherate emplacements includes the concealing
°; 8l traces of work and occupation and requires to bo carefully
:“::‘r:"d on the hines laid down 1n Appendix X, before any work iy

e 7. Drainage and revetment of machine-gun emplacements must be
S rried aut on the same lines aa the dranage and revelment of trenches
deetibed 10 Chapter IX
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iii. Protection, in the form of shelters, dug-outs, ete., s required
for the gun and personnel against their destruction by fire
not speeindly directed apainst the position, such as area bom-
hardmenta,

[Thewe eonditions nre difficult to reconcile, and the choice
of wite will be n compromise.

fi. In mobile warfare there will seldom be time for elaborate emplace-
wents, and guns will have to rely entirely on concealment for their
protection,

7. 1o poation warfare more elaborate emplacements can be provided.
The preatest care muct hoe oxercised to prevent these heing discovered,
vither 1t proces of constraction or swhen thoy are occupied.

In the forward area, owing to the diffieulty of constructing and
eowrealing strong works, the type of emplacement will be that whick
can he enuenaled qnost easily, and, owing to the likelihood of such posi-
tions botngs surronnded in the ease of determined hostile attack, em-
pinccments tor alleround fire shonld be provided ns described in Sec. 33
with n <hell <1it tor the personnel (Plate 58).  Such an emplacement
should be «ited generally away from the trenches, to avoid the fire
dirertod on the trenches.  Aceiess should be obtained by means of o
carefully camouflaged trench or subway, to avoid overland trocks, which
are very conspienous from the air,  If 5t is impossible to avoid making
tracks, the.e <hould be continned heyond the position orcupied to 2
dummy po.ation, or to other trenches,

Farther back, it will be pocsible to bring up specinl materials and
construct strong emplacement~,  In most ecases there will also be more
vover, such as woads, hedypes, buildings, in which the emplacements can
be concealed, 1t will he possible, therefore, to construct splinter-proof
cmplacements (Plate 28, Fig. 3). emplacements proof against light shells
up fo d-inch, a shellaproof eoncrete emplacement, or an elaborate post
connected by underground passages. Such a position must not be sur-
rounded by helts of high wire which would show up the presence of the
work from the air. I tactical wire is used (Sec. 33) to force the enemy
to advance in a partienlar direction and to bring him into the belt of
machine-gun fire, machine-gun emplacements should not be placed 1n
the angle of the wire, where the enemy is hound to suspect their pre-
sonce; dummy cmplacements may be made at these points if time per-
mits; but the real emplacements should be sited in concealed ground
to a flank or in rear. :

8. In covered-in machine-gun emplacements, the firing of a few
hundred rounds will cause the machine-gunners to be gassed and ren-
dered unconscious by the earbon monoxide in the cordite fumes, release
mainly from the muzzle (but, to a small extent, from the breech also
unless good ventilation is provided.

Arrangements should also be made for ventilation at the back of the
emplacement to create a through draught.

9. In most cases, posilions for harassing fire, or for covering an
attack, are chosen for one operation only, and need not be of tsuce
strongth as is necessary for emplacements of a more permanent na .111'01-_
These may consist of shell slits with open platforms for firing ;
emplacements with light splinter-proof cover and_ wide loophole,ﬁ su o
as that described in See. 32. In wet weather, when sustnmed' Iif s
required, and when there is no opportunity for an elaborate work,
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2 Open emplacements are the same as those already described, ex
cept that better proviston can be made for the personne!
Theso are required 1n forward areas, when it 18 mpossible to con
et ST eL e e e wet T o o Y cement . When
. s, the emplace-
When located
- , . which the gun
mounting e1n stand_ In hoth cases, the emplacement must be camou
fiaged from overhead observation
3 pRampnea f,-- pm-te
15 mer
8 well .

. . o, ag
o

aramt

withot .
pairs should not exceed 35 yards
This ty‘)e of emplacement can only be used 10 localities where the
water Jevel admits of the construction of dug euts It 13 espeenlly
suitable for employment 1n_an aren normally liable to shell fire, more
particularly 1n mites under direct observation from the enemy’s aliserra.
tion posts, s 1t 15 invisible to ground observation and easily camouflaged
trom the arr  When under direct_obsersation, 1t 18 most undesiratle
that any splinter.proof cover should be provided, 83 it may discloso the
emplarcment m,J" render 1t more difficult to femove casuslties A
woL * 7 ]

wor
whi
Ten
- . Ao Mmoo u vmoel S -—o emplace
. = the use
) protect
- . ' 1 prefer-

Details of the T-buso for the open machine gun Platform of s Cham.
1agne emplacement are shown on Plate 26

4 The more permanent types of empl made of e
concrete are not dealt with 1n this book, thev are deseribed 1u Military
Engineering, Vol II (Defonces)
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32. Hasty emplacements.

1. These consist generally of an open emplacement of the dimensions
shown on Plate 22 for open ground, or as shown on Plate 23, Figs. 4
and 5, when firing from banks or shell-holes. .

The platform should be cut well into the bank or parapet, so that
when covered the work will not appear to break the continuity of the
bank. Cover for the personnel should be provided in the form of shell
slits (Plate 54).

Where the ground is soft or unstable a T-base (Plate 26) must be
placed in position on the platform.

When further time is available, a light roof can be built over the
emplacement to give cover from weather. The roof will consist of about
2 sheets of corrugated iron or boarding, supported on 8-inch by 3-inch
rafters, about 7 feet long, resting on light poles or 4-inch by 4-inch
scantling about 4 feet long. ’

Tho inside of the emplacement should be revetted (Chapter IX), and
a box or slit loophole will be required for the gun to fire through.

Only enough earth should be thrown on to the roof to hide it. It
more than a few inches of earth are used, the emplacement will collapse
when a shell bursts near it, the occupants will be buried and the gun
put out of action.

2. Emplacements proof against light shell up to 4-inch can be made
if one of the shelters described in Sec. 101 is available (Plate 28, Fig. 3),
but it is generally better to rely on concealment for protection unless
one of the emplacements described in Sec. 33 can be made.

The minimum dimensions of machine-gun emplacements are given
on Plate 21. .
The roof covering over the shelter should be:—

i. Two feet thickness of earth next to roof. L
ii. A burster course of 1 foot to 1 foot 6 inches of hard material,
e.g., stones, brick, etc., in sandbags.
iii. Enough earth for concealment.

A double course of logs wired together as used in Sec. 105, 4, 18 3
useful addition.

A box loophole must be provided to fire through. The emp]acement
should be built as low in the ground as will admit of the required field
of fire, otherwise it will form a very upstanding targeét.

3. Hasty emplacements will often be made in shell-holes. They are
made on the lines indicated above, but should be as simple as possible,
so that they may be concealed. Plate 23, Figs. 1, 2 and 3, shows a type
of this kind of emplacement; in Fig. 3 the camouflage cover has been
removed to show the framing of a light weather-proof roof.

Drainage in this case is best effected by carrying the water off to 2
deeper shell-hole, but the drain must be camouflaged. ,

33. Deliberate emplacements.

1. These may be classified under the following types:—
i. Open emplacements. . .
ii. Champagne type, which is also an open type, but which gives
dug-out accommodation for the team in addition.
iii. Reinforced concrete pill-box.

~
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2 Qpen emplacements are the same as those alreadv described, ex-
ee;t that better provision can be mnde for the personnel
These sre required 1n forward areas, when 1t 1s ampossible to con-
wouct erther the Champagne type or the concrete emplacement When
wustructed 1n 1solated positions away from the trenches, the emplace-
zent should be 1n the form used 1n the Champagne tvpe  When Jocated
12 » trench posttion, all that 1s required 13 a piatform on which the gun
mounting can stan Tn both cases, the emplacement must be camon-
fazed from overhead observation
! t 1tself (Plate 25)

3 type The
1 merelv & rectangular pit with revetted sides. A base 1s pronided over
a well, mving access to the dug-out below Eraplacements of thus type
are gererally constructed 1n pairs communeating »1th 3 single dug-ost.
But, 1n order that the gun detachment mav reach the emplerement
without delav, the distance between the emplacements conptrucied 1n
pairs should not exceed 33 yards

Thas t of emplacement can onlv be nsed tn localities where the
water level admits of the construction of dug-outs It 15 expemslly
smisYle for employment 12 an area normalls hable 1o sbeY) fre, wmore
particularls 10 sites under direct observation from the eneny’s Ghims ra-
tion posts, as 1t 15 tnrisible to ground obcervation £nd ezsddy camonfaped
from the sir  When under direct observation, 1t 15 sat podesrzble
that anv sphinter-proof cover shonld be provided, as 1t wmav dirlse the
emplancment and render it more colt to remore ceeugMis A
wour? ¥ B BN NSt A b gpmedd gpmreonly oo el S 6
work .. .. » LRI R ' .
xhl - . M f e .. T
regd: - . PP e f *

In the srea not pormalls hable to shell f£re, Churrg Ty
ments are sl most valuable, but their constroction ’fﬁ«ﬁ’if, 1!’:&::
of much matera) and Iabour, and they shonld onlr be uwed 4g P
pomnts of rperial tactical tmportancs  Thev thould Le used gp grefer.
Hll;:o coacrete exmplarements wheverer poseille

tails of the T-bate fo 1he o mardane.cer 4764 o 5 1
Pﬂgf!{;pkm:':t Zre shown oz’;;:;’?’y/{rl‘ et vTa e
moe permaatenit PRt of emplaernients uate of srifgroed
corerete Q! e ¥, 4 it
SR D

-
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CHAPTER VII

OBSTACLES
34. Siting of obstacles.

1. Obstacles are used to check or direct into certain channels the
movements of enemy troops advancing to the attack and to hold them
under fire as long as possible.

Obstacles are of two kinds:—
i. Tactical.
ii. Protective.

2. Tactical obstacles are intended to:—

i. Break up an enemy’s attack formation.
ii. Restrict his power of manceuvre.
iii. Force his troops into positions in which they are more easily
dealt with by fire, particularly machine-gun and anti-tank
fire.

These obstacles are, therefore, sited in conjunction with the machine-
gun and anti-tank defence (Plate 27).

They usually take the form of irregular blocks of entanglement, or
wired areas, such as small woods and stream beds and anti-tank mines.

3. Protective obstaoles are intended to hold the attackers under close
rifle fire of the defenders. An obstacle will not stop the advance of a
determined enemy unless the ground immediately in front of it is under
effective fire from the defender.

They must be sited, therefore, in conjunction with the infantry
defences. Enfilade being the most effective form of fire, the obstacles
should be so sited that their outer edge is under enfilade fire from some
portion of a fire trench.

They should be far enough from the trench to prevent the enemy
from bombing the occupants with hand grenades, but not so far that
they can be cut under cover of darkness or mist. The trace must be
irregular not parallel to the trenches, but arranged in bold zig-zags,
so that the obstacles are not destroyed by the same artillery barrage as
the trenches, Generally, these conditions will be fulfilled by keeping
the obstacle a minimum of 80 yards and a maximum of 100 yards from
the trench, and they must not afford any cover to the enemy.

4. In spite of the great improvements introduced for the destruction
of obstacles by artillery, experience shows that a well-sited and well-
constructed obstacles has always some value even after the most severe
bombardment.

5. Obstacles should be hidden from direct observation as far as
possible in hollows and folds in the ground, behind and in hedges an
ditches, below banks, or in brushwood, woods and crops.

In special cases it may he desirable to sink the obstacles in trt%ncéle:é
but labour is rarely available for this heavy work, and this m% ohere
concealment is usually confined to those portions of the fromt W
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bresstworks have to be built—the borrow pits are then laid out and dug
with this end 1n view (Plate 28)

§ A sunken obstacle 1s of great value where defence against tank

|- 1w wan =ad 4 wnvenw o wlon gbsticle will not check the tank,
the wire to form a passage for the

: cle will thus have the effect of
nhs and infantry and will go far

7 Obstacles should be dufficult to remove or surmount and are more
effectiye 1f, m order to destroy them, the enemy 1s forced to carry
spectal equipment Special attention should be pad to their anchor
ages

B An obstacle covering a1 considerable sret 1s less easily crossed or
destroyed and 1s less sisible on ur photographs than one made with
the same quantity of material concentrated 1n a narron belt A umform
thickness and depth of obstacle should be 1vorded —Irregularty tends
o breik up an attack  Eserv opportumiv <hould be taken to form
pockets, tn wlich the enemv will be held up under fire, by making
obstacles along communication trenches (sce Scc 46)

35. Gaps  *

1 The only gaps required 1n front hine wire are a few small con
cealed exits for patrols, 1n rear hines, however 1t 1s mmportant to have
plenty of well marhe - to advance

rough, or 1n order be hindered
and deliyed under t be provided
with kmfe rests wire concerunus, e, so i 1 a windrswal, they
may be closed rapidly by the last troops to pass through them If a
£3p 13 1o be closed with hmfe rests, the ends of the entanglement on
each mide must be square so that a complete block 1s effected (Plate 29)
ke knife rests must be securely anchored to the entonglement or to
¥ m;l! ickets driven into the ground therr inner u«nds being provided
:n! oops of plain wire with which they can quichly be connected
f;_ge(ger when 1n position ncross the gap  Gaps for mfantry should be
{‘0:7:‘: dt‘d about every 100 vards, to avoid additional gaps, they should

":! :::;3 :l‘:;’;:‘l‘:lflf:ilog %re?ches where ::udllde““ They should

e obstacle z
cated for o mounusci! o rstad] one but should not be too comph

2 Rowd gups are extremely imy

portant and must be earefully pro-
l;'l:(td]for hfocimg (Plate 30) as they are the winkest pomnts xyn pthe
ostacle rone Al here thev are numerous the infantry gaps should be
) . "
w o . " 'Y .

3 Where sufficient
roads and tracks do not exist, specinl artall
mig:l:“be xnl':do every half mile, thev <hould go Siﬂ‘"g‘:i !hm“lﬂll :{l";
1o levee sone. ® o;lxld be well marhed and arringements must be made
Famps o cl;er;c“ ‘ml‘d“g opposite them or to bridge existing trenches,
1 veable ye s w:nn:::nchos should not be made, as they becomo
The ohyact
br cles must be | rotected from damage b
Fo¥s of strong posts on each side of :llll: gnxr:ge * muns and velicles
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VoSpe b pap moct he aamde for ennnter.attack, and no ohstacls
~haubl be pesede sithout reterence to the commander of the sector of
defeue,

S0 M eape chondd b well misrled either by e

o basrd .,

11, l'm};{irzst thi peate nt the «ide. of the pap swhite on the defender’s
“lefer,

Brory  effort mart he o made, howover, to caneceal these gaps from
ho-tile grouwd nod air obervation.

36, Onder nf pricrify of work,

1. The obitacles of o defensive potition should be made in the fol.

fuwing order of priority s

i. Anti-tank obatacrhs where rpeeinlly ardered,

ti, A eantinunn defonsive abatarls will be made throughout, ex-
copt for anieh gaps oy nre deceribed nhove,

i Thic sl be diopemd and thichened, the depth and thicknes
being sarvied along different portions of the front.

v, Tactien] wire will be erectad,

37, Tupes of rire nhotarcles,

1. Tie varions formes of wire ob.tacle, eed in military operations
are dererihe d belose,

2. Barhed wire obitacles are ot onee the most effective and the most
eapidly snaede,

The construction of wire obetacles is the duty of the troops holding
the pasition to he defended, nnd, i order that this duty may be per-
formed with eficreney  snd despateh, all ranks must be thoroughly
trained in the uo of the materinle which may be available,

The follmwing are the ordinary types of wire obstacle:—

t. Wire entanglement (Freneh),
it. Belte of conecertinas,
ii, Double apron {ence,
iv. Simple fstrand fences for spider wire,

3. Wire entanglement (French) (concertina plain wire) is the most
rapid form of entanglement. It must not be regarded as a permanent
obstacle, but morely one that can be put up rapidly, and is capable o
being <trongthened aftorwards, Tt is a standard to be adopted on emer-
geney, and every man should he trained in its erection. .

The pattern selected consists of two belts of wire entanglement coils
one yard apart in the clear, with o horizontal harbed strand along the
top of each belt; n trip wire windinssed on the front of the enemy belt;
and loose wire thrown in hetween the belts. .

The cssence of a wire entanglement coil is rapidity‘, _and its chief use
is in a situation when rapidity is cssentinl. The addition of loose wire
and a trip wire certainly make the entanglement more efficient, and
can be made as quickly as the coil itself can be erected (Plate 31, Figs.

1, 2).
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4 Concertina wire —\ very rnpn] entanglement consisting of con
ecertinas of barbed wire fived by pickets and with one horizontal wire
slong the top of the pichets 1s shown on Plate 31 [ips 3and 4 Tt has
three rather semons disadsantages 1n that it requires a good deal of
preparation beforchand 15 hable to become tangled in the dark and
entatls [arge earrving parties

At least two rows of concertinas should be erccted fone vard apart
1 the elear) to form an effective entanglement One row 1s not
sufficient

5 Double apron fence consists of three horizontal strands on the
fence, and three, mcluding the tnp wire on each apron

It has the fellowing adyantages —

1 Tflectneness
1 Rapdity and simplicits of erection
ur Small earrving parties
n Little preparation required beforehnnd

Two or three rows of double apron fence Imd out so that the dis-
tance hotween the rows 1s alwavs varvung form a vers efficient ob tncle
and 1s not easily destrosed by shell fire

For verv rapid work over long lengths the bach npron mav he
amtted, the entanglement thus modified 15 sufficient to stop the most
determiped cnems attachs for a trme hut it ae eanly dimaged  The
valge of the entanglement ltes chuefly i the front apron wluch should
never be enutted (Plate 32)

Telts of double apron fences form an excellent frameworh for o
wide ohutacle, concertinas or loose wire ean be thrown in between the
baes for tinchemng purposes (Plate 33)

6 Spider wire.—The spider wire shown consiats of a senes of cattle
fences placed according to Plate 34, so as to diide up the ground nto
compartments  In laving out, eare should te tahen that not more than
twa or throe fonces meet at one pont  The method of construction is
the tame as for the npron fence, omitting the aprons

7 The viahility of wre obstacles from the mr depends upon the |
length of time the wire has been crected heeause, after a short time,y
the difference betwern the surfnce of the ground within the wire
entanglement, which l1as been srotected from trafie and the effects of
the weather will shaw ns R Z]'\rL shadow, and thiy shadow will be
necentuated by the light lines across it wherever there 1sa track through
the wire Tt 14 not the wire entanglement which shows, hut the differ
ence 1n the surface, ¢ g , 1ncrenced Tength of grass, untrotden plonghed
Tand, &¢

& In castern countries, where purage occurs the presence of o wire
rotanglement is frequently betraved by ate mirnge at a height above
the carth's surface

ag Preparations for rapud wirmg

1 The raprdits of the work of mmhing an otstacle depends vere
By on care ful proparstion boforchan ™ The following points are
eentil —

| Tie line of entanglerient must be taped, if this 18 not done the
arts 1v wure to lase dirvetion the natural e ndenes being to
come nearer and noinT 1o pne's onn trench
¢
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ii. Dumps of wiring material should he made in convenient posi-
tions close to the work., This enables long lengths of wire
to be erceted in one night,. and prevents the infliction of
casualtios hy the enemy seeing progressive wiring being done
night after night.

iil. Tapes should be laid from each of these dumps to the flank of
the tasks concerned.

iv. All stores should be prepared for use and ready in man-loads.

2. Wire-cutters.—It is very scldom that there are enough wire-

cutters to give a pair to every man in a wiring party. If stores have

been prepared properly beforehand, there is no necessity for anybody,

except the officers and N. C. Os,, to have them, and the issue of wire-
cutters should be strictly limited.

3. Windlassing sticks.'——Evcry man of the wiring party should carry
8 short 2-foot stake or iron rod (} inch diam.). These are necessary
for:— .
i. Screwing in pickets.
ii. Running out coils of barbed wire.
iti. Windlassing wire,

.

Jumping bars are only necessary when working in bard ground.
They should be bound with whipcord, or a double thickness of canvas, to
prevent noise,

4. Handling of material.—Rapidity in wiring depends very largely
on the ability of the men to handle wire. Men must be trained to use
it with confidence and not to be afraid of it. 1t is like a stinging
nettle; if a man is not frightened of it, and treats it as if it were &
rope, 1t will not hurt him.  The best sappers and men, who have had
long experience in wiring, never use gloves.

The plain wires securing a coil of barbed wire must be cub and a
piece of sandbag or white cloth tied to the running end of the coil in
order that there shall be no difficulty in finding it at night; the pieces
of tin on the wooden drums must be broken off to prevent noise. All
this should be done before material is taken forward for work.

¢ Any temporary lashing that may be required for the transpo_xit or
carrying of materials should be of twine, so that it can be cut easg_y n
the ‘dark. Binding wire must be reserved for permanent las ni)gs.
This is a most important point in the manufacture and use of barbe
wire concertinas,

Wire should always be run off the reel from underneath, to save the
hands of the man holding the coil.

i i d for all
5. Screw pickets,—The following rules should be adopte
work with screw pickets, the standard sizes of which are given on Plate

35!
i i i ick i the point of
. Laying out pickets.—Pickets must be laid so that :
' %’hegscrewpfaces the enemﬁ, and indicates the spob at which
icket is to be screwed in.
e et hat the eyes of all screw

ii. Screwing in pickets,—It is important that ¥ )
" picke%s should face the same way, as 1t 1S then mucﬁ?d eiz;lsusez
to fix the wire in the eyes. Pickets must be screw

lement
that the eyes are parallel to the length of the enta?agc f:s ent

i top eye
and the cut end of the loop forming the .
c‘llil:'ecti:)n from which the men are working, i.e., the head
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of the t1sk It should be carcfulls cxplauned to the men
thut the top eyes of nome nchets are 1n the form of a loop
and thow ot others termmate 1 an upright pomt  In theee
Intter, the cut nd of the loop hins bren straightened out, und

n npl)‘ul\mg the above rule, it must be smagined that it has
been fant down agun
'

6 Fixing wire.—For fixing wire on the screw pichets, the following
rulcs should be adepted (Plate 36) —

1 Men fixing the wire must alaavs work facing the encmy
1 Ware sliould be fixed tao every sccond picket

us To fix wirc 1 the top «ve of a long pichct or the loop of an
anchorige puchet (Fag 1

Pull the standing end twt piss wire over pachet and shp the
wire up into the (3¢ continue the upward movament n a
arde commng down betwecn the bods of the eye and the
point (the wire 15 now through the e3«) Then tahe a turn
with the running (nd round the pichet below the (3¢, work.
mng clochwise

1 To fix wire i the lower ¢3¢ when there 18 already o wire n the
top (v (g by —

() 1§ the e3¢ 15 ou the left of the picket pull the standing end
tant, and foree the wire down 1nto the eye Then take
the bight on the romng cnd  pass at round the picket,
connter clochwise, under the eve and then finmsh off by
tahing a turn with the bight on the running end

(1) IE the «vo 1w on the right of the picket, the wire is shipped
up into the «ve and the bight on the runming end passed
round the pucket above the ave

v+ All horizontal wires of an apron must he fixed to the dingonal
wtvn by windlasaing (Fig )

Mofe —Some pachats my be found mn which the eyes are bent the
reserse may to that shown i Plate 36 an thiy case tho above instrue-
tions must be reverssd

1 these rules arc carnied ont, the wirc will be firmly fixed 1n the cye
and cannot slip up vr down the post, alo, of one biy gs cut, the wire in
the bats o1t Gther sude remaima tant and doey not slip through the eyes
They apply whichever wasy the wirees arc working~—from right to left
or Jeft to right

Thew mcthods of finmg wire are found to be far more satisfactory
and ramd than 1u||lhl\m‘, short lengths of plain wire, The latter
ructhod s slow, and the plan wire afmost invanably runs short, or 13
forguttan or lost at might

PTlate 33 shows the method of Iixm wird 1o wooden posts

7 Holdlasts —Screw anchorage rlcknlu must be screwed in the
dircetion of the stay wire or they will be drawn o the direction of the
strain In sound Curth * Hair pins® or wirc entanglement em} staples
can be uwd an hew

39, Dalls for v akeng ware obsfacles

1 Dnlis.—Many dnlls hare been evolved by which long lengtha of
f‘”l wire entanglemint can be erected rapadly by well trained 1quads
n jractice, su b squads are seldom avmlable

c2
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Any drill which is to be of value must be so designed that:—

1. It is easily carried out by partially trained or untrained men
in the dark or under fire,

ii. Casualties can be replaced as they occur, without disorganiz
ation of work or duties.
_The drill must, thercfore, be as simple as possible, the ideal solution
being ‘“ one man one job.”

It may bhe found sometimes that this is not possible, owing to the
necessity for keeping the party small enough to be supplied by a
platoon under normal front-line conditions.

The following additional points have been considered in working
out the drill given below:—

i. Men should work in pairs or groups of three.
ii. No onle group should ever cross another in the course of its
work. :
iti. All groups should work in the same direction, from one flank
of the task towards the other flank,

iv. Groups should work at intervals so that the men" are not
bunched.

v. The pattern of the entanglement and wmethod of erecting should
be such that no group has to step over the wire previously
crected by another group.

9. Drill for double Apron Fence,

(9 horizontal wires).

Party: 1 N.C.0. and 10 men (no more are likely to be available
from a platoon holding a defended post).

Fall in and number: 1 to 10.

Stores for 50 yards double apron fence.

20 long screw pickets . . . . . . §
40 short screw pickets . . . . . .. . g
7 coils of barbed wire (approximately 130 yards each) . T

Man loads . . . . . . . . E

First Dury (Stores).

‘ 5 7 . . All numbers carry out all stores
1,2,3,4,5,67%89,10 and dump at the end of task

(two journeys).

Secoxp Dury (PICKETS). .
ioket Nos. . 1, 2. screw in long pickets three
1,23, 4,5, long picket Nos “paces apart (7 ft. 6 in.) along the

tape. 3, 4 and 5 lay out pickets
inpposition and then help 1 and
2 to screw them in.
7 icket Nos 7.8 in short pickets opposite
6. 7. 8; 9, 10, short picket Nos. - G.ttl{e Crei‘r‘l-tlervnls };)etween long
pickets, and 6 ft. from the fence
on each side. 8, 9 and 10 lay out
pickets in position and then help
6 and 7 to screw them in.
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Tiirn Dvry (Wire)

1, 2,3, 4,5 6, horizontal wire 1and 2 3and 4 6 and 6 run out
Nos and secure three horizontal fenee
wires  then three  horizonmtal
front apron wires, then three

horizontal back npron wires

7 o8 9 10 . T and 8 9 and 10 run out and
g sceure the front divponal wire
and rear diagenal ware, respee-
tinedy commencing at the top of
the firit pichet and fimshing at
the top of the last pichet

" Note 1 —9 and 10 must gne the horizontal fence wire numbers a
start

Note 2 —=When each prur has teached the end of the line and secured
the wire to the Inst picket, the N C O will cut the wires with his wire-
cutter, The par will then return with the remumng wire on the reel
to the near end and either carrvy on with their next tack or deposit the
co1l in the dump for other numbery to use

Note 3 ~Time will be saved in the actual construction of the en
tanglement if the wire can be speeinlty coiled beforehnnd into tno coils
130 vards long and 9 half-coils ench 65 yards long

3 Whero circumstances mahe st adsivthle far the tmen ta work anly
on the mide of the wire anay from the enems, the following should be
substituted for the * Third Duty " —

1, 2,34 ., 1, 2, 3 and 4, Tun out and secure
front diagonal wire
&6 1,889,100 . Sand 6, T and B, 0 and 10, run out

and secure three horizontal wires
on front ajron

1,234,850 . . 1and 2,3and 4, 5 and §, run ont
and «cure three horizonts! wires
- on fence
L8 0,10 . P . 7,8 9,10 run out and secure rear
diagonal wire
L2,3,4,586 . + 1and 2 3and 4, % and 6, run out

and secure three horizontal wires
on rear apron

40 Vethadr of thickening a framewcor] of apron fence ohstacles

1 Varnus means of thichenming 4 frameworh of npron fences are
aorn on PMate 33, The method of priyanng the matersal 3¢ given
belan

2 Barbed wire concertinas ~Dran a arcle {4 feet in diameter
Plase nine posts cqualhy spacal voand this arde and drive tiem am,
foavit 2 & hoght of 5 feet above proun! angle steed puckets are better
than womlcn onee  Male a irimenark to 1¢ over the top of pickets to
Frovent them from leing foresd amaarle (Plite 3L Ore end e
requute b for euch conecrtinn wath short bongths of glain wire for bind
mg  Thre men make the coneertinn No 1 worka arstde the frames
vork, Nen 2 atd 3run out the el
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Construction ; —

i. Take two complete turns round the nine posts with No, 12
plain wire or four turns with No. 14 wire, and bind these
turns together at each interval between the posts so as to
form a secure end for pulling the concertina out. '

ii. Fasten the end of the barbed wire to the plain wire and take
24 turns round the posts in a spiral form, binding two conse-
cutive turns together at evgry other interval.

iii. Make two turns with plain wire and make fast as in i. above.
The time required to make one concertina is 20 minutes.

The best method of preparing a concertina for carrying is shown on
Plate 38. The 5-foot laths must be lashed together tightly with twine.
A man must use both hands to pull the concertina out, holding the
plain wire turns at the end of the spiral.

A harbed wire concertina ean_be extended to a length of 18 :te 20
feet, and requires to be pegged down with staples or hair-pins in the
same way as wire entanglement coils. To stiffen it, screw pickets ean
be used (as for wire entanglement coils); the pickets are screwed in
first of all, at 3 yards interval; the concertina is then extended, dropp-
ed over the pickets and pegged down.

3. Method of preparing loose wire.—The task of throwing loose wire
into an entanglement from a coil is a long and tedious one. It is made
very much easier and quicker if the wire is coiled in a spiral form
beforehand,

To do this, drive in two 3-foot stakes, 3 feet upart,”and two more
at right angles to them 1 foot 6 inches apart. Then wind 100 yards of
barbed wire round this diamond shaped framework, gradually working
it up the stakes in a spiral. Finally tie the spiral together in four
places with twine and take it off the stakes.

A spiral thus made can easily be carried by a man on his shoulder in
a trench. \

To use it as loose wire, cut the bindings, carry the spiral on the left
arm and walk along, throwing two or three coils at a time into the
cntanglement. )

One spiral supplies enough loose wire for a bay 2 yards wide and 25
yards long. It takes two men 5 minutes to make one of these spirals,
and a man can throw it in as loose wire almost as fast as he can walk.
If spirals are needed in large quantities, a winch is useful and saves
time and labour. ' ‘

Tf time and opportunity to make spirals are lacking, loose wire can
be placed as fol]cg)\gs:—«Uncoil a 50-yard lgngtl} on the ground, cut it,
pick it up with a long forked stick, twisting it to and fro, and throw
it on the entanglement. Press it well down and secure it to the wires
already in position by windlassing. .

. Knife rests.—Forms of knife rests are shown in Plate 39, They.
can4 be readily improvised. Sufficient lengths of the distance piece
must be left at each end for carrying,.

\

-

a1, Man loads. * -

i i { i ate-

. are found to be convenient ran loads of various ma
'aghﬁsggnfg‘ 1wni%'e entanglements. The numbers have been w ml;edt}(;ut
Ir;lot only as fair loads for the average infantryman, but also that they
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.

mav be in the proportions required for wiring  and therefore do no
fecessandy ageec with Appendic VI

A mule il earry about 4 man loads

Starertal o e

wetzhy
Ibe
Tickets perew, Inng §dcet 7 Inebey long with d eyes 4 1"
. ehort (¥ beet 2} Inches Jong with 2 ezes for aneborsges | ]
Plekets angle, Jong © toet long) [ E
- o+ medlam (3 feet g Inches Jong) + »
w w short 2feetlonn) i >
PiXets, brashwood, Jong (5 tees long, 3 Inched 1o & Inches dametar o 3

" w o Phort(S feet 8 Incten lovg, 3} Inches to ¥ buehes

diameter,” b s 2
Wire Yarbal, %o 191 § Wi (330-yand eofls) 13 32
»” » NO MB WG (170-7and coila} 1 2
Wire entang! ment (Freneh , colls . } b4 »
Coneertingn, o . . P B

82 Uiscellancons obslacles

1 A tree entangtement may be fr  **° L
the strongest tunber g overgrown he
feet ahove the pround brnmng the
and mnterlacing and secuting them b
o form obstncles specially useful for .
branches shonld he pomted, and .
ordinary nhatis

Thie 1v the best method of entanghing the edge of v wood to prevent
the enemy troops from rushing tronches belund st Vines or hops

woren tegether with thetr tops gicheted ta the greund form good
entanglements

The tonly and tame required for this el of obstacle vary according
ta the matersal of which it 1¢ forred  Axes, saws, Willhooks, mallets
20d ropes 8T generallv Hocesary

In scrub or pooded countriey an abatix of thorn bushes 1 a most
effective obstacle agaimst o anvage enemv, prersdly round a perimeter
camp A disadrantage of abates we that 1t ditheult to see (hrou%h
and this may gnack the difinder s fire, but thi con be got over by
plactiz the nbatis xa as ta enable enfilade fire to b bronght to biar
atong e ontude faces

2 Barricades nro used to ol streots, roads a.d Endzes azanst o
rush of enemy troope, armoured cars, &

A« o rule, thes should not clowe the zord comph telv  but should bo

o g
made 1 two overlayy tuk portions ar placed where o houw 3
tack from the general tine allons a passige ro Tem (Mla
1
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Construction : — . :

i, Take two complete turns round the nine posts with No. 12
plain wire or four turns with No. 14 wire, and bind these
turns together at each interval between the posts so as to
form a secure end for pulling the concertina out. :

ii. Fasten the end of the barbed wire to the plain wire and take
24 turns round the posts in a spiral form, binding two conse-
cutive turns together at evgry other interval.

iil, Make two turns with plain wire and make fast as in i. above,
The time required to malke one concertina is 20 minutes.

The best method of preparing a concertina for carrying is shown on
Plate 38. The 5-foot laths must be lashed together tightly with twine.

A man must use both hands to pull the concertina out, holding the
plain wire turns at the end of the spiral.

A barbed wire concertina can be extended to a length of 18:to 20
feet, and requires to be pegged down with staples or hair-pins in the
'same way as wire entanglement coils. To stiffen it, screw pickets_can
be used (as for wire entanglement coils); the pickets are screwed in

first of all, at 3 yards interval; the concertina is then extended, dropp-
ed over the pickets and pegged down,

3. Method of preparing loose wire.—The task of throwing loose wire
into an entanglement from a coil is a long and tedious one. It is made

very much easier and quicker if the wire is coiled in a spiral form
beforehand.

To do this, drive in two 3-foot stakes, 3 feet npariz.,/‘and two more
at right angles to them 1 foot 6 inches apart. Then wind 100 yards, of
barbed wire round this diamond shaped framework, gradually working

it up the stakes in a spiral. Finally tie the spiral together in four
places with twine and take it off the stakes.

A spiral thus made can easily be carried by a man on his shoulder in
a trench.

To use it as loose wire, cut the bindings, carry the spiral on the left

arm and walk along, throwing two or three coils at a time into the
cntanglement.

. 1
One spiral supplies enough loose wire for a bay 2 yards 1“"1de -
yards long. It takes two men 5 minutes to make one of 1'ilese 1
and a man can throw it in as loose wire almost as fast as he can

s : N
Tf spirals are needed in large quantities, a winch 1s useful an
time and labour.

If time and opportunity to make spirals are lacking, loosedn
be placed as follows:—Uncoil a 50-yard length on the ground,
pick it up with a long forked stick, twisting it to and fro, a}cl‘
it on the entanglement. Press it well down and secure it to t
already in position by windlassing.

4. Knife rests.—Forms of knife rests are shown in P(]]‘!ts
can be readily improvised. Sufficient lengths of the distand
must be left at each end for carrying.

\

a41. Man loads.

. . . i

The following are found to be convenient man ]1105125 I?efe;a:n
rials used to wire entanglements. The numbef's av ® e so
not only as fair loads for the average infantryman,
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CHAPTER V1II
THE SITING O TRENCHEFS

43, Reconnatssance

1 The siting of trenches ts an operation which ean b earre | ont
satisfactorils when eonditiors wllow of taclitis for reconnaisancy
tefore wark 18 commenced

2 When defensive action in niobile w vrfarc (rvst lizes sto position
warfare, the front svstem of tranches of Gther side regaster the mean
igh water mark of the attach, and are actuathy the places st which the
foremost fighters have dug them dies 1 The conditions allow of
Itle Intitude for mting of these trenches  The mndasrdunl Em con
venient shell holes, remuns of hedges debrss of walls and bmldings,
are gradually merged tnto a svstem, until at Nt there s 4 cemblance
of 1 continuous hine

4 Belund this 1f the arenmstanecs pernut and demand 1t other
hines or systoms will be developed, where prelimimars reconnmissance
e be made  Thetr reconnussance will be carried out according to
the prinaiples gverr in I SR, Vol 11, and il determne the general

stting of the whele defcnsine svstem, which 1s deseribed 1m detail 1n
Chapter

43, The detarled uting o} wnjaniry trenches

1 The detaled «iting of infantry trenches requires a close study of
the ground an prder to mahe the best uco of s posmatilities 1t 19
rardy fewnible to grasp the whole of the pocabiities of the features of
the tround at the first attempt at sting tho trenches, and the junc.
tions of the ()fferent sectars of the defensne system will demand
adjusticnts of the wting as fiest determuned . Unle s these adjuste
mants are made bofore the trenches are traced (Sec 13)  time and
Dibane will be wisted, the bbour will become disheartened and the
completion of the trenches will be ddaved

Whan tly conditrons adong, the siting should be marked out wyth
small flags w0 ny $o pllow of alteration without waste of tune Snd
Isbaur, and the postian of the flags should be determined finalhy Lefore
the traung parties are st to work

2 The wfantrs tronches must b atid w0 as to secure the ¢bona.
el foasts af the poution from (apture s the enemy it a manor (or
ntion (Pl 21 i'u:\ 1 and B, and mant emar poation from which
the nrallory and miehine gons can braih up an enemy attch ar 1 can
aford adequate xupport to the miantry manming the tronches

$oAtilhry and machine gouns form the frar onork of anv defirane
Mo bnfantey trenches aust, thesvfore, W wted 10 clow o
cperation wath b onrgliory ard mnachine gun defenre and an v WY
B annr an not to anterfore with thar fatof fre  Ang gank
must Al be fulh tonadered  Sustally placed obstartes 1€
il fored the attacher to adopt lires ¢f ajproarh which
by artillory and ma hine Ruu fre
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_They will rarely be prepared as defensive parapets, their defence
being effected by machine guns and rifle fire from hidden position in
. front and in rear of the barricade (Plate 40, Fig. 9).

They can be made of nearly any material, but have the disadvant
age of being opagque and thus giving the enemy cover from view.
A useful form of moveable barricade against rushes b
) I i ) s by armoured
cars is shown on Plate 40, Fig. 8. Carts filled with stones, &c., have

been used for the same purpose. They are kept in a side road. until
required, when they are run into place. ’

3. A method of converting the railing on an esplanade wall into an
obstacle against an attempted landing (Sec. 29) is shown on Plate 41.

. 4. Inundations can be made in the broad flat valleys of slow rum
ning rivers or streams by damming the stream. It is important to do
this at points where the greatest effect can be produced with the least
labour, e.g., bridges. s :

Jf the valley is a shelled area it is rapidly made an impassable
obstacle, for even if the water is only 6 inches above ground level it
prevents the troops from avoiding the shell-holes. Loose barbed wire
adds to their difficulties. 4

5. Mines.—Surface mines are used to inflict casualties on the enemy
and lower his morale, and are usually some form of trap set off-by
g{l{lflﬁlg a string or cutting a wire. They are dealt with in Chapter

6. Tank obstacles.—Tank mines are the best obstacle against tanks.
These would be provided and laid by the engineers of the formation
responsible, and are dealt with in Military Engineering, Vol. IV.

A tank cannot surmount an obstacle with a mearly vertical face of
6 feet height; a ditch 10 feet wide and 6 feet deep is an effective
obstacle, but the labour of making this is generally prohibitive.

It may happen that it is possible to scrap a road bank on a hill side
in such a way as to form an obstacle which may hold up a tank attack
under fire.

If time permits and labour is available, concrete blocks about 2 feet
cube placed at 5 feet intervals, and tank traps (i.e., pits 10 feet wide
and 6 feet deep, covered over with light material) are effective obstacles.

7. The illumination of obstacles may be effected by the use of Véry
lights and parachute rockets. .

8. Passage of obstacles.—The destruction of obstacles such as abatis,
wire entanglements, and barricades, prior to an assault by the infap-
try, is usually undertaken by the artillery with fire from guns, howit-
zers, and mortars with instantaneous fuze. i

For raids the Bangalore torpedo has been found effective. '_I‘he
Bangalore torpedo is an explosive charge contained in a Cyhnd”cﬁ‘
case—the effect of the charge is to make a gap in the obstacle the

length of the torpedo. Details of this torpedo are given in Sec. 120, 3.

The passage of other obstacles, such as inundation% streams, ditches
and ravines, is dealt with in Chapter XII under Bridging, and in
Military Engineering, Vol. I1I.
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CHAPTER VIIT
THLE SITING OF TRENCHES

43, Reconnarssance

1_The siting of trenchey 15 an operation whiel can be carricd out
satisfactortls when conditions allow ot fachtis for rcconnaissance
before work 18 commenced,

2 When defensive nction i mobile w arfire crystillizes anto posttion
warfare, the front system of trenches of erther wide repister the mean
high water mark of the attack, and arc astually the places at which the
foremast fighters have dug them~clies tn The onditions allow of
Ittle Ititude for siting of these trenches  The andinrdual pits cone
vement shell holes remuns of hedges debris of walls and buildings,
ore gradunlly merged inte a svstem, until at last there 15 2 semblance
of a continuous hine

3 Belund this of the errenmstances persut and demawd it other
fines or systems will be developed, where prehminary reconnnissance
e be made  Their reconnmissinee will be carried out according to
the principles gven in TSR, Vol 11, and will determe the general

siting of the whole deteustic svstem, which 1s deseribed i detald 1m
Chapter V

&4, Tle detmrled siting of winfantry trenches

1 The detuled sting of mfantry trenches requires a close study of
the ground n order to make the best uso of ifs possitaligres 1t 1s
rardy fersible to grisp the whole of the pocabilities of the features of
the gronnd at th firse attempt at sittng the trenches and the junc-
tions of the difficrent sectors of the defensie gystem will demand
adpustinients of tho siting as first deternined  Unle < these adjust-
m nts are made before the trenches are traced (Rec 13)  time and
Dibour will b wasted  the labour will become disheartened and the
complctian of the treuches will be delaved

When the conditions adunt  the st <hould he marked ant gyth
sl flags, so ns to allon of alteration without waste of time Wud
tabour, and the posttion of the lage should be detcrmned finally before
the tracing parties are et to work

2 The wnfantrs trenchos must e sited 0 83 to secure the observa-
Ben vt of the poasition from capture by the encmy 1 oa minor (per
ateaa (Plate 42 s Doand O and most covir posttions frem winelr
th arullcey and waclun § uns ean treah up an onemy attick ard ean
allord adeqrato sug port ta the wfantry manning the trenches

Al oy and maclane 4 ins forn the framenork of ans defensve
M Jafantry troyches must, therefore, be sited an close coe
“prition with the artidlery and machinegun defence and in such a
4 BN A ot ta anterfore wath thar ol lof fire Anti tank defences
st ol b fally conadired  Stitabl {iaeed ohstacles (Chapter V1)
will fore the attacher to adopt Lines of approach which ean be swept
by wrtedle ry ard tmaclune gun Lee
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“Concealment pf trenches.—The nuprovement in fire-nrmne has neves
~tated moere atvontion benp paid te conceslment of  trenches, ond
althouch o teme o trepehiee cannst now be hidden from air ploto-
praphv, day can beosoncaaled, o a great esteat, from direet ohearva-
tion by corp et deagn and esreful siting, <o that an enemy ean be kept
in danbt . to the partinns of the position which are oecupicd, and

the streneth in v hich they are held,

In design, the first step townrds thiv was the abolition of the high
cammand parapet, and the introduction of the deep fire trench with
low commpnd, ~ Later experience hay confirmed this change of design,
eren theugh the fiedd of fire is more readily affecied by minor undul-
ations, heeanse the rifie or machine gun is brought nearer the ground.

fn siting, trenches are concealed by using folds in the ground and
natural cover, such ns hedzes, banks, erops, &c, Fven when the genes
ral line to be held is on a forward slope, much mny be done to hide
individual Tengths of trench by «iting them on the reverse slopes of
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undulitions of ground, whilc stil retnining the requisite field of fire
and observation of the enemy

Eront the point of view of concealment the worst position for earth
works 15 on the 51 v line, or with a distint background when seen from
the attncher 8 ohservation posts  Trenches shen pliced even well donn
the slope of a hill will sometunes be found to be on the shy hnc when
viewud from the enemy s position (Plate 42, Fiz 2}  Whenever pos-

sible, therefore, siting’ must be examined from the ememy s goint of
view

Whart it 15 not possble to copeceal earthworhs they may be sited so
that ot 1y dificult Jor the enemy to ob crie the burst of huv shdls as,
for imstanee, on n Jown ridze nn{: depresstons to front and rear These
deg ressions will render 1t dibicult for the enemy » ground ol criers to
see wherd his shells fall

7 Mutual support —Iire trenthes must be sited so that thev give
mytual suptort By this nreans dead ground in front ot ont trench
mav to covercd by one te o flanh, enfilade fire can Ik obtained and,
should amy portion of the position bhe penctrated the <nemy may

be
grevented from runforang or cxploiting the pcnetrition

£ Drainage —Unless tactical conditions make 1t unpxrative,
trenches should never he sited on ground likely to be floxicd or 1n
wlieh the water level 15 Irablc to rise and render the trenchis sater
Iozzed  Breastworhs have to be constructed in stich plices but thev
po e s mam disadvantages (see Sec 61)

H a3 Forward and recerse slope rontions

1 A fornard slope positien 33 ond m whih the trenches aro on the
sloje of 2 hill nearest to the enemy so «tted ns to qve the definder
from his trenches, n (lear umnterrupted view of the encmy s trenches
and the ground oser which he must adiance to the attack

\ reverse slojo posttion 13 on the side of a lill farthest from the
cpemy and the defender's trenches are Indden by the contour of the
gronnd from direct ground ehsenatton by the enemy (Plate 22

ig 1) Before a reverse slope position can safuly be taken ur,
positions i roar or on the flanks must be found, from which the
esiemy ndvance ean be observed

Tt 14 imposatble to find a positron of any extent in which the «lopes
are «ven and uniform Al irregulanities of ground prescnt either n
tomex ar a concase surface  These irregulanties offer 1oy tations
eitter af going taa far fornard on n consex slope for a good view, or
of draning 1ach too much on a concne slopd 1o eveape enems obserya.
tion with the result that pronounced and thereforc snconvement
silients are formed i the general lines of o osttion

In onler to asmid these sahienta and to make e of thoe faatures
of the grosnd nhich offer the best facshties for defence 1t man v neces
2% 1 e trendbes an one place on n fornard slope and 1 sanother
ona revre slope

Ttemtore fowibilities of toth forward and reverse slyes e t be
ot ped

L Forward stope positrons —W hen trircles ean Ls placed sor-e way
dawn 11 formard shpd, et 1s generall e to site e 152 75 o
LoV inatom ot grong a good vew ot the tre
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!

the ground over which he must advance to the attack, but such trenches
must not be sited so far down the slope that they cannot be supported
by artillery within effective range (Plate 42, Fig. 3). Also, when sit-
ing the front line, the position of support and reserve trenches must
be considered. These trenches may be concealed from ground observa-
tion by the enemy by skilful use of minor undulations. When these’
conditions can be fulfilled and adequate communication between the
trenches isl provided, a position well down a forward slope is generally
difficult to attack successfully.

There is a natural tendency to place trenches on high ground: such
ground is not always the best. The advantages of high ground are,
that the defender instinctively feels greater confidence, that communi-
cations are more easily concealed, that a better view of the enemy is
obtained and that trenches, generally, are more easily drained. The
disadvantages are that the defender’s fire is more plunging than graz-
ing, that the position of the trenches can be located more easily by the
enemy when at a distance, that the assaulting infantry can be sup-
ported by the attacker’s guns until a later moment, and that the enemy
may work round the position and take it in flank and reverse.

3. Reverse slope positions,—When the slopes of the gummit of a hill
are gradual on the defender’s side and the crest is broad, it may be
necessary to place the trenches of the main zone some distance on that
side of the crest. Under these conditions the crest of the hill will
screen the trenches from ground observation by the enemy’s artillery
observers, but it is often difficult to provide the necessary field of fire
and observation, and, should the enemy succeed in establishing him-
self between the crest of the hill and the defender’s trenches, the ad-
vantage will lie, generally, with the enemy. The defender must have
observation over the front slopes either from some position in rear, or
from the flanks, and he must be able to bring effective fire on them.

46. Communications and drainage.

1. Gommunication trenches require as careful siting as fire trenches;
they must not be laid out in stereotyped zig-zags and waves. They
should be sited with the main object of affording concealed approaches
and whenever possible, provided concealment is not sacrificed, they
should give a reasonable field of fire to both sides. In any case, select-
ed portions should be sited as fire trenches for flank defence. In this
way pockets are formed in which an enemy attack penetrating the
front line can be held up-under fire until he can be annihilated by artil-
lery fire or be dealt with by counter-attack. A complicated system of
communication trenches should be avoided. They should provide one
“up’”’ and one ‘‘down’’ route for each company frozl‘t b?,f;\\'een the
front line and company reserve trenches, and one " up and one
¢ down’’ route for each battalion front between the company reserve
trenches of the forward companies and battalion reserve trenchfas.
One communication trench for each battalion up to the battalion reserve
trenches will usually suffice.

2. Drainage.—Drains must be dug at the same time as trenches
which they are to serve, so that it is necessary to consider the drauéa%e
plan when the trenches are sited. The slopes of the ground méls (;
used to carry off the water to the natural drainage channels. & élmpd
should be necessary only in very flat country, and should be consl tel;'i
a last resort, when no modification of the siting will induce a natu

flow.
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41, Consulerations summartved
To sum up — !

1 Infantry trenches must be sited so as to coser artillery obser
vation posts and battery posmittons, and so as not to intetfere
with the siting of machine ﬁlnl positions  They should, when
cver possible, be protected by natural tank obstacles or in
portions maccessible to tank attack

1 A field of fire of 100 yards in front of each fire trench 1s
neeessary  When decpling this, the eye should be at tho
Jevel of the top of the parapet

1 Fnhlade firo 15 the most effective form of fire  Provide for 1t,
remembering that & man armed with a rille always fires at
right augles to lus parapet

»n Trenches on a forward slope must be so sited as to admit of
ground 1 front of them being coverd by the fire of the
artillery.

v The artillers must be able to get good obeervation and field of

fire ~  trenches
Wh n rear or

. fror go shoutd
be . while the
ene s+ are con.
cealed from view

st Communication trenches should be sited so ay to form adoe.
quate hut sumple means of communication between the dif.
ferent fire positions and also te provide fof flank defence

w1t The offect of gas on fire and communithren $tarches must be

closely constdered
vt Drownage must be considered when siting trenches

&8 Improving and clearing the field of fire

1 Preparation of the foreground.—In order to comply with the
conditjon that n field of fire of at least 100 yards 19 required, it will
often bo found (ven 1 the most open countries, that o certain amount
of elearingz will have to be dom

This must be performed 1n such o wav as t6 mre no Assistance to
the attackers 1n their advance or in the use of their weapons At the
same trne the posubility of adapting and mmprovipg any (xasting cover
for the use of defenders should be borne n ymnd © Natural obstacles,
which mav be left, should be such as w3l not interfure with counter
attack troops or sereen the enemy from fire It should be remembered
that concalment of the works af the difence 18 n 11tal factor 1n hold
ing them agunst an enems equipped with powerful artitlery.

1t will be advinable first to amprove the fld of fire nuar the position
and wark forward as tume permitt, but 1n ciw of a dilaving sctien
whire fre effect at long ranpes 14 required carly, 1t s bettor to prepare
for bringing trd 1o bear ujon pointy at ron1e distane from they  *

Before coruninangy amy work  n Yough otimate of the time, '
and tools required should Lo 11ade so that the result nir od 6t
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be too ambitious, A field of fire only partially cleared mav provide
more cffective cover than in its original <tate, )

When clearing the foreground, it i frequently of advantage te
leave o uatural sereen, concealing some portion of the position from
the enemy’s view,  For instance, a line of trees may be loft standing
when clearing o wood; these will obstruet the enemt's view, whilst
offlering very little hindrance to the fire of the defeuders. ) )

Hederes impede the attack and can be converted into very effective
obstacles, They should seldom  be entirels  eleared. Thick hedees
should be thinned and entangled with,barbed wire. gaps being cut at
intervals to mive a clear view, ) h =

2. Trees.—Large seattered trees oive less cover when standine than
when eut down, and may ~ometimes be useful a< ranee morks. It
should not he forgotten, however, that they may act alo as range
marks to the enemy.  Unless they can be removed, onle their lower
branches <hould be trimmed off, i

3. Brushwood.—Thick bruchwood, especially in the case of some
tropical growths, forms a very effective obstaele,  In place of clearing
it altozether, portions may be left to deny special points to an cnemy,
to break up his attack, amd to compel him to adopt particular lines of
advanee, )

Thin brushwood, however, unless eut and entangled. can generally
be traversed easily by infantry without grean loss of order. and if left
standing may serve to sereen an advance.

4. Walls.—Walls must be dealt with on the same principles as
hedmes.  When it i~ required to demolish them. they ecan frequently
be knocked down by o party of a dozen or more men. using a trunk of
a tree, or a rail, a~ a battering ram.

Low buildings may be treated ~imilarly. Houses and buildings
should be burnt and left standing—so that there may he no access to
the upper floor<, which might be useful as observation posts; the
entrance to the cellars must be blocked. The debris of a house or wall
forms very good cover for a machine-gun emplacement.

If it is decided to blow them down, it must be remembered that the
amount of exploaive carried in the field is limited. and that the debris
of the buildings will be more valuable as concealment and protection
for the cellars against artillery fire than the buildings themselves.

5. Woods and orchards.—lIt is rarely possible to undertake the
wholesale clearing of a wood—the work is usually resiricted to the thin-
ning of the undergrowth and removal of lower branches—arrangements
being made to deal with the enemy just after he has emerged from the
wood by holding him under fire with suitable obstacles.

Wide rides mayx be cut if time permits. These rides are like peep-
holes cut through the wall of a house into the rooms beyond. The rides
combined with a wire obstacle run obliquelx through the wood may
often assist in recording and checking the progress of the enemy (Plate
43, Fig. 1. i

If the wood is heavily indented on the side of the defence, the inden-
tation may be exaggerated: by this means the enemy advancing throug
the wood may be induced to “bunch =~ at the salients ‘“ A7 before
emercine. aud losses can be infiicted if the defenders are alert (Plate

a3, Fig. .
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CHAPTER IX

DETAILS OF TRENCHES, FIRE POSITIONS, AND TRENCH
ACCESSORLIES

40, Genaral remarka,

1. AU fire positions, trenches and worke intended for occupation by
troaps mud be desigued to pive the moest efficient protection possible
apniwg the effect of the eneiny’s projectiles from all directions. This
protection is afforded by 1 e
A bulleteproof parapet against frontal and oblique fire.

o Traverses, amainst enfilade fire, and to limit the effects of shells

which burad direstly in the trenech,

i, Paradas, or parapet~ on the vear side of the work. against
reverse fire aod the back blast from high explosive shells and
botwbs fitted with instantaneous fuze,

iv. Trenches not less than 6 feet @ inches wide to minimize the risk
of men hedng buried by collapse of sides under bombardment
shd not bies than 6 fect deep to sllow men to move about and
stand up withont risk of bheing hit by hallets.  The standard
trench as only 6 feet 2 inches deep (Plate 48, Fig. 3).

v. Shelters and dug.outs, which are deseribed in Chapter X1V,

2, The effiriruey of any desipn depends upon {he combination of
frace anid }»rnﬁ!{‘ in meet the tactieal and physical conditions of ihe
ground and the probable unture of the encmr's attack.

. The traece of a work is the goneral plan on the ground, the profile is
tts cra.s soction,

§0. Fire trenches,

[, Tho trace must not contain long straight lengths of open trench,
which will be exposed 10 -*3:!11:1(10 fire, except where protection against
bowhing 1s necessury {ser See, 51). The length of any one bay should,
thorefore, not exceed 30 feet.  In speeial circumstances where a trench
svxiem has to be completed quickly the lepgth may be incrensed to 50
feet.

Traverses must not be less than 15 feet thick, and they must over-
Inp the rear edpe of the fire bay by not less than & feet at ground level,
so that in trenches of the trace shown on Plate 48, Fig. 1, the fire bay
must be st least 27 {eet long, viz:—15 feet (width of rear traverse)
plus 12 feer (width of 1wo communieation trenches),

Besides being irregular in itself, the general line of the trace must
be Jaid out in bold curves, so as to increase the enemy's difficulty in
organising bombardments and barrage fire,

A:berm 18 inches wide should be left clear from the top edge of the
trench to the toe of the parapet or parados, to prevent the collapse of
the sides of the trench from the weight of the carth. In the case of
communication trenches, a berm of at least 2 feet 6 inches width should
be left, in the first place.

2. Ta trace and dig a trench quickly:—

i. Site fire bays 10 vards long and about 10 yards apart.
ii, Connect up ends of fire bays behind a traverse 4 yards deep.

iii, Tn throwing up carth, leave a berm of one yard on either side.
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3 The forms of ¥race in general use are ~—

3 fhe ““square ' drace which conmsts of a serses of fire bays
sepnrated by traverses at right angles to the fire bays (Plate
44, Fig. 1)

‘Thas type gives the best protcetson for 1l the angles are
Iwo]rjll closed 1, but 1t s shightly estravagant i time and
abour

1 The “bastion ' trace (Plate 44 Fig ) 1s sumiar to the square
trace, but the sides of traverso are set 2t about 135 degrees
with the fire bays Thie iype gives good protection but s
more open at the angles 1t doe< not wvalve quite so much
work over a mven length of ine and 1s essier for iraffic and
fire contro} Ths trace can advantageously be used for com
h lly where these are required ta

be prepared for uze as fire trenches

m The “z1g zag ' trace (Piate 35, Frg 1) is 2 number of fire basy
lard out 1 a series of mg zag, of which no angle should be
greater than 183 degrees

Tins trace 18 sumple to lay out quickly constructed, but
depends for protection on its urregularity of hne—for there
are no traverses

Some alternative traces based on combinations of the above
are shown m Yiate 45, Tig 2 and Plate 48, Yags 1, 2 and
3 'The dog leg trace (Plate 47, Figs 1 and 2) 1s very useful
for a contiaugus line ncross & Vallei with steep stdes ~ A nov-
mal type of fre irench would be » combination of the
*square ” trace and the *‘bastion® trace

4 The profile or sectron of a trench mu«t be designed so that the
trench provides -~

1 A posttion from which men firtag can use thew nfles effectively

W 3 passage or communienaion brench, which should be dee,
enough and wide enough to allow of the safe passage of
stretcher bearers, etc

5 A typieal sectian with the names of the parts of a trench 15 gicen
on Plate 48, Fyg 1 The height from the fire step to the top of the para-
get for fire standing 15 shown 1 4 feet &anches  Tias, honever, must

e modified zecording to crcumstances —

t The beight of the men tanies wnd a first conditron must be that
every man must have a paraper as high as he can fire over
wonventently but no lngher  “eu must be tramed to test
the height of t!e parapet wnmediately they ucchy o trench,
and to add to or reduce the height to st themselves

1 The slope of the ground on which the trench 1 sited will vary
It tbi trench %s sited to fire up Indl, the parapet may Do
shghtly hagher than that of a trenck on level ground, while if
stted to fire down hill, the parapet must be lower, 1§ the men
are to cover the ground in tront with effective fire

€ When consohidating 1 captured position, or when
for troops 10 a defended position in the first
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will generally he necessary to entrench small units such as sections or
platoons in detached positions. In this ease, concealment of the defences
from direct observation is all-important and the section of trench to be
adopted will have to be of a section such as that shown in Task I, Plate
48, Fig. 2, with the parapet carvefully disguised to appear like the
neighbouring ground. It will probably be impossible to provide any
more elaborate cover without giving up concealment, and it therefore
follows that the larger sections of trench will not be suitable until the
defences are more or less continuous. This section gives a trench, the
bottom of which is the length of a pick helve below the original surface
of the ground. The trench must not be deepened further until it has
‘been widened, as shown in Task Il, Plate 48, Fig. 2. If an attempt is
made to deepen the trench before it has been widened, the fire step dis-
appears, so that it is impossible to fire out of the trench, and the trench

becomes impassable and collapses under shell fire,

7. Trenches behind the front line, which are generally dug by work-
ing, (Yarties, should be dug to the full width from the beginning, pro-
vided that the tasks can be so arranged (Chapter III) that a depth of
3 feet can be dug in the first relief. No working party should be
allowed to leave a trench which may have to be used as a fire trench,
until that trench has been dug throughout to such a depth that it gives
«ood cover to men firing standing in it. The advantages of digging a

grench to the full width from the start are:—
i, That a proper fire step is assured.

ii, The labour of digging is lessened, because the bulk of the ex-
cavation is finished before water can collect in the trench and
malke the digging difficult.

iii. Trenches dug in this way to the proper slopes:last much longer
than narrow trenches, which rapidly disappear under the com-
bined effect of weather and shell fire.

8. The completed section of, the trench should be of the minimum
.dimensions shown in Plate 48, Fig. 2. The parapet must be bullet-proof
at the top, and the top should be as iriegular as possible, provided that
it does not interfere with the firer. Slopes should not be steeper than
4/1, and the fire steps should be at least £ feet wide. The back of the
trench should provide a passage at least 2 feet wide at the bottom,
which should be a minimum of 6 feet below t\l\le top of the parapet.

The interior slope of the parapet should be revetted, if possible, so
:as to provide a firm support for the forearm of the firer.

A revetted section is shown on Plate 48, Fig. 3. The fire step must
ihe revetted first in all cases, since, when men are firing, the whole of
their weight is thrown on to the rear edge of the fire step, and unless the
:step is wide and the edge revetted, it is very quickly destroyed and the
fire bay becomes useless. Bricks, rubble, trench boards or boarding may .
Jbe laid on the fire step, so as to provide a hard standing at the correct
flevel.

The remainder of the trench should not be revetted if it will stand
without revetment (Sec. 60).

When the trench is revetted, the interior slope may in good ground be
.cut at a slope of 6/1, but not steeper.

The parados should be irregular at the top and 2 to 38 feet high, so
as to form a background for the heads of the men in the trench.
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‘“

will prenerally he sccesemy to entionch small units suech s section or
phitoonsan detached positions In this case, conccaliment of the defences
trom diecg observation is wllamportant and the section of tiench to be
adopted wall have to be of a section cach as that shown in Task 1. Plate
a8, luz 2 with the poarapet carefully disgureed to appear hike the
nerehbowmiing gronmd 1t will probably be ampossible to provide any
mnte chiborate cover withont @ving up roncealment, and it therefore
follows that the Inrger cectinns of trench will not bhe sumitable until the
hdences are more or lesc contintons Hins <oction gives a tiench, the
bottom of which 1o the length of o picd helve below the onginal <urface
of the ground, The trench must not be deepened further until it has
‘been widened, as shown n Task 11, Plate 48, Iz 2. 1 an attempt is
w e to doepen the trench before it has been widened, the fire step dis-
tppets, s that it s impassibile to fire out of the trench, and the trench
hecomes pmpassable and collapses under Shell fire,

Irenches bohd the front hoe, which wie generally dug by work-
wities, should be dug to the full width fiom the beginning, pro-
vded that the tashs can be <o arranged (Chapter THY that a depth of
A Jert can be ddug an the first aehiet. No wotling party should be
allowed to banve o trench which may have to be used ns a fire trench,
until that trench has heen dug throughout to such o depth that it gives
aood cover to men hong standing it The advantages of dizgg a

2rench to the full width trom the start are —

V.
ang s
¢

1 That a proper fue <tep iv ascured

i The labour of iz s lescened, hecause the bulk of the ex-
cavation ts fimtched hefore water can collect m the trench and

make the digmng diffiendt,

m Trenches dug m thns way to the proper slopes last much longer
than nartow trenches, which ru;im] s di~sappear under the com-
bhined effect of weather and <hell fire.

S The completed section of the tiench should be of the mmmum
dimensions shown 1 Plate 48, Itg 22 The parapet must be bullet-p1oof
at the top, and the top should he a< rregular as possible. provided that
i docs not mterfere with the firer  Slopes <honld not be steeper than
411, and the fite steps should be at least € feet wide. The back of the
ttench <hould provide a passage at least 2 feet wide at the bottom,
which shiould be a mumumnum of b feet below the top of the parapet.

-

The intenor slope of the parapet should be 1evetted, 1f possible, so
as to provide a fum suppoit for the forearm of the firer

A revetted section 1s shown on Plate 48, Fig. 3 The fire step must
be 1evetted fust an all cases, smee, when men are firing, the whole o
then werght 15 thiown on to the 1em edge of the fite step, and unless the
step 15 wide and the edge 1evetted, 1t 15 very quickly destioyed and the
fite bay becomes useless  Bricks, rubble, trench boards or boarding may
be laid on the fite step, so as to provide a hard standing at the correct

Nesel.

The 1emamnder of the tiench should not be 1evetted if 1t will stand
without 1evetment (Sec. 60).

When the tiench is 1evetted, the interior slope may in good ground be
cut at a slope of 6/1, but not steeper.

The paiados should be irregular at the top and 2 to 3 feet high, 50
s to foim a background for the heads of the men in the trench.
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52. Communication trenches.

1. To afford protection from enfilade fire and to minimize exposure to
shrapnel, communication trenches must be irregular in line zig-zagged
or traversed. The winding trace (Plate 51, Fig. 1) is best, but the
curves must be sufficiently pronounced to give real protectio,n against
enfilade fire. When it can be avoided traverses should not be made in
communication trenches, as they make the movement of carrying parties
difficult. If traverses are made, they should be rounded to enable loaded
men and stretchers to pass; they are easier to revet when rounded than
when square. The minimum curve in winding communication trenches
so that a_stretcher can be earried round it, Is 16 feet radius in a trench
3 feet wide.

2. Except in such soil as solid chalk, communication trenches which
are required to remain serviceable for a long time or to stand wet weather
must be revetted. A berm of 18 inches must be left between the edge of
the trench and the parapet. The minimum width at the bottom should
bo 2 feet 6 inches, but 3 feet is better. Increasing the width reduces the
protection afforded, and the width of 3 feet at the bottom should seldom
be exceeded. The revetted sides must be sloped at between 4/1 and 3/1.
The depth of the trench from top of parapet to bottom of french or
trench-board should be 7 feet, if possible; the proportion of depth of
trench to height of parapet depends on the site and facilities for drainage
(Plate 51, Figs. 2 and 38.

3. Passing places.—The communication trenches may be the only
means of effecting reliefs in the trench system. Instances have occurred
when relieving troops have stuck fast in the trenches and been unable
to proceed.

Passing places, and in a long trench occasional sidings, should be
arranged; sign-posts should always be placed at the entrance to com-
munication trenches, and at any branches off them, to show where they

lead.

4, Defence of communication trenches.—Special arrangements must
be made to prevent the enemy’s bombers working down a communication
trench to attack the lines behind, Any communication trench leading
into a fire trench from the front must be made straight for the last
45 yards, and Lewis gun or rifle fire provided down the straight portion
(Plata 52, Fig. 1). A dog-leg trench will do, if proper arrangements can
be mﬂfle for enfilading both reaches of it. Provision must be made for
blocking this last 45 yards of the trench at both ends. Chevaux de frise
(‘“ knife rests’’) or other wire obstacles are placed in a recess or along
berm at the point where the block is to be made, so that the last man to
rotire can quickly pull them down into position (Plate 52, Figs. 1 and 2).
The straight lengt{: must be well wired on both sides.

5. Communication trenches prepared for use as fire trenches are of
the utmost value for flank defence when the enemy has succeeded in
penetrating the front line. T-heads or D-heads should be dug off the
trench so as to form fire bays facing in the required direction, or fire
trenches should be cut across a re-emtrant angle in the trench (Plate
* §3) : the occupants of these trenches must be protected from rifle and
machine gun fire from positions in rear. A communication trench pre-
pared for use as_a fire trench should be protected on both sides by a
good wire entanglement.

6. Trench junctions.—A communication trench should enter and
leave a fire or traffic trench as shown in Plate 57, Fig. 2: commumcatlog
trenches joining a fire trench should do so at an angle to the expecte
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9 §hit trenches afiord very good protection from a bomtharemen.
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52. Communication trenches.

1. To afford protection from enfilade fire and to minimize exposure to
shrapnel, communication trenches must be irregular in line, zig-zagged,
or traverséd. The winding trace (Plate 51, Fig. 1) is best, but the
curves must be sufficiently pronounced to give real protection against
enfilade fire. When it can be avoided traverses should not be made in
communication trenches, as they make the movement of carrying parties
difficult. If traverses are made, they should be rounded to enable loaded
men and stretchers to pass; they are easier to revet when rounded than
when square. The minimum curve in winding communication trenches
gofthéxt gdstretcher can be carried round it, 1s 16 feet radius in a trench

eet wide.

2. Except in such soil as solid chall, communication trenches which
are required to remain serviceable for a long time or to stand wet weather
must be revetted. A berm of 18 inches must be left between the edge of
the trench and the parapet. The minimum width at the bottom should
be 2 feet 6 inches, but 3 feet is better. Increasing the width reduces the
protection afforded,.and the width of 3 feet at the bottom should seldom
be éxceeded. The revetted sides must be sloped at between 4/1 and 3/1.
The depth of the trench from top of parapet to bottom of french or
trench-board should be 7 feet, if possible; the proportion of depth of
trench to height of parapet depends on the site and facilities for drainage
(Plate 51, Figs. 2 and 3).

3. Passing places.—The communication trenches may be the only
means of effecting reliefs in the trench system. Instances have occurred
when relieving troops have stuck fast in the trenches and been unable
to proceed.

Passing places, and in a long trench occasional sidings, should be
arranged ; sign-posts should always be placed at the entrance to com-
munication trenches, and at any branches off them, to show where they

lead.

4. Defence of communication trenches.—Special arrangements must
be made to prevent the enemy’s bombers working down a communication
trench to attack the lines behind. Any communication trench leading
into a fire trench from the front must be made straight for the last
45 yards, and Lewis gun or rifle fire provided down the straight portion
(Plate 52, Fig. 1). A dog-leg trench will do, if proper arrangements can
be mafle for enfilading both reaches of it. Provision must be made for
blocking this last 45 yards of the trench at both ends. Chevaux de frise
(““ knife rests’’) or other wire obstacles are placed in a recess or along
berm at the point where the block is to be made, so that the last man to
retire can guickly pull them down into position (Plate 52, Figs. 1 and 2).
- The straight length must be well wired on both sides.

5. Communication trenches prepared for use as fire trenches are of
the utmost value for flank defence when the ememy has succeeded 1m
penetrating the front line. T-heads or D-heads should be dug off Ele
trench so as to form fire bays facing in the required direction, or fire
trenches should be cut across a re-entrant angle in the trench'ﬂ(Plat(elz
* 53): the occupants of these trenches must be profected from ri }e an
machine gun fire from positions in rear. A communication trpdnc 1bpre'-
pared for use as a fire trench should be protected on both sides by a

good wire entanglement.
6. Trench junctions.—A communication trench should enter and

: i : ication
Jeave a fire or traffic trench as shown in Plate 57, Fig. 2: commun
trenches joining a fire trench should do so at an angle to the expected
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d not at night angles to the trench, the entrance aud
frpcuon of firo and n — e of or loast 30 vards, so thit one shell
t

mtervals of 100 to 200 yarus t stise ws *

7 Overland tracks, with ail trench crosstugs properly bridged, on
either site of 2 main communication trench relieve congestion of traffic
at mght or by day when conditions are favourable

53, Reserve frenches

1 Reserve trenches should be similar in demign to traversed fire
trenches  Protection a%‘amst shell fire 1n _the form of tunnelled dug outs
or concrete shelters (Chapter NIV) should be provided

2 Sit trenches aford very mood protection from a bombardment
They are 2 to 3 feet wide and 4 feet deep, dug at right angles to and
on erther sude of the commumeation trenches They must be strutted
at the top to prevent collapse, and extt sbeps Must be provided at the
end away from the commumication trench FEach *sht* should be
wary 1n plan and long enough to hold 10 to 12 men (Plate 54, Tigs 1
and'2) These trenches are used also for cover for reserves macune-
gun detachments, and, 1n artillery positions, for the personnel of the
guns

54, Drawnage

1 Dramnage of trenches and fire positions 1s of the greatest import-
ance 1f neglected trenches collapse and disappear in bad weather
N 1th, fulare to provide 1t,
tons  More trenches are

1emy’s fire

The question of drainage must be carefully considered when trenchs
are sxteg Drams should be put at the lowest point of each fold 1n tiex:
ground and the bottom of the trench graded so as to fall towards them
without any mtermediite depresstons — These graded lengths should be
hept as short as possible to himut effects of blocks by shell fire

Excavation of drains should be done uphill and the
trench graded before work ceases each day, so th:‘;‘t po:}.e]‘)tosu?;nmggdt{bm
unfinishied tasks, are not left to collect water ’ d

2 Pumps._Fiery acheme for keeping = trench system clear of water
must include an ample supply of pumps  the necessary pumping partst

are_supphed
e ‘l“g acs. by the garrison’ A sumple form of sludge pump 15 shown

:;u{ur'\illdm;;:‘nge ul mipou{nble The on]
e 15 thay below the Jevel of the bottom of th

reacles n permeable stratum 1t must be p&?n;ixmo};’&'}]e;s the sump
sump ceasts to absorh water, 1t 15 probable that the pore ef %ﬂt Ia
able stratum hase become chohed with particles of .,‘2,5 > ? g;; ket
the sump ure shaved off 3t will aguin absarb water s 3 the sides of
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Sump pits must be revetted above water level with a skeleton revet-
ment, kept in position by bracing across the sump: below water level
the pits must be revetted with brushwood, X.P.M., or corrugated iron,

When constructing a trench system, until the main sumps can be
provided, it will be necessary to provide small sump pits in the trench
itself : these must be well revetted, and kept clear by pumping.

4. In ground where the water level is close to the surface, the depth’
of the trenches must be reduced accordingly and cover obtaimed by in-
creasing the height of the parapet up to a full breastwork, if necessary.
In such soil, sumps are of no value.

5. Tn occupied trenches, the mud which is churned up by traffic will
make drainage impossible, unless trench boards are laid with a clear
space for the water to flow bencath them.

. Trench boards should be laid as soon after digging as possible, even
in dry weather, for, after a heavy shower, traffic will quickly convert the
bottom of the trench into a slough. ’

6. The maintenance of a drainage system is essential and must be
carried out by the troops in occupation. Special trench wardens must
be detailed for communication trenches, so that blocks caused by falls or
shell fire may be removed without delay, ’

58. Repairs to trenches, )

The first object in repairing trenches which hiave become impassable
owing to bad weather or lack of drainage is to make them usable and
dry. This can only be done by sacrificing depth and cover. The work
should be carried out in the foilowing order (Plate 54, Fig. 3) :—

i, Cut back berm of old trench to 3 feet (shovellength). L
ii. Cut back the top of the trench, making it not less thaii 6 f(_a‘éf
wide and sloping it to the bottom of the trench irrespective
of depth. 1f the mud at the bottom is bad and is increased in*
cutting back the sides, leave it in, if it is sticky and difficult
to get out. )
iii, Put in_ * A" frames, sinking them into the mud as far as
possible, and lay trench boards (Plate 58, Fig. 4).
iv. Clear the mud from between the ** A *’ frames so as to get a good
drain right along the trench. )
v. Deepen the trench and revet (Plate 54, Fig. 5), being ’c’areful to-
leave at least a 9-inch berm at the tops of the ** A’ frames.

'

56. Sapping.

. Sapping consists in constantly advancing a trench in the direction
of iilzs lenpgeoh gby a party, who work standing on the bottom of the trench
and keep themselves under cover by throwing up a parapet on the ex-

' posed flank and end of the trench. :
The width of a sap is just wide enough to allow one man at the face
to use his tools (Plate 58, Fig. 1).
Sapping is the method of making trenches when the fire of the enemnly
is too accurate to do ordinary trench work, or when it is necessmy‘.tg
establish communications between listening or other forward posts with.

the front trenches.
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The average rute of progress is from 2 tn 3 feet an hour  The man
2t the fice must bo constntly changed Sap. should be nired wm on

both sides to prevent the enemy from raiding and eaptunnvg the occn
pnts

2 Russian saps (Dlate 58, Fiz ) are tunnels driven from 2! to 3
feet under the surfice 1u the same wav ag deserbed far Vipoouts and
= N ted commu

to provide

In limsxtmn warfire, prior to an offensne Russian saps are driven
forward towards the enems’s treaches 50 ax to enable communication to
bo estabhished as guichly as possible, when these trenches hate been
captured A Russian sap is converted mto 2 cammunieation trench b
remeving, the tap aills ot the fraumes and allowing the supported eart]
to fall 3w Thas earth must be dleared away at once otherwisg the sap
svon becomes impassable and the sides of the sap must be prevented
from collapsing  1he side tymbors may be hept in pliwce by screming
home short serew mchets in the side of the sap about threequarters the
heght of the sap esery 5 feet and pisang an won rod ar ype through
the eyes (Plate 58, Fig 3)

§%. fn skead cover, head cover legphales

"1 Overhead cover 1 never nsed wn any trench which 1 to be oceupred
as a fire trench_ Orerhead covir for shelters and dug-outs 1s dealt with
1w Chapter A1V

Berond this the onhy cases m which oserhead pratection s required
are behind defended walls (Sec 62, 2) or as a protection agunst niffe
grenades tn posts on the hip of & criter

2 Read cover.—Hasts bad eover may be provaded by Ehcmn large

stones or bugs of slunegle w the parapet the firer must fire ablquely
actoss the parapet in order to met protection from hostile fire  More
dehiberate herd cover s ptosided by Jophales

3 Loopholes,—All firtnz by aught wd to meet an attack s hether by
& or mght, must be over the top of the paropet A certamn number of
Yoopholes are mecessare Bewneser m ol irench svstems for the uee of
woipers to inflict casnalties on the cnems whenever oppertumty affers,
1o annay kim, nterfere with es woth heep lum under cover, 1nd Leep
Quwn the firo of dus smpers (Sev 88) ond for cbservation

\arous trpes of Joopholes are shony on Plrtes 53, 68 and 81,

The art of busldmg Joopholes <o 1 to mhe them secure, invisthla
anl cunvement for fintng 1t defiurte points reguires most caveful study ~
ard traming  The cluef puants 10 be abserved ave —

1 They are usually made 1t mght wnd therefare the alymment
must be sited and marked oug by day

W The work must be completed 1n one mpht and all suzny of new
work mnst be oblitertted bs diylight

W The masimum amount of pratection must be given ta th
A gervice steel loophole plate with a metnlgna
aperture 19 the best form of loophole at close

¥ The yecess must give sufficrent roem to dlloy
nfle bbligualy through the Joophole from ¢
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v. Loopholes must be concealed from the front and they are there-
fore set obliquely in the parapet.

vi. Cun:\i_n:u must be hnmx'm the baek of the leophole, so that its
position s not established by lght showing through it.

vii. Concenlment may be facilitated if the exterior slope of the para-
pet s made irregular combined with beams, timber and
rubbish of all sorts thrown over it (Plate 61).

The eoncealment of loopholes by the applieation of i
RARISE ot} ¢ ! g camouflage is
dealt with in Appendix X, Sae, 5, 1, =¢

58. Snipers’ posis.

No definite rules can be laid down as to the best position for snipers.
It must be left to the ingenuity and enterprise of the snipers to discover
suitable places and to utilise them skilfully. Many excellent places
will be fonnd far observation and <niping in rear of the firing line. The
best time to reconnoitre for such points is during the evening light
when the enemy cannot see very far, but while it is still possible to seo
whether they command the view required.

2\ tunnel through the parapet, if the opening is carefully concealed,
may prove a good sniper’s post (Plate 61).  Sniper posts should be made
tor two men, one to observe and the other to fire or to make notes.

59. Observalion posts, intcligence posts, lool-out posts.

A\ pood system of observation is of the utmost importance to the
artillery and infantry in any form of warfare. Observation and intelli-
rence posts are eyes of the artillery and infantry commanders, respect-
ively, and the enemy will spare no pains to blind them. The utmost
care must therefore be taken to conceal these posts, as any building,
feature or point which is suspected of being used as an observation post
will certainly become a target for his artillery.

For good observation work the observer must be comfortable. A shelf
rest in front for his elbows, field glasses, ete., is required.

The post must not be too dark, otherwise the eyes of the observer are
strained whenever he turns his head from the bright daylizht outside
to the darknuess within. The rear of the post must not be open to full
daylight whenever anyone enters or leaves it, otherwise the enemy can
seo through the slit and observe such movements as may take place
behind it, and the daylight showing through betrays the place as an
observation or intelligence post.

The hottom of the slit should be 5 feet 6 inches from floor level, to
enable a tall man to use it. A small platform can easily be placed for
a short man.

The observation slit should be of irregular shape and not less than
G inches high. If the slit is less than this, the field of view is too small
unless the observer keeps his eye close up to the slip, which attitude is
much too fatiguing for prolonged observation. Headroom above the slit
sthould not be less than 6 inches.

The slit should be about 3 inches wide or according to the field of

view required.

Observation posts h

ave often become useless from having been built
with the slit too near the local ground. leyelg when the grass

and weeds
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grow, observation 1s cbscured and entting down 1s quite rmpossible n
mapy cases owing to the proxumity of the ememy and the amount of
clearing required which would naturally betrav the observation post

The floor area must be as small as possible 1n order to reduce the
labour of construction and to facilitate concealment Thrrty six square
feet 15 the mmimum arcs 1n which work can be done properly (Plate 62)

For artillery 1t should be large enough to accommodate one observer
two telephonists, ind maps, the telepk can be dated with
advantage below the observer (Plate 83)

60. Revetment of trenches

1 Slopes —The amount of revetment in trenches can be yery much
reduced 1f the sides of the excavations are carefully sloped There 1s
no difficulty about this provided that the work 1s properly set out and
explained fo the men Unless the slopes are cut smooth and umform
ram lodges on the uneven surface and soon sonks into the earth and
makes 1t disintegrate and fall

A trench, A, B, C, D with well cut slopes and badly cut slopes 1s
shown on Plate 64, Figs 1 and 2

Slopes should never be cut at the sdme time as the excavation 1s being
%ug out the general principle of cutting slopes 1s shown on Plate €3,

g 3 M

Taking the side A B at a slope of 2/1 the horizontal distance from
Ato Bis 8 feet It will be convenient to diz the full depth of 6 feet
n two stages of 3 feet depth

First stage, leave a step 18 inches wide at A and dig from a, vertx!
cally down for 3 feet to b

-
Second stage, leave a steﬁ of 18 inches wide at b and dig from o'
vertically down for 3 feet to

Third stage, clear the steps by digging out carefully the triangular
blocks, Aab and ba'B

This 15 done best by first of all digming out narrow shits, W, X, T, Z,
at mtervals (Plate 64, Fig_3) as guides and then cleanng the remainder,
using spades or flattened shovels

The width of the step ad 1s arrnved at tn this way  The slope Ab
xs,bﬁll, ab=3 feet, therefore gA=18 inches, similarly for the step
a

)]
The' s1de,CD can be dome n exactly the same way, only as the slope
of DC 15 3/}, the width of the steps would be 1 footy; becatiqe the slage
of DC=3/1 and ed=3 feet, therefore dD=1 foot In'forward work pro-
vide party with a templet for width at top and bottom, n more ela-
borate work use field level 4

2 Selection of type of revetment —The prfucxp'zl objections to revet-

ments in a trench are the great nmount of time, labour and mat.
Tequited for their conscruct%on and that, should the trench be abli?vanl
i the revetting mnterial 18 difficult to clear away and obstructs traffic
ihls 1s particularly the case with corrugated iron etpanded metal and

rushwood hurdles It 1s often quicker, easter and more satisfactory to
de o “C\e'lrhronnd than through a trench which has been blown i, '
m[;eded g‘e?nlen the trench has xheen revetted with wire nettmng or ex-

The upper part of & trench 13 most eXpos y
ed to d:
and shourd not he revetted unless nbsolutr:ﬂy necoess;:’:x?va g‘:aﬁnf:gesu zfinrg
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]
brushwood (but not brushwood hurdles), are most suitable as they can
be cleared away with ordinary cutting tools and shovels. -

The lower part of a trench is less exposed, and it is convenient to
revet it with some more permanent form of material such as corrugated
iron, expanded metal, hurdles or brushwood. This provides a firm
foundation on which to build the sandbag wall, facilitates drainage, and
greatly assists in clearing the trench by providing a hard surface to
clear to. .

Tivesteps should be revetted as soon as the digging is finished. This
may be done by using the short ‘“ A’ frames or pickets with revetting
material, such as corrugated iron, expanded metal, brushwood or
fascines, Sandbags should never be used for making or revetting fire-
steps; they become very slippery in wet weather, and men cannot get a
secure footing to fire from. .

Sandbags and gabions are most useful for repair work.

3. Revetments are of two types:i—

(@) Those which consist of a *‘skin’’ held in position against the
face of the earth By fixed uprights, e.g., corrugated iron,
expanded metal, brushwood or hurdles supported by pickets
or frames. )

(b) Those which are built up like a retaining wall or dam and which
hold back the eartlr by -their own weig?ht, e.g., sandbags, sods,
or gabions.

4. Type (a). .

i. Pickets.—If pickets are used as uprights, their feet must be driven
well into sound ground at a slope of 4/1 and their heads securely an-
chored back so that the pressure of the earth may not force them out of
position. The whole efficiency of the revetment depends on this
anchorage. C

Stout anchorage pickets at least 2 feet 6 inches long should be driven
in sufficiently far back from the face of the revetment to be well beyond
the angle of repose of the earth (Plate 65, Figs. 1 and 2), roughly twice
the height of the revetment from the face. Th revetment pickets should
be 2 to 3 feét apart and wired back to the anchorage pickets by at least
eight strands of 14 S. W. G. wire twisted together and windlassed tight.
These wires should be fastened to the anchorage picket at ground level
and to the top of the revetment picket, except in the case _of- breast-
works, when the wire should be attached to the revetment pl%et aié 53
point about one-guarter of its exposed length from the top (Plate 65,
Fig. 1). The anchorage wires must be perfectly stra.lght.'

In bad ground a second anchorage should be driven in_ 3 or 4 feet
behind the first and the head of the latter anchored.back tc_) it.

Anchorage should, as a rule, be driven in or laid at right angles to
the line of pull. )

" Screw pickets when used as anchorages should, on the contrary, be
screwed in, in prolongation of the line of pull. )

A useful type of revetment anchor is shown m ]l?latfat}GlG. carth auger

A hole is made in the ground at the correct angle witl an
or picket. Wire is attacl%ed to the anchor, and the anchor pushed down
the hole, short end first, with a stick. L Che

soon as a strain is put on to the stay wire,
ancﬁcfr bite into the sides of the bore hole, and it eventuaﬁ
position across the hole. (Sec also Sec. T4y }0’).

ii. * A’ frames.—(Plates 8 and 9) provide t

boards with a drainage channel below.

oints of the
y assumes 3

he supports for trench
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In uung these revetting frames the revetment must commence at
the bottom of the frime (Dlate 48, Tig_3) The trench must be dug
deep enough to allow of this being done  Trenches an which 1t 18 antended
to use these frames should be cheched by means of templeta dunng
excavation, 3 inches clearance betng allowed on ench mde of the frames
Earth must be tightly pached below the struts of the ‘ A7?’ frames

N Tl]xe frames must not be fitted nto slots cut i the bottom of the
rench

‘Lhe frames must be upnght and properly aligned so that cach tihes
its share of the earth pressure

The distance apart of revetment pukets and A ' frames dependg
on the stiffness of the revetting materisl used n ordintry ground they
should be from 2 to 3 feet apart when burdles or brushwood are wsed

w Carrugated 1ron 1s the strongest aud most durable resetting mate-
nal  The sheets should overlap each other by 3 inchies an upright being
placed at each overlap and opposite the centre of each sheet

In waterloged ground 1t 1s aduisible to make weep-holes m the
sheets to assist in the dramage of the earth hehmnd

u  Expanded metal should be used wn the form of hurdles (Plate §
o= gabions (plate 7) If hurdles are not avulable 4 incles by I inch
lonmtudinal battens ean be nailed to the expanded metal to give 1t
some measure of ngdity 1n either ¢ the cxpanded metal and not
the battens should be p{ﬂccd next the earth  When A frames are
used as uprights, these battens should be natled or wired 1o them, tins
helps to heep the frames in posstion and strengthens the revetment  For
convenence tn carryiag, the X 1* \[ may te rolled up and the hattens
aailed on at the site where they will be used  Plate 7, Fiz 6, shows a
wire hiook which ts usefnl for faang together plamn N P M sheets 1n
revetments or gabions

If expinded metal 1s used for revetting firesteps o picket or plink
must be fixed nlong the edge of the firestep to present 1t from being
trodden down  Expanded metal hurdles should not be used tn positions
exposed to heavy shell fire  When It by gun fire the dimaged } urdles
frequently block o trench badly and are difficult to extnicste  Brush-
nood or llght wooden hurdies are better

v Brushwood.—Remote the leaves and twigs and pach the brosh
%0od 1n helind uprights spaced at about 2 i 3 feet sntervals  The
brushwood need not be woven between the mprghts Brushwood 1s
serv bulky and requires n great deal of transport 1t ts most nseful for
®ork near woods, where 1t w31l be obtuned when cleaning the feld of fire

1f brushwood hurdles are used, they must be held in poution by pro-
*ﬁmnnh;zs. e e Hn anchor bach the ‘pirkets of the
wrdle steelf

yt Planking,—} orest planling or half round waste outaide
fogs may be used for meﬁmg 1 pusitzens ot exposed to artill

T Wire netting and canvas are almost ascless—th
trelr under the pressure of the sarth

v Hurdles or planks bicked by Hesuaz
Tevetment for fipe desert rand.

5 Type (b),

¥ Sandbage. Sandt, hould
sand so thay J‘:n (x;ﬁs; ‘wlxh‘n

€
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brushwood (but not brushwood hurdles), are most suitable as they can
be cleared away with ordinary cutting tools and shovels. .

The lower part of a trench is less exposed, and it is convenient to
revet it with some more permanent form of material such as corrugated
iron, expanded metal, hurdles or brushwood. This provides a firm
foundation on which to build the sandbag wall, facilitates drainage, and
greatly assists in clearing the trench by providing a hard surface to
clear to. .

Firesteps should be revetted as soon as the digging is finished. This
may be done by using the short ‘“ A’ frames or pickets with revetting
material, such as corrugated iron, expanded metal, brushwood or
fascines. Sandbags should never be used for making or revetting fire-
steps; they become very slippery in wet weather, and men cannot get a
secure footing to fire from.

Sandbags and gabions are most useful for repair work.

3. Revetments are of two types:—

(a) Those which consist of a ‘“skin’’ held in position against the
face of the earth by fixed uprights, e.g., corrugated iron,
expanded metal, brushwood or hurdles supported by pickets
or frames. ; .

(V) Those which are built up like a retaining wall or dam and which
hold back the eartlr by+their own weight, ¢.g., sandbags, sods,
or gabions, -

4. Type (a). '

i. Pickets.—If pickets are used as uprights, their feet must be driven
well into sound ground at a slope of 4/1 and their heads securely an.
chored back so that the pressure of the earth may not force them out of
position. The whole efficiency of the revetment depends on this
anchorage. C

Stout anchorage pickets at least 2 feet 6 inches long should be dmve(xll
in sufficiently far back from the face of the revetment to be well beyon 4
the angle of repose of the earth (Plate 65, Figs. 1 and 2), r_m}ghly l’]DWl{«‘(‘i
the height of the revetment from, the face, Th revetment pickets s lou |
be 2 to 3 feét apart and wired back to the anchorage (i)lclgets by at i’l‘i
eight strands of 14 8. W. G. wire twisted together an wmdlnsseddtxf,z ]

- These wires should be fastened to the anchorage picket at grm%nb e“t%.
and to the top of the revetment picket, except 1n the case '01_ treatsa
works, when the wire should be attached to the revetment pui) \let «'165
point about one-quarter of its exposed length from the top (Plate 85,
Fig. 1). The anchorage wires must be perfectly straflght.. foct

In bad ground a second anchorage should be driven in 3 or 4 fee
behind the first and the head of the latter anchored..back t? 1t. los &

- Anchorage should, as a rule, be driven in or laid ab right angles 1o
the line of pull. ¢ be
Screw pickets when used as anchorages should, on the contrary,

screwed in, in prolongation of the line of pull. )

A useful type of revetment anchor is shown in Plate 66.

. . g er
A hole is made in the ground at the correct anilg ;Vézgof;_npf;‘siga q&’O%m

or picket. Wire is attached to the anchor, and t.
the hole, short end first, with a stick. ) e of the
As soon as a strain is put om to the stay wire, the HOI L mes B
anchor bite into the sides of the bore hole, and it eventually
position across the hole. (Sec also Sec. 74 %0). i< for trench
. A" frames.—(Plates 8 and 9) provide the supporis
boards with a drainage channel below.
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In using these reveiting frames the revetment must commence at
the bottom of the frame (Plvte 48, Tng 3) The trench must be dug
deep enough to allow of thns bemg done  Trenches in which 1t 1s antended
to use these frames should be checl ed by means of templets durnng
excavation, 3 inches clearance being allowed on each side of the frames
Farth must be tightly packed below the struts of the “ A’ frames

4 Tl)e frames must not be fitted into slots eut 1n the bottom of the
rench

The frames must be upright and properly aligned so that each takes
ste shire of the earth pressure

The distance apart of revetment piclets and A frames depends
on the stiffness of the revetting matertal used 1n ordinary ground they
should be from 2 to 3 feet apart when hurdles or brushwood are used

w Corrugated fron 1s the strongest and most durable revetting mate-
112l The sheets should overlap each other by 3 inches an upright being
placed at ench overlap and opposite the centire of each shegt

In waterlogged ground 1t 1s advisable to male weep holes mn the
sheets to assist 1n the drainage of the earth behind

1 Expanded metal should be used 1n the form of hurdles (Plate 6
o~ pabions (plate 7) If hurdles are not available, 4 incltes by 1 1nel
lonmtudinal battens can be nailed to the e'qmmfed metal to give 1t
some mensure of rizdity 1n erther case the expanded metal and not
the battens should be placed next the earth  When A frames are
Eﬁed as uprights, these battens should be nailed or wired to them ths

or

itiens

- - ows 2

. N ets 1n
firetments or gabions

If expanded metal 1s used for revetiing firesteps a pichet or plink
must be fixed along the edge of the firestep to prevent 1t from bemng
trodden down Eapanded metal hurdles should not be used m positions
e1posed to heavy shell fire  When hit by gun fire the damaged hurdles
'ffquentlfv block a_trench badly and are difficult to extricate  Brush
wood or light wooden hurdles are better

¥ Brushwood —Remove the leases and twigs and pach the brush
;\)md m belund nprights spaced at abont 2 to 3 feet intervals The
Tushwool need not be woven between ibe uprights  Brushwood 1s
sery bully and requires a4 great deal of transport 1t 1s most useful for
work near woods, where 1t will be obtained when clearing the field of fire

H brushwood hurdles are nsed, they must be held 1n position by pro-

{‘“‘ uprights 1t 1 net sufficient to anchor back the pichets of the
urdle stself

¥ Planking —] orest planking or half round waste outside cuts of
% may be used for revetting 1n postons not exposed to artillery fire
¥ Wire netting and canvas are almost useless—they bulge exces
wvele under the pressure of the earth. 7 e =

Vi H 1
’l\'v:!mcnzufrﬂogn:rdg:;k:ﬂ,‘:&(‘“d by Heswan camvas form a suitable

5 Type (v)

1 Sandbags
sand go thazgw_h—;:s

fog:

andbags should be three-quarters filled with earth or
n beaten with o shovel to a réctangular shape they
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mensare about 20 by 10 by 5 dnchas, Hard ground, gravel, chalk, bricks,
vleg, must be broken srnll so that swhen the candbag is filed the mate-
rirl can bo whalen into n compact, plinnt mass. In this cace the sand-
bLaue murt got e henten,

A filling: party shonld consist of three men, two holding and tying and
une shovethng; bilding parties should work in pairs, The size of the
arring party eonnecting the flling and building parties depends on the
dictanca that the baga must be carried. Three men shanld fill and two
men <hiould day G0 bags an hoor, so that the enarrying party should he
wiffierent 1o deal with thic number of bags,

Sudbaze rot quiekly and «hould not be used when the revetment is
tequired to stand for o lang period if other material is available, They
are uxed in the repiir of damaged parapete and for quiet work close to
the v iy, .

The revetments must take the form of a properly built and bonded
retainigy wall, with the thickmess at the base proporttonal to the height;
it it ned beoaomers veneer ar skin of bags, The common faults in
buildingy eandbaes are shown on Plate 67,

The et important part of o wandbag revetment s the foundation;
thi ot be 1 vound gronnd and must e exeavated so as to be perpen-
dirnbar o Cue slops of the fuce of the revetment,  The * batter ™ (slope)
fur @ <nndbag revetment is 4 an 1 the foundption must, therefore, be
cut toa cdape of 1in g,

In uneannd ground the foundation of the sandbag must be revetted;
short A7 drames are best for this puirpose,

A bage is smid to bo oa Yostreteher ™ when it i< Inid with its longest side
parallel t) the fuee of the wall, and a * header ™ when at right angles
to the fuce,  The bond used in sandbnpging is known as English Bond,
f... alternnte conrse of headers and stretehers (Plate 67). The ﬁ_rst
course should be headers.  Hoaders should be laid with the chokes (tiec
endsy towards the paeapet: if o streteher has only one seam, this also
should he turned towards the parapet,

ii. Sods.—Sads shonld be Jaid in the same way_as sandbags, grass
downwards ; if available n «plit picket should be driven through each
suil to hold it in position and strengthen the reveiment. DBundles of
heather and grass can be used in the same way for temporary work.

ili. Gabions,—Gabions should be set nt n batter of 4 inl, on n]fgundé
ation #s described in sub-para. i. above. They should be filled solid an
kept steady by carth thrown up against them at the same time.

t back behind

sandbags are used above the gabions, they must be se
1 . F ! bottom layer

their edee to prevent the expanded metal from cutting the
of sandbags.

61. Hrerastiwcorks.

1. Breastworks are made when it is impossible to ohmxn_‘clq;f]r l(;:‘
digeing trenches: for instance, in rocky country where ther_e ]15 l‘toethe
no earth, and in marshy country where the water lies on or ¢ osef 0 he
curface.  Their construction is” «low and laborious. 1In ‘Sp{tte'oks {u'e
being more conspicuous than trenches, well-built earth breastworxs I

. glv ired than
not damaged unduly by artillery fire and are more easily repaire
trenches.
¢
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The trace and profile of hreastworks follow the same general rules na
for trenches  The parapet must be at least 5 feet thick at the top, the
exterior alopo between 172 and l‘ i, and the borrow-mt from which the
eartk for the parapct 1s obtatned must be triced so that a berm of
feet 15 left between the toe of the exterior slope and tho edge of the pit
(Plate 57, Fog 1)

2 Breastworks must be constructed with traverces in the samo

- . T low of overy man
of cover for free
1 can bo obtained,
n a ratsed finn;
ground level an
1t and round the
ends of traverses A parndos must be constructed to rrmect the
garnson from the bachblast of Ingh explosive stells  Tius parados
should be bullet proof (4 feet thick) at ats top nnd strongly revetted on
both faces It should be as ligh or shehtly hagher than the parapet
A path paved with brick or trench boarded just behuind the parados 13 a
.- DAL * with the fire bavs by opemings

ery other traverse The space
hould be trcuch boarded, and

3 The Iabour of mosving the carth required to make a breastwork,
by shovelling only, 1s so great that some specinl arrangements must be
made to reduce 1t Wheel barrows, hand barrows bashets, wheehn&
planks, trench boards for tracks, and hor<e scopes should bo employes
as required

4 A breastworh once legun sliould be completed as quickly as
possible, for, while incomplete, 1t 15 very vulnerable to artillery fire It
1s alse importaut to complete the work in dry weather, for the borrow-
Pits are likely to fill with water and progress 1s then very slow 1f not
Impossible >

5 A breastwork may be constructed as follows —

Put up two revetments of gabions or hurdles—or f using sandbags
bwmld two sindbag walls—10 feet apart, fill in between mth
earth, build up o bursting course 1n front, finally make a
very pentle slope to the front

8 DBreastworks constructed of sandbags are much more vulnerable to
artillery fire than carth breistworhs andbags are used when silent
work 1s required A sandbag breastworh must be bult in the sime
manner and with the same precautions as !ud down for the sandbag
Tevetments (Rec 60, 5)

7 If shelters for mon sre required these mnst on no nccount be
copstructed under the parapet, but belind the parados TLach shelter
80 constructed will require o parados of 1ts own

8 Sangars used to denote the rough dry stone walls belund which
Indtan Frontier tribesmen fight The term has now come to include
breastworks binlt of stone  All dimensions given for breastworks apply
equally 1 the cuse of sangars, but the exterior slope, 1f not lable to
shell fire, my be made steeper  The top & or 6 inches of the parapet
should be of sods or earth 1f avarlable i order to mmmizo cas
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Fros: eplinters. and i iz preferct! tanld ke fr =
Fror: splir :;-,'.1‘ e is preferet] rtk skanld be in sazdiacs
fa tunt it shill mat be Liast awa .

‘Larpe siones of irreonlar <izes frozz the <ize f 2 poar’s Fza

<3 1% inrhes or mare in Aiameser. ed o .tzc"j:r‘r‘:f“;'::;'—a}ff—?i
. Thre elbor re-t <hanld. whers Ie, ennsies of earth-Slied sordtazs
Inr preater enminrt. If the sangar eIl fre 2rf zryes=tk
I zvzilable. the parsper maz be storn in Pizte 806, If
trer are not lizhle to chell Bre, wall ska7ld e ot lzass
2 fest £ incles thirk to avoid arg rre 6t lecz £rding trslr wey
Thnreuzi interestices hetween stones. Tre exterior slepe rmov ir thor cose
te2'l. Tithe -angaris liable to revere £re, a porades will be reqoimed.
Farther remarks on the bnildigz of sapcars 1n ronrteinc werizre in
Indiz will be fonnd in Appendiz XI. )

. 0. Stockades are walls prepared for defezce or breastworis Enflz of
zimber. Their thiskress will vary aecordins to the crmament of the
enemy (e.5.. in West Afrien and on tke North-Ezst Froztier of Irdz
T;rrr.:nifm reed not be made at present azain-t rmoderr £re arrss). Thel
lnephalzs mnst te arranced <o 2¢ o Ering £2ckine fre or eack face 2zd
2t suck 2 kelizkr that the ensmy canrnot nse ther from the eutsids
4.0.. 6 fect € Inckes from croand larel

62, Dcferre 6f Fedgee, walls, efe.
1. Hedges.—It i= most important to coneezl the fact that the badge
1 : for this reason. the back of the kedes most e cleared so
<has the mpper branches mar form 2 - tks
frons of the hedze mvst be deared o tha
-3 + -
W .

ol
¢ the defender can see zrd £re
ke folizze or branrkes kids ke

thronch withont being <een. and <o thot ¢k Ze I
earth whirh has been excavaied and throwr to tke front w0 make ke
parzpez. The front of the trench must he close 1o tke centre of the

a3

hedee, <o that 135 thirk <ters may interfere witk tke frer as littde 2
poszible (Plate 62).

If the ditek is on the enemy's side of the hedze. excavated eazh c2r
%e thrown mto it ard then covered with the trizmmings of tk dzz.

[\
I
i
Y
M
W

Hedres should be rrimmed in frozt with 2 jack
~kole:ale manner witk billhacks or harnd-zxes.

wi
The mots of hedges will make the work of excavatior dificul.

2. Walls.—It ic rarely advisable to cccupy wells if the eremys
criillers is efirient—machine-gun fire would usuzlly ecfrres tZe 3‘31& g;
lonp-holes~ In zny case., men oceapricg ralls or bnildincs skar =
proteczed from falling debris by overhicad cover (Plzte €8, Fiz. 5)-

3. Embankments and cutting.—Fire positions in 'these {’.at.g:zfs e
easily made by cutting *“ 07’ znd ** T’ heads into tz:e_r‘b% s ree cC;_ﬂleI;
point to be remembered is that protection from tke back burst of sfeis
must.be provided zs skown on Plate 68,

D-beads should be 20 feer long, so that both entrances c2nnot ke

<
destroyed by one shell.

B

63. Blockhouwe.
1 inTs - £ fene
1. Blackhouses are smazll isolated buildings pr&g‘.rs:é for ’de _’ﬁfﬁ’
whick zre only suitable for cceupation if the e_nemf’: @g:'rr;z/zjc::ric:t% i
i 1 < i i 1o - n fraad BTI00E
Their chief use lies in the economical protectio “bridgr:s, o

. €col A ¥
wenerally and impaortant points in parcicular suce 2s
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pots, convoy meeting places,

masonty blockhonses witls
n India on the frontier and
poses

2 Senu permanent blochhouses are usnally made of a combination of
wood or carrugated iron nnd shingle in which a dwarf rubble wall or
kank of earth supports M N - pached
with hard shingle, loo roof 1+
composed of corrugates ng_sup-
ported on a wooden frame  sne e wuee rs paiinng upuerground and
protected by a truierse

A areular fire trench should be provided for the sentry, mnd o wire
entanglement constructed round the completed blackhouse proviston
must be made for the storage of water

3 Blockhouses can equally well be bmlt of dry stene w'\lhn% if
hable to be fired wmta from hulls near by, the roof should be made bulles
proof, 1f protection from weather only is required the roof may consist
of a tarpaghn or any other mntertn] available The shape of a block

gorme 15 rmaterial so long as 1t allows fire to bear mn the requisite
irections

64, Defeace o} buldings

1 Buildings exposed to artitlery fira are readily penetrated by shells
of hight, ealibre and may be destroyed by a comparatisely short bombard
ment Ut will, therefore <eldom he worth while ex;rendmg time and
matenial_on elaborate defen on such ldings, 1t wil!
vsually be preferable to hold outlving hedges, walls, etc, and to
strengthen the cellars for use as dug-outs (see Sec 28)

2 Buildings not exposed to artillery fire may be of great defensive
value The considerations stated in Sec 1, 4, are appheable  Prepara
tion for defence will irclude the following —

1 Clearing the ficld of fue this may include demolition of walls,
outlying buildiags ete but the debris must not afford cover
u Coffipletion of the defensible enclosure by barricading of doors
and ground floer windows Daors wanted for use require
sperial trevfment
m Construction of fire positions  Loopholing of doors, windows
and walls Provision of flankang fire, and bombing posts
w Construction of obattcles and strempthemng of evisting
bstack 11 to be p fied at night where

possible
v Improsenient of communications within the building
A for storing provisions and water

Vit Medieal and sanitary arrangements
Vi Fire fighting apphances
i Visual signalling arrangements

In addition, 1f the building 15 Jarge and strongly bult and of 1t ©
:eqmred to mabe a protracted %efence,g 2 small ponﬁm should besp  °
oriified ay » “keep”* to be held as a last resource
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3. Details of defence :—

i. Doors.—Doors not required for use should be securely barred and
bolted and may be strengthened by :—

(a) Strutting from the floor on the inside.
(b) The provision of stout battens or steel rails secured across
the frame.

To render bullet proof, steel plates may be fixed or floor
boards or_corrugated iron nailed across the inside of the
frame and the space filled in with shingle not less than 6
inches thick.

Loopholes may be constructed as required (Plate 72).

Doors required for use should be protected against sur-
prise assault and may be treated as in Plate 72, Fig. 2.

ii. TFindows may be protected by :—
(a) Loopholed steel shields fixed to the frames.
(b) Shingle between boards or corrugated iron.

(c) Sandbags filled with shingle.
Loopholes as required.

If the material used for the protection of upstair win-
dows brings an excessive weight on the floor, it may be
nece;sary to strengthen this by strutting from under-
neath.

If the window is required for bombing, a space should
be left at the top and should be covered with a bomb
screen made of light timber and X. P. M. (Plate 72,
Fig. 3). Otherwise, the protection should be carried the
full height.

iii, Loopholes are more easily constructed in windows and doors than
in existing walls; the latter may seriously weaken the build-
ing. They must be carefully sited and constructed to give
the necessary elevation and traverse of fire and at such a
height that they cannot be used from outside. The narrow
end should be on the outside. They should be_concealed as
far as possible and blocked when not in use. Loppholes re-
quired for bombing should slope slightly outwards and the
aperture should be sufficiently large for a bomb to pass
through with certainty. .

iv. Flanling fire can be arranged by building out stockades in front
of doors or windows. A roof of corrugated iron or X. P. M.
should be provided, sufficiently sloped to throw off bombs
(Plate 72, Fig. 5). ]

A similar structure can be built out of an upper window,
supported on beams securely anchored to the floor. ’

v. Obstacles.—In addition #o the obstacles described in Chapter
VII, it may be advisable to construct an entanglement close
up to the foot of the exterior walls, to prevent the placing
of explosive charges and to give additional protection against
a sudden assault on such vulnerable points as windows, doors,
ete. (Plate 72, Tig. 5).

65. Shell-hole and crater defences.

1. In heavily shelled ground the shell-holes can be quickly converted
into a hasty defensive position. These positions should be organized in
depth to afford material-support by flanking fire.

—
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1t 18 almost ympossible to conceal orgamzed shell holes from low fiying
geroplanes and they are easily detected in air photographs unless
covered by a circular screen as shown in Plite 187 and described 1n
fec 5 5 Appendix X

Orgamzed shell Holes can be concealed from ground cbservers if the
following 1nstructions are observed —
No fresh earth 1s to be thrown up

The Iip of a shell hole 1s not to be disturbed

Excavated earth 1s to be dumped 1n neighbouring shell holes 1f not
required for cover

Toutes to occupied shell holes are to be changed constantly
Connecting trenches must be narrow and camouflaged

Dramage of shell holes though a difficult problem 1s of vital 1m
portance  Small shell holes may be connected by drains to deeper holes
or 1t may only be possible to dig a sump 1n the bottom of each kole cover
ing 1t with a trench board (Plate 73 Figs 1 and 2)

In sodden ground fresh shell holes are drier and easier to work
than old ones but 1 drier soils the sides of old shell holes are more
settled and are free from gas

Where the shell holes are not waterlogged large deep omes can ba
selected and rapidly orgamized for defence Fire positions should be
made first either by cutting away the front face or 1f the soil 15 much
disintegrated by digging slits outwards  Labour 1s saved if the cutting
hme be taken about half way down the slope of the shell hole 2 deeper
cuh can ba made 1n & shorter time than 1f the forward edge of the shell
hole be taken as the cutting ine  If the firestep 1s to stand unrevetted
1t must be dug 1n the more solid earth beyond the radius of rupturse,
but revetting 1s necessary 1n any ground which has been subjected to
heavy shelling  In all work 1t 15 most 1mportant to avold undercutting,
unless the sal 1s properly supported

Later when further work 1s possible the position can be made

stronger either by digging out a T head 1n front or by ‘widening the
ﬁ;? g)nng position 1nto a small crescent-shaped trench (Plate 78 Figs &

e
1m pars

up, thus
. - B
“ % .y u oemu s a9t HUG PUSILIOD  LELAUS U1 4 LEWIs gun
emplacement are shown on Plate 5 &
Owing to difficultres of d and 12 tbe

ly,
n as

2 Defence ot craters —When two o
pposing forces settle d
position warfare 1t 1s possible that one or othegr of thsem m‘lal cg‘;x;;:g
igcm: ofIf( ‘fmters are dfurxéxed lttls 1mp}(:x-tant to occupy them at once,
e 1ncreased observation whiy
Posts on tho 1o, MTgased obs ch 1s usually obtamned frem

The ocoupation of these
posts should be pl
with the officer 1p charge of the mimng of the specatz?“l  consaliation

B
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Two schemes are shown on Plates 76, and 77, which indicate the
ature of the work required. Each post must be carefully protected
with wire (Plate 77); shelters must be provided for the men of the post
giving protection against rifle and hand grenades. .

_ The inside of the crater must be watched as well®as the outside of the
lip: this is done by observation tanncls (Plate 76). The posts on the
crater must be connected with the trench system by communication

tronches,

The construction of n crater position absorbs a large amount of labour,
espeecinlly in carrying parties, owing to the henvy material required to
onsure that the revetments shall effectively withstand the strains
brought about by the settling of the debris, Tt is usually impossible to
obtain good holding ground for anchorages, and frames consisting of
two uprights and a ground sill, or special deep ‘“ A’ frames (Plate 8)
must he nsed; pit props, 6 inches in diameter, are the most suitable

material,
66. DNefence against gas.

Defence against gas will be confined to rendering shelters, dug-outs
and cellars gas proof by means of specially desipned curtains and air

filters,

The entrances to all dug-outs, shelters and mine shafts within the
alert and ready zones should, if possible, be provided with gas-tight
doors or with curtains of anti-gas material, fitted so as to give a good
joint at the sides and hottom of the doorway, thus stopping all draughts.
I'f two curtnins are used with a space hetween them comp%ete protection
is obtained, and it is possible to enter or leave the dug-out without
introducing appreciable quantities of gas.

A frame of 4-inch by l-inch timber, coverod with anti-gas material,
is fixed flush with the wall, sloping outwards at an angle of 20° from
the verticnl. Anti-gas material is cut to the required size, so that when
fastened to the top of the frame it will close the entrance completely
with about 9 inches resting on the ground. Three pairs of laths are
nailed horizontally to the curtain to keep it stretched. The lath'on the
underside must be 1 foot shorter than the one on the front, so as to
clear the frame (Plate 158, Fig. 1). The lowest-of the laths should be
4 inches from the floor, Two curtains should he provided, as shown in
the diagrams. The frame for the inner curtain should slope inwards,
as shown on Plate 155. All wires and pipes must pass through the
frame, which may be widened on one side to allow of this, and the hole
through which they pass must be made gas-tight. They must not inter-
fere in any way with the adjustment of the curtain (Plate 158, Fig. 2).
The curtains should be not less than 3 feet apart, so as to allow a man
to stand between them and adjust one before raising the other. The
distance must be increased for dressing stations to allow stretcher cases
to be carried in.

Frames for gas curtains should be built into the entrances of pil-
boxes and other shelters while the entrances are in course of construc-
tion. Machine gun loopholes in pill-boxes should be lined with wood
on the inside edges, so that they may be closed with frames covered wit
anti-gas material. ~Openings in the sides or roofs of shelters and cellars
must be provided with curtains or closed with. sandbags, so that no gas

can enter. Care must be taken to provide means for closing ventilating

shafts and flues.
When not in use curtains must be kept rolled. (Plate 157, Fig. 1.)
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67 Coier for anti-awrcraft guns and searchlights

Experience has shown that anti awreraft defences ars hable to
repeated attacks by sireraft and they must therefore be provided with
stutabla protection

For the personnel shelters or dug outs as desertbed tn Chapter X1V
will he constructed _The lorries will be protected best by being run inte
a cutting w the bank of a suunken road

Plate 78 shovs 1 tvpe of emplacement for & 90 ¢ m or 120 ¢m antt
aireraft searchhght suitable for skew gear pipe control with telescope

68 Ield defences for artillery
i the jollo uing paragraphs are described only thase measures for
protecttor which apply exclusieely to the artdlery
1 Temporary battery positions —The construction of battery pos:
trons which re hkely to be occupied for o short tune only should amm at
protection for the gun detrchments from shell splinters while 1n action
and cover agmunst bombardment ( er Sec 53 2) Vith this object 1n
view sht trencl es should be constructed at once for the command post
snd gun detvchn ents wnd the earth throyvo ont from ike latter utilized
to form parapets round the guns
2 Battery positians n posthion warfare —Before any work 13 begun
the site must be camouflaged on o sufficient scale to concenl every indy
eation of work The position will he located if work 1s started before
the camoufiage 35 complete and time labour and material spent on
camouflage mﬁzsequently will be wasted The methods to be employed are
given 1 bec 7 Appendix X The cover should be ?rogressxve epend
ing on the time lahour and material svaiable from weather proof,
splmter proof, to shell proof
3 The command post and dug-out for the wireless operator must
alwags t1he precedence ot cover for the gun personnel and smmunition
A command post including the telephone can be accommodated 1n a
space 9 feet by 9 feet by 6 feet 6 mnches high (Plate 79) but a separate
cﬁamber for the telephone 1s a great advantage
1 conve uent position as regirds the battery s from 20 to 60 yards
1n rear and to one flank of 1t It should be provided with an entrance
:m the sheltered side and & prepared stand from which to megaphone to
e guns
Whea the batters 1s split up into sectrons each section commander
will require a stmilar post
Tte wireless chamber when provaded should be mted clear of the
batterv positionr with sepaiate inter-communication to it
4 Shelters for personnel —~The following instructions apply speaially
1o shelters for artillery personnel
Narther officers nor meun are to be accominodated en dloc i any dug
ous which 1s not shell proof
Bag-outs for cooks men off dutiy and spare telephomsts may be made
well clenr of the battery
Dug-outs near the gun must not lead direct 1nto 3 closed gun pit
owing 10 the risk of gas puisomng from the carbon monoxide pg::du%ei
during firmg
ter%ﬁngwuts near gun pits must be protected as described 1 Chap
5 Shelters for ammumtion Thera are no fi
- zed s1zes for amm
tion shelters and any available shelter can be used, provided that ';1’;1.“

2
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more than 50 large and 100 small shells are stored together in one shelter,
and that large quantities are divided up by traverses not less than 4 feet
thick. The important Pomt is that the cartridges, other than those of
fixed nmmunition, should he separate from the shell.

Recesses for 18-pr. ammunition may be made in the gun pit. These
can be made with wooden uprights and shelves made of angle iron
pickets. In the gun pit, not more than three shelves should be placed
in each recess, and not more than two layers of ammunition on each
shelf. The shells must be kept from contact with the ground. The
Tecesses must, therefore, be floored with planks, trench boards, brush-
wood, ete., and lined with canvas or boarding,.

A type of shelter for dry ground is shown on Plate 80. It should not
be constructed in the communication trench between guns.

Ammunition for field guns can also be stored in a trench as described
below for ammunition for medium and heavy. artillery. Ammunition is
not to be stored on the berm of a trench; this will make the sides
collapse. ’

Recesses for 60-pr., G-inch, 8-inch and 9-2-inch howitzer cartridges
may be made: —

i. In hanks. .
ii. In trenches speeially dug for them.

They must not he stored in the emplacements. Recesses in banks
should he made at 6 feet interval and only sufficiently deep to allow one
row of cartridge cylinders lying on their sides, or one row of metal-lined
cases the height depends on the number of cfmrges to be stored, which
may be as follows : —

In cylinders, 30 to 40 for each recess.

In metal-lined cases—not more than 60 charges for each recess;
according to the calibre of the gun or howitzer.

. Cartridges should be kept about 12 inches above the ground. If wood
is used for this purpose, it should be covered with tin or corrugated iron
as a precaution against fire, Cartridges must be screened from the
sun's rays.

If no bank is near the battery, the cartridge recesses must be made in
a similar manner along the sides of a trench. The trench must be deep
enough to allow a man to walk upright in it. Entrances must be pro-
vided at each end to ensure a through draught, and théy must be stepped.

The trench and recesses must be covered with a weather-proof roof,
and the trench must be drained. .
When cartridges are kept in metal-lined cases these should be laid on

their sides to prevent entry of damp and rain when the luting is removed
from the lid, and to facilitate the extraction of the cartridges.

A splinter-proof ammunition recess is shown on Plate-81. Shell-proof
protection for ammunition, if required, will be provided on the same
lines.as that for personnel described in Chapter XIV.

6. Gun emplacements may be classed as:—

i. Camouflaged emplacements without any protection.

ii. Camouflaged emplacements with splinter-proof protection.
iii. Camouflaged emplacement with shell-proof protection.

The last case requires special material and skilled labour, and is dealt
~with in Military Engineering, Vol. I1.
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The extent to which 1t 15 possible to sink a gun below ground level
depends on the nature of the ground and the mimmum range at which
the gun has to fire All emplacements must be made so that the gun
can be run in and out without difficulty Drainage must be provided
for (Sec 548)

Diagrams showing the minimum vertical and horizontal dimensions
of emplacements of various types of guns, etc , are shown on plate 82
These may be modified according to the traverse required

Embrasures and _entrances of emplacements can be protected by the
methods shown on Plate 83 The protection can be adjusted according
to the switch required A wooden framework hung of 9 inch by 3anch
timber, with s1x layers of wire netting nailed on in front and four layers
behind, will also prevent spl entering the emt e

The embrasures and entrances of covered gun pits and splinter proof
screens must be covered with light removable _screens to hde the
shadows which are mnvariably cast (see Appendix

Qrbmd = e £ 3 - and, 1f necessary shell proof cover,

wes of guns and howitzers For the

provided by using heavy steel joists

be built up 1 timber The work

nowever, entais considerable expenditure of time and mnterial and

with these larger pieces 1t 13 usually sufficent to provade splinter proof

protection on all sides  This should bhe done 1n the case of 2l emplace-
ments whenever possible

7 Reverberation —Gun pits constructed of corrugated steel shelters,
or any gun pit the roof and walls of which are curved, are much more
nowsy than rectangular pits

The gun, being along the centre hine of the curvature, 1s the centre
to which the sound returns after striking the sides The reverberation
whach 1s set up 15 to the gun d 3 and speaally to the
gun layers

Reverberation can be reduced by making the forward portion of the
pit curved and the rear rectangular

8 Platforms —A platform for any nature of gun pr howitzer consists
of two parts~—a support for the trail and a bed for the wheels The
former s the more 1mportant and worh should always be done on this
first Both are essemtial 1f prolonged firng 1s to be carried out from
the same position and for egmpments which do not carry their own
platforms, must be 1mprovised from the material available
9 Trail support —(See Plate 82 ) This should consist of two parts —

1 A“fixed support, which may be of concrete or pit props firmly

fixed with pickets It should be circular 1n shape so that the
thrust 13 always at right angi=s to the tangent to the curve
at the point of support

1 A cushion which may be formed of sandbags blankets, or sicks

stuffed with hay or straw
110 Wheekbed —This may be made of any of the following mate-
aly —
.

T
Natural earth
Rubble or brick well rammed
Wood
Conerete
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i. Natural earth, under the best conditions, will only stand ‘a limited
number of rounds, dependent on the nature and weight of the gun,

ii. Rubble or brick, well rammed, forms an excellent wheel-bed
(Plates 85 and 86). It should be at least 1 foot deep, and may be ex-
tended across the pit, or may be packed in wooden boxes to form a bed
for each wheel, if there is a difficulty in obtaining material.

ili, Wooden wheel-beds facilitate the man-handling of the gun, are

portable and can be put together quickly.

They should be made of sleepers of 9-inch by 3-inch planks, dogged
together not nailed (Plate 87).

Wheel guides may be added to keep the gun in its line of fire and
prevent ¢ frogging ' (Plate 87).

A simple form of wheel guide consists of the tyre of a gun or G.8.
wagon wheel, spiked to the platform. ‘

iv, Goncrete forms a good wheel-bed if time is available to allow it to
seb; it is useless unless well mixed. The concrete may be extended
across the pit or a separate bed for each wheel may be made.

Wicker or fascines are unsuitable as they cause erratic shooting and
are not desirable. ‘‘ Mats, gun, wheel ”’ answer the same purpose.

11. Details of platforms for the various natures:— .

i. Light artillery.—The cushion for the trail support may be fixed
with wire in the angle between the spade and trail-eye.

With the 18-pr. Mk. II equipment, if the length of time it is expected
to occupy the position justifies i, better results will be obtained if two
or three trail supports at varying heights are prepared for use at
different angles of elevation (Plate 85).

ii. Medium artillery:—

(a) 60-pr.—Pit props make a suitable trail support. As a temporary
measure, fascines laid under the trail in front of and behind the spade
are of great assistance in preventing the trail from burying itself.

If whole bricks are obtainable, they may be placed ‘on edge on a layer
of expanded metal with brick rubble on top. It is advisable to enclose
the whole in a wooden box held in place by pickets.

(b) 6-inch howitzer.—Brick rubble is the best trail support with a
fascine placed in the spade as a cushion, as the trail is liable to buckle if
the support is too firm. The rubble requires constantly replenishing.
In soft ground it may be necessary to place a baulk in the spade to
prevent the trail burying itself.

In wet ground a bed constructed of one layer of 9-inch by 3-inch
timber is necessary (Plate 88).

iii. Heavy artillery :—

(a) 8-in. howitzer.—Mark VI and upwards carry their own platform
but for the earlier marks of carriage a double-decked platferm of woo
is necessary.

(b) 9-2-inch howitzer.—This howitzer carries its own platform in the
form of firing beams, but in many cases this must be supplemented by a

bed of hard material.

1
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89, Screeminy

1 The prunarg aum of screemung 13 concelment from view m order
10 permit free and unobserved cireulation of traffic

Bereening may be earned out by means of —
1 Artificial screens

1 Notural sereeny
2 Artificial sereons are nage of —
1 Wire netting vwoven with grass, brushwood, or canvas strips
(Plhtoss, g 1)
1 Brushwood and trec hranches imterwoven on horzontal wires
stretched tightly between two uprights
. Camias or ceir, suspended on strongly braced poles

Of these, eanvas and coir do not stand the weather well and require
wore maintenance on this secount

3 Natural screens are made by supplementing the height or thich
ness of existing hedges, coyses or fringe of trees to render them more
effective without making the fact that they are screens conspicuons

A screen shouid be suffciently opaque te hida movement from any
but very close and continuous scrutiny The effiency of any scveen,
®xcept one ab ly opaque, 13 tafl d by the bachground com-
paratively transparent screen may be fully used in
with a ba and of hedges and frees, or if 1t 1s set obhquely to the
enemy's angle of view

In order to lide movement at ranges between 2,000 and 4,000 yards
Yhreeqnarters of the surface of the screen should he opaque Screens
may be esther plain or camouflaged

4 Plan scraens sre those which ate put up without any aden of dis-
gusing the foct that they are screens Newly erected screens slways
draw hre, but 1f the damage 12 cegularly repaired, tho attention pmd to
ihem rapadly dumimishes,

These screexs have been used with effoet as follows ~—

t. The act of scresmng an area or battery position before they
wona required drew fire from the enemy for & pertod dunng
whrh the screens were regularly reparred

& hen the screens were no longer shelled, they fulfilled the
fuzctions for which they were erectod without furtber inter-
forence

a2, To conceal & party working behind them .
. Tr:‘ draﬁv ﬁ‘:e while werk was being carried out at a distance to
N .

Although plain sereemang affords protection from view after the exeps:
has ceased to notice at, 2 careful reconnaissance of the area ta be screeneg
shotld always be made in order that full advantage may be taken of the
natural featares

& Camouflaged screens are made of canvas or ware neiting combined
with canves, brushwood, grass, etc, panted to reproduce m definite
locality anch us s brick wall ruin, hedge, etc , or & general landscape

hese should only be used en places where required for a t time

<

N
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because the paint does not stand the weather long and they require
constant watching and ecareful maintenance. :

The~e sereens have been used with effect as follows ; —

i. Imitation brick walls painted on canvas backed with wire netting
to screen a much-used thoroughfare (Plate 89, Figs. 3 and 4).
it. Tmitation hedges of a combination of raffia, canvas strips, and
brushwood, on wire netting were made to conceal a battery
position which would otherwise have been under direct observ-
ation. TIn thic cace an existing hedge which was too far back
to be uced was removed and the imitation hedge substituted
for it in front of the guns, ,

G. Jf an area occupied during the summer is likely to be occupied
during the winter months as well, the problem of screening should be
considered carly o that the loss of cover due to the leaves falling from
the trees may be made good with hrushwood beforehand, and no change
be noticrable in the lands<cape when the trees and hedges are bare.

7. Road screens.—Roads running perpendicular to the front line are
bost sereened by hanging vertical screens between trees or houses, or
poles, across the road (Plate 90, Fig. 1).

For roads running parallel to the front, short lengths of about 30
vards, placed in echelon and overlapping each other, are better than
Jong continuous lengths, This method permits of plenty of passage ways,
and limits damage by shell fire (Plate 20, Fic. 2).

Roads running obliquely to the front can be concealed by screens
facing the front, arranged in echelon (Plate 90, Fig. 3).

8. Flash screens.—Screens have been used successfully to hide gun
flashes at night from the front and from a flank.

In one case where the flashes of a hattery were visible from a flank,
gix small screens were erected, one about 4 yards to the right of the
snuzzle of each gun, and running out about 8 yards to the front. They
were about { feet high. They were dismantled during the day and
re-crected each night, in socketed holes.

70. Manufacture, erecfion and maintenance of screens.

1. Manufacture.—Screens should be made up in bays of 30 feet, with
supports 10 feet apart.

In order to localize the effect of shell fire, each longitudinal width of
wire netting should be suspended independently on a longitudinal wire
between the uprights.

The screens are made of strips of canvas interlaced in wire netting,.
The strips should be 2} inches wide. and threaded through every third
or fourth mesh vertically, leaving no horizontal mtegval. Opacity can
be considerably increased by the use of alternate vertical bands of plain
and dark-coloured canvas, each band being about a foot wide. There
<hould be a strong contrast between the plain and coloured canvas. Such
a screen is effective at ranges of a mile and upwards (Plate 89, Fig.,1).

Still better results can be obtained if the colour is arranged on the
vertical bands so ‘as to produce a chequered effect.

Irregularity of outline, if necessary, can be given by not commencing
the threading of every strip at the top of the wire netting, or by insert-
ipg a brushwood crown.
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PART II.—BRIDGING

CHAPTER X

KNOTTING AND LASHINGS
71. Knots.

The following are the most useful knots and their principal uses:—

Thumb knot and Figure of 8 knot (Plate 91, Tigs. 1 and 2).—To

make a stop on a rope, or to prevent the end from fraying, or to prevent
its slipping through a block. m fraying, or to prev.

Reef knot (Plate 91, Fig. 3).—To bend or join two dry ropes the
same size. h

. Single-sheet bend (Plate 91, Fig. 4).—To join two dry ropes of
different sizes.

.

Double-sheet bend (Plate 91, Fig. 5).—To join two ropes with great
security, or for wet ropes of different sizes.

Hawser bend (Plate 91, Fig. 6).—To join large cables.

Bowline and running bowline (Plate 91, Figs. 7 and 8).—To form a
loop or bight on a rope which will not slip. The loop formed by passing
lz;'o bllght through a bowline loop at the end of a rope is called & running

wline.

} Bowline on a bight.—To form 3 double loop in the middle of a rope—
+ made with the rope doubled (Plate 82, Fig. 7).

To secure ihe ends of ropes to spars, pickets, etc., or to other ropes,
the following hitches are used:—

Clove hitch (two half-hitches) (Plate 82, Figs. 1 and 2).—Generally
used for the commencement and finish of lashings.

Timber hitch (Plate 91, Fig. 9).—For holding timber, etc., where the
weight will keep the hitch taut.

Two half-hitches (Plate 92, Fig 3).—For making fast the running
end of a rope on to its standing part.

Round turn and two half-hitohes (Plate 92, Fig. 4).—Ifor belaying
(of making fast) a rope so that the strain on the rope shall not jam the
hitches. This will be used for making fast a rope to a bollard or anchor-
pge. Should the running end be inconveniently long, a bight of it
should be used to form the half-hitches. . ) )

Fisherman's bend (Plate 92, Fig. 5).—For making fast when there is
o give-and-take motion, e.g., for bending a cable to an anchor,

Lever hitch (Plate 92, Fig. 8).—For drawing pickets by a lever and
fulerum fixing the rounds of a rope ladder, fixing bars to drag-ropes, etc.
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‘Man harness futehs (Plate 82, Fig 8) —To form o loop on a drag rope
|2bxc§xdw111 not draw tight, the loop being of a size to pass over 8 mans
shoulder

Runming kaot (Plate 92, Fig 8) —~To form a loop which will draw
{aud round an objech

Catspaw (Plate 83, Fag 1), or,

Single Blackwail hitch (Plate 93, Fig 2) or,

kmuble Biackwall hitch (Plate 83, Fig 8) —Ta secure & rope to s
00!

« Draw Mich (Plate 93, Fiz 4) —To secure boni s puinter, ofc (0 a
post, ring or rope 8o that it can be wnstantle released  This kno wall
stand a give-and toke motion and can be instantly relensed by o jerk o1
the running en

Stopper hiteh (Plate 3, Fig 5) —~To transfer the stram of one rope
1o snother for use an gecasions when 1t 1s necessary ta shift the stramn off
a rope temporanly

Magnus hitch (Plate 93, ¥igs 1 and 2) ~To make fast to round
spars when muck friction 13 necessary to prevent shpping

Rotling huteh (Plate 94, Tig 3) ~To make fast a rope end round an
object, or secute a rope to a hook

2 Leshmngs

1 A rack lashing cousista of & &-foot }enﬂgth of S-mch rope with a
pomted stick ahout 15 1nehes long ot onme end It 18 used for fasteming
Jdown fibands at the edge of the roadway of bridges

2 Square lashing «—To lash one spar square across another, com

~ below (B) (Plate 53, Yug 4), and tmist

our turns reuund the spars, ag shown

. turns an one spar and mside on the

‘ o0ss turns are then taken the corners

01 109 1auMbEs Ve Y o wew on 10 ° during the process, fimsh of
with two balf hitehes round the most converzent spar R

Yyhen the spars are the leg aud transom of a trestle or frame, the

clore hitches should bo an the leg below the transom, snd the lashings

should be finished off on the transom outside the leg  When the spars

are leg and Jedger, the clove hitch should be on the leg above the ledger

3 Diagonal lashing —fo lash two gpars together that terd to spring
apart Beim with 1 tumber n TRALT ey
and draw them together then
and finigh with trapping turns
Yrhen the spars ace not horiz
abare the yunction

4 Wooden wedges with well blunted pomts are often wuseful i
tightemng Yashin, They are generally used by bul f 2
ang should be dr%:en m ayt the top of tyﬁe Inshxigsm Hders tn seaflolding,

5 Hemp-rope lashmgs soon become looss, a: .
making  Wirs Jashings should be used 1m t’lmx;'d * s



a6 [Chapter X. Sections 72 & 78.

These can be made in a similar way to hemp-rope lashings; but, unless
rtaples are available, the wire should be finished off round a set of
returns, and jammed between them and the timber. 1t is of little use
nttempting to finish off on o round spar. No. 14 pauge steel wire may
be taken to have a quarter the strength of 2-inch cordage.

6. To lash a block to a spar.—The back of the hook is Inid against
the spar, a clove hiteh is taken round the spar above the hook, then
reveral furns round the haek and spar, and finished off with two half-
hitches round the spar below the hoolk (Plate 88, Fig. 6).

-

7. To mouse the hook of a block take some turns round it with spun
yarn or very light lashing, commencing with a clove hitch on the back of
the hook and finishing off with one or two frapping turns and a reef
Lknot (Plate 84, Fig. 6). .

S. To seize the end of a rope to the standing part with spun yarn or
string, make a clove hitch round the standing part with the spun yarn
near its centre, taking cach part round both ropes in opposite direc-
tions, leaving one end long enough to make two frapping turns hetween
the ropes, and tie the two ends with a reef knot (Plate 93, Fig. 5).

9. To whip a rope is to tic a piece of twine round the end to prevent
it untwisting and fraying,

10. Fishing spars.—To fish spars is to strengthen them, by lashing
other spars parallel to them.

The fishing spars should be against the spar to he fished, so that they
niay take off as much strain and be in as close contact as possible, and
the lashings must be tightened with wedges. The ]ashing rope or ropes
having been made fast hy one end being laid along the spars, so as to be
covered by the returns, are then passed round and round all the spars
until, as 1t were, one spar is formed, the end being made fast by taking
the last four or five returns rather slack, the end then passed backwards
under them, the returns tightened up and the slack hauled through.

Several separate lashings may be applied instead of one continuous
one, s

73. Drag-ropes, slings, etc.

1. Drag-ropes for general service are of two natures, heavy, which
are of 3-inch white rope, 5 fathoms long, and light, of 2-inch white rope,
5§ feet 6 inches long.” A hook is spliced Into one end.

2. Slings are made of rope, wire or chain. Rope slings are made by
splicing the ends of a rope together, -

Rope slings are designated by their circumference in inches and by
© their length in feet when laid out straight and stretched.

In describing chain slings the size of link given is the diameter of
the iron of which it is made.

Chain slings are much heavier than rope slings of similar strength,
but they are more durable and free from stretch.

3. Selvages are issued for the purpose of slinging projectiles, but,
when passed round an object, form a convenient means of attachment
for the hooks of tackles: they should always be used on the double, and
are only suitable when the strein to be borne is small (Plate 84, Fig. 7).
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78 Holdfasts
1 The artificial holdfasts most frequently used are picket baulk,
anchor or burred holdfasts
2 A micket hotgfast consists of one or more pickets driven into the
ground (Plate 95 Fig
The usual comhnations of prcketsare 11 21 or 321
3 The safe stresses with 5-foot pichets driven 3 feet wto good ground
re —

S
Single picket 7 cwts
11 picket holdfast 14 ewis
21 1 ton
321 , 3 2 tons

In the case of the 11 pickets used with a bawlh holdfast sf spaced
A -~ ™ 2) each of the 11 prckets
with 6 mckets front and

rtained by plan or other
In driving pickets
arest the waght and at
are grouped thus —3 m
front then 2 4hen 1
The eyes of the pichets should be to the front Pickets should be
2 ngle between the Jashing and
e The stress should always
uod In lashing pschets fo
2ead of the front picket ana
- 3t to the larger so as to get
as possible  To prevent the
o may be applied round the
rear pichets above the lashing
5 In drawing all pickets care should be taben that they are drawn
<qut 1n the same line s that 1n which they have been driven otherwise
they may be hroken
6 A good method of drawing 5-foot pickets by using a stout 12 fooy
ar 14-foot pole as a lever 15 as follows —Place a support 11 rear of and
adjacent to the pickets to act as the fulcrum (see Sec 75) and the pole
against the pickets sa that one end rests on the support and the other
on the ground in front of the pickets
Pass n clove hutch on a soft drag rope round the lever and pickets,
take 1n the slack and pass the ends round the pickeis 1o opposite direc
tions two or three times twist them together ard hold on while the
lovel 15 hifted
7 A humber can be emploved 1 drawing mchets as follows ~Jt 18
run up with 1ts hook immediately 1n rear of the pickets to be drawn and
the pole rarced 4 clove hitch made wn the ceuntre of a dragrope 1
passed roand the picket or pichets low down  the ends are passed round
the hool 1n epposite directrons two or thres times twisted together and
eld on ta A collar of spun yarn round the gml\ez ~baove the clove
bitch heeps 1t from shpping up On the pole bemng pulled down the
picket 1s drawn

8 v o3 ™  ac W~ ® - owha made by driving a row
of pic i such a way that 1t
Years ond row of pickets im

media the pickets as shown
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A
the pickets should be at equal distances on either side of the centre of
the baullk, The baulk is inclined by sinking the rear edge, in order to
give a fair bearing against the pickets. Sufficient soil is removed to
allow of straps or ropes passing round the baulk.

9. When a buried log (Plate 95, I'ig. 8) is used for large strains, a
trench is dug long enough to hold the log, and the cable is given one
complete turn round it and passed up through a narrow incline con-
structed at right angles to the trench. The running end is then seized
to the standing part in two or three places. The slope of the cable or
guy should generally not he steeper than 1/3. The method of calcu-
fating the depth of the trench and the precautions to be talen when
using this anchorage are given in Military Engineerng, Vol, III.

10. The form of anchor mentioned in Sec. 60, 4, i, and shown on
Plate 66 makes a good holdfast, but its strength should be tested in the
actual ground in which it is to be used,

_ Should it be intended subsequently to recover the anchor, a trip
wire as shown in Plate 66, Fig. 2, should he added. To recover the
anchor, the stay wire is_ first slackened. and an iron rod or piece of
piping passed down the hole. Three or four smart blows are given to
the anchor so as to drive it back. This causes a cavity in the ground
above the flukes, and a subsequent pull on the trip wire causes the
flukes to re-enter the bore hole, and the anchor can he pulled out.

75. Levers.

1. A lever is a rigid bar capable of motion about a fixed point. The
bar may be straight, as a handspilfe, or hent, as a claw hammer used
to extract nails. .

2. The point about which the lever turns is called the ruLoruxm. The
distances from the fulerum to {he points of application of the power
and weight are called the lever and counterlever, respectively.

3. There are three orders of the lever.
TFfest order.—When the fulcrum is between the weight and the power.

& lever: x counterlever——m7m ——>
D S
P F W

The handle of a lift pump is an example of a lever of the first order.
Second order.—When the weight is between the fulcrum and the
power.
P
NS lever >F

}‘Vré counterlever> A

i
A wheelbarrow is an example of a lever of the second order.
Third order.—When the power is between the fulcrum and the

weight.,

P
' A& N counterlever S
Hee—- -———loVer——— N7 -

w
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The strength of cordage or steel wire rope when slung over hooks or
fastened by knots is appreciably reduced; the safe holding power in
such cases should be taken as two-thirds of the working stress.

7. The strength of wire varies greatly; as a very rough rule it may
be taken that the breaking weight in pounds equals three times the
weight per mile in pounds (Table 12, Appendix VII). This rule holds
good for iron and hard-drawn copper wire, while steel wire may be taken
as about twice as strong. A factor of safety of 4 must be used to find
the safe working stress. /

8. Strength of lashings.—The safe holding power of cordage lashings,
is four-fifths of the working stress of cordage multiplied by the number
of returns; with wire lashings, three-fifths of the safe stress of the
wires. These factors are to allow for unequal straining of the cordage
or wires.

Thus a square lashing gives four returns for each complete turn of
the lashing so that a square lashing of four complete turns of 13-inch
unselected hemp cordage has a strength of : — )

4 31\ 2
gx 16 % G =288 cwts.

9. Lashing a block to a spar.—In this case the strength of the
{ashing must first be reduced by four-fifths in the case of cordage or
three-fifths in the case of steel wire rope to allow for the unequal strain-
g of the turns and then by a further two-thirds to allow for the sharp
»nds round the hook. Thus the number of turns of 2-inch unselected
‘ciqrdéxg‘f Eeqmred to lash a block having a pull of 1 ton to a spar is 1 x 20

ivided by

4 9 . Iy )
EXgX 2x%2% or 5 complete turns.
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78. Tackles.

1. Varwous tackies are shown on Plato .86, The simplest form of
tackle is a whip—that is, a single movable block, rove with a rope, one
end of which is attached to n holdfast, while the other is hawled on
{Fig. 3).

When one tuckle is hent to another, the total mechanical power is
the product of the powers of the two tackles, e.g., if a tackle giving a
power of four to one is bent to a tackle giving a power of two to one,
the total power gained js cight to one—thus the whip upon whip tackls
{Fig. 2) gives n gain of four to one.

Theoretically in any system of two blocks the power required to raise
a weight, W, is W divided by the number of returns at the movable
block.  An addition has to ho made to overcome friction and resistance
of the ropes to hending. Suitable tackles for most operations reguired
in the ficld can be selected from Table 3, Appendix VIIL.

2. The fall, in lifting heavy weights, can rarely be worked by hand,
but has to he **led ' to cither a capstan or winch by which power is
gained and a steady pull ensured. .

3. Tn using tackles with sheers, gyns or derricks, the running end
of the fall should always be led through a *‘ leading block ** lashed, as
a rule, to one of the spars a few feet above the pround; a snatch block
is most convenient for the purpose. (Plate 98, Fig. 4.)

4. Any slip of the fall round the barrel of the capstan or winch,
called f surging,"” should be carefully guarded against, as it may in-
«crense the stress on the tackle and the spars as much as 50 per cent.
If the barrel is slippery, or if working to a close margin, extra turns
should be taken. Sand or grit should never be applied.

5. Steadying ropes or tackles should always be attached to the weight
to keep it from swinging when raised.

6. Before using a tackle it should be seen that:—

i. The straps, blocks and fall are in good condition. N

ii. The blocks are well lubricated and free from grit and dirt. No
block in good working order should ¢ complain,” that is,
make a noise, .

iii. The pins securing the hooks or shackles and sheaves of the
block are made fast.

iv. The standing end of the fall is properly made fast.

v. Thé fall is free from kinks, runs freely over the sheaves and has
a fair lead. Whenever possible the pull should be down hill.

‘7. During use it should be seen that:—

i, When the fall is taut it is not jarred by being struck or by men

treading on it.

ii. The returns near the blocks are not touched when moving unless
absolutely necessary, and then only those\ moving away from
the bleck, , ; ~ , ) \d

dii. The stoppering of the fall, when necessary, is correctly carrie
out, 41\)1}1d th:%t the stoppe’r is equal to the 'stress it will have to
bear. )

iv. The position of the men is such that they will not be injured in
the event of an accident.
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-standing derrick is vertical and the two struts are at right-angles'in
plan, and situated symmetrically with respect to the edge of the whatf."
Two guys can also be used, one over each strut in plan, but secured to
‘holdfasts "at the customary distance; or three guys can be used, one
a back guy and the other two side guys, but set back about 20° from
the edge of the wharf, to allow room for,the loads to be landed. Tt is
important that these guys should not stretch too much, so that the
upright spar may remain vertical. It is, therefore, better to make them
of wire rope, and in any case a tackle should be included ii them to
take up any slack. The stress in these guys is much greater than that
iin guys for a standing derrick to deal with the same weight.,

2. The jib is most conveniently formed of two spars lashed together
at their head, and separated at their butts to a distance about equal to
‘the diameter of the upright spar. They are lashed about 12 or 18 inches’
from their butts to a stout cross-piece, and the end thus formed encircles
the butt of the upright (Plate 97). The jib is supported by a length
-of chain secured at its centre by a clove hitch round the upright, and-
prevented from descending by a collar of rope, and each end secured .
to one_of the arms of the jib. The latter is enabled to swing under the
<control of two side guys or reins attached to its head. The length of the
Jjib may be of the same length as the upright. The inclination of the
Jib can be altered by the connecting tackle, and the radius of its circle
«of operation is thus determined, but the angle between the jib and the
upright should not exceed 75 degrees. The weight can be lifted or
Towered by the main tackle and the jib swung by the guys. The jib can
only be swung right over the edge of the wharf on that side of the
upright on which are the leading blocks of the main and connecting
tackles. Tf it is necessary to swing both ways, duplicate leading blocks
for the falls of these tackles must be provided. :

3. It should be noted that the weight must be allowed to hang verti-
cally from the head of the jib., If it is hauled towards the butt of the
standing spar, the thrust on the jib is greatly increased; if it is hauled
:aaway from this butt, the stresses in the back guy and connecting tackle
:are largely increased. If the weight has to be brought in otherwise than
by swinging to a flank, it should be done by raising the head of the jib
by means of the connecting tackle.

4. The number of men required to erect derricks to lift weights up
o 4 tons 1s from 20 to 25.

81. Sheers.

1. Sheers require only two guys—*‘ fore’’ and ‘‘ back.” They should
be fastened to (‘lbhe legs above the fork by clove hitches, the back guy
40 the fore spar, and vice versd, so that their action may tend to draw
the spars closer together and not strain the lashing (Plate 98iJ Tig. 2).
The minimum distance of the anchorages from the legs should be double
the height of the sheers. The upper block of the tackle is hooked to &
sling of rope or chain passed over the fork. Sheers can, as a rule, be
used for heavier weights than derricks, but can only move them in a
vertical plane passing between the legs. The feet of sheers must be
secured or let into holes in the ground. The distance apart of the legs
should not be more than one-third the length of the leg-up to_the fork,
and the sheers should not be heeled over more than one-third of their
height. .

2. In order to lash the legs they are laid side by side on a skid, and
Lept 2 inches'apart by a wedge. The lashing is commenced with a cloveo

Vo
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one spar, carried six or more times upwards round both spars
!:tt%:u:;lndmgp then two frapping turns and gmshed off with two half
ttches round the other spar (Plate 88, Fig 1)

82. Gyns

1 A gyn consists of three spars lashed together at the tips the butts
formng du equilateral triangle en the ground It requires no guys but
can only be used for a vertical Lift

2 Tn order to lash the legs, the spars are lmd on a skid, a clove
itch 15 made on one of the outside spars, and the lashing taken loosely
over and under_the three spars six or cight times frapping turns are
taken round thd lashing between cach pair of spars, finishing off with
two half hitches on the other outside spar (Plate 88, %‘lg k)

3 The two outstde spars (cheeks) are then crossed unti) the distance
between the butts equals half the length of the leg a ledger 1s lashed
across these two spars about 1 foot from the ground The gyn §s then
raised by using the centre spar as a “ prypole, * and the two remamng
Iedgers Iashed on

4 Many varseties of * servico ”’ gyns are availablo of these one of
the most useful 1s hnown as the gyn, triangle, light, to raise 23 tons
this gyn werghs 2 ewts , 15 made of steel and consists of two cheehs, 15
° T -1 w24 connected by o headbolt and

wwe loops at their lower ends
, the cheeks shonld be 8 feet
from the cheel

5 Points to be observed when working With gyns s—

1 The prypole 1s always consTdered to be the front

*
N nks The foot of the prypole should be eqmdistant from the feet of the
cheg]

ui Al three feet should be on the same leve] and properly supported

1, as sometimes happens, the prypole has to be lower than the feet of
the cheeks the maximum load put on the gyn mnst be considerably
reduced
1 The hi
or skadding

o t‘;.x e'.l‘he gg? :hm;ld be p&nced with ﬂi: hea
weight to be rased, except where a swinging hift 1s r
when the head of the gyn sbould be over s pomnt midway betw?g:l"the
Pponis at which the weight has to be piched up and lowered
¥1 A suspended weight can be hauled etraight towards th 3
of the cheeks or & th < the gym,
Dht e “a:-o gxﬁ:;k‘_ e prypale without risk of petting !.be &yn,
he gyn to capsize and
In 1o case should the )
Jolning the pr{gale and

eight of 11y can be tncreased by placing the feet on planks

d over the centre of gravit.
o

£de guys should be atta - S

down 10 prevent them nsing o
Vit Bef,

e & t!‘:;ec htefkl:g the weght, the foot of the prypole stould be

Vit A gyn should not be left stapdin,
any smooth surface, though ther Ro weight smpepany TCie: oF
securing the feet from sh;gnpmge. © may be no weight snepended, sathont
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83. Size of timber, tackles and ropcf for derricks, ete.

1. The design of derricks, sheors and gyns depends on the weight,
the height to which it is to be lifted and the stores available. The
Iength of the spars must ho sufficient to allow for the longth of slings
and for blocks becoming chock in addition to the height which the
m;n;:ht has to be lifted. A tackle when chock-s-blocle will occupy 4 or
5 fect,

In the case of derricks and sheers the distance from the base at
which the weight has to be picked up mny determine the height, since
this distnnce must not oxceed ‘ one-third '’ of the height.

2. The stresses in individunl members are best determined graphi-
cally, but as this is not always possible, Tables, 1, 2, 3 and 4 are given
in Appendix VIII, from which suitable spars, ropes and tackles ean be
selected.

3. Example.—d weight of 8 tons has to be lifted 6 feet and moved 3
feel horizontally,

Compare the principal stores required for doing this with sheers and
with a standing derrick.

The minimum height of either sheers or derrick to the point of
nttachment of the main tackle is 4 x3=12 feet. This will be sufficient
to raise the weight 6 feet allowing for tackle and slings. In both cases
the main lifting tackle is the snme, viz., two treble blocks with 13-inch
wire rope (Tuble 3).

For sher .3 the stresses are:—(Table 1).

In leg with leading blorx . 3x1:2=36 tons ... use 8% inch spar
(Table 2).
In other leg . . . 3x1=3 tons ... use 8-inch spar.

In wack guy . . . 3x-7=21 tons ... use one single and
one double block with 13-inch
wire rope (Table 3).

For a derrick the stresses are: —
In spar . . . . 3x2=6 tons .-, use 10-inch spar.
In back guy . . . . As for sheers.

tn other guys . . . . 8x '83= -3 tons .. 3-inch cordage
}_1)sed double will do (see Sec. 76,
)},

Nor.—From the tables square baulks and other systems of tackles
can readily be selected to suit the stores available.
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battle, and niso for the despatch of such super-heavy bridges as may be

neecessary,

5. Tt is normally the duty of the divisional engineers to construct:—

i, Light bridges for infantry and pack artillery in the attack.

ii. Medium bridges for the remainder of the divisional artillery and

divisionnl transport. . - ’

The enpincers of any formation may be required to construct heavy
or super-heavy bridges.

G. Approaches.—The construction of any bridge includes the
approxaches to and from it,

The approach roads to heavy bridges on the main routes of traffic of
an army require speeinl attention, and in some eases new approach roads
of considerable length may have to be built, to give access to bridges
\vhx;h may, necessarily, have to be sited at a distance from existing
roads,

New approaches and roads will usually have to be made to all pon-

toon bridges, and the time-involved may often exceed that required to

construet and Taunch the bridge itself.

t is essential, thercfore, that careful previous arrangements shall
have heen made in regard to labour, material and transport to ensure
the earliest use of the bridge. .

7. The following tactical principles affect the work of the engineers
in the passage of rivers:—

1. The initial crossing by infantry advanced parties should be
arranged to take place at many points simultaneously, and
usually well away from the known and marked favourable
crossings, which will almost certainly be covered by artillery
and mncl’une-gun fire.

ii. To enable infantry and pack artillery to cross a river in the
attack, the divisional engineers must provide one or more of
the following:—

(a) Improvised ferries.

(b) Improvised light bridges. .

(¢) Light bridges (or ferries) formed of the standard floats and

superstructure sent up from the base.

jii. When an adequate bridgehead has been secured, it will be neces-
sary to construct:—

(a) Medium floating bridges.

(b) One or more heavy floating bridges (if tanks accompany the

division),
to enable the divisional artillery and transport to follow up
and support the infantry.

These bridges should be constructed as near to the normal
road crossings as the river banks will permit, in order to
recuce cross-country haulage of trailers. .

iv. When large bodies of troops have to cross a river, separate
bridges will, whenever possible,- be provided for up and down
traffic, and road traffic circuits arranged accordingly so as to
avoid congestion at the bridges. .

v. The staff will arrange, when necessary, for forming-up places

" away from both banks of the river. That on the near bank

will be used for marshalling the traffic prior to crossing the’
river, and that on the far bank for assembling units after

the crossing. .
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8 It 1s_desirable that bridges formed of pontoon equipment should
be replaced by improvised or by steel bridges as soon as possible m
order to free the pontoon equipment for use elsewhere

Light bridge equipment used 1n the attack will be salved for re use,
and should be returned to the base when no further ymmediate use for
it 13 foreseen 1n order to reduce transport in the forward area

85 Forang a crossing

1 In the warfare of the future, especially when tanks are employed
there can be httle doubt that a more extended use will be made o
physical obstacles more particularly canals and rivers to hamper or
prevent the employment of tanks

Surprise 1s the essence of success in operations, involving the passage
of water obstacles, and therefore governs all prelinunary steps taken
Prior to the attack

The enemv 1 he points of crossing Al
prel minary concealed reconnaissance
part es must and cvery effort made to
deceive the es which are easily and
quickly brdg to cross on account of the

enemy s fire than wider and less easy ones
The sctual crossing will probably be carried out st might or under
cover of smoke screens  Some hght 15 essential and dawn or when the
moon 13 obscured by clouds are smtable times With tidal rivers the
tume of Iagh or low tide may be the ruling factor
2 The fime required for Ereparahon necessary to achieve success
wll vary but 1t 1s most unhl ely that more than a few hours will be
available 1n mobile warfare  a high state of traning 1n and knowledge
of bridg ng operations by all ranks 1s therefore essential
3 As far as time permits 1nformation must be obtained on the fol
lowing powntg —
N nt nature and slope of
. attacking troops on far
¢ positions for covering
width of any subsidiary
bridged and 1f a tidal
© 4lld 141 Ol LS Liue
11 Thus mformation will be obtained from large scale maps, aeroplane
Bhotographs both vertical and oblique and ground reconnaissance car
ied out at dawn end dusk
4 Forang the
for whtlﬁh theg mmnil;ox
8 passage 15
ko bridges and. wher
regard 49 the techmical requirements as represented by mis techmicat
Viser the engineer commander b bead 1
e offic hung each bridge wil
be detaris E;s ;:xsn[;onsnble for carrying and launching
It 13 essential that the for the d sites
$hould be carried out by officors of the assault ug troops accompanied
Y 21 engineer officer xty available

6 Sufficient f1me ties to get nt
should be allowed for covering parties to get into
Ltlh:" allotteq Posmonsm:n or‘zier that there should be no danger
<tection through the necessity for hurried movement
~
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Covering parties should be in position before the bridges are pushed
across. They should not rush to their positions simultaneously with the
bridge-carrying parties.

Should the covering party have to open fire to protect the launching
of the bridges and the passage of assaulting troops, it must open the
heaviest volume of fire possible. .

TFlanking and overhead fire from automatic guns will be of great
value. This fire should be supplemented by that of artillery to neutral-
ize those areas from which the enemy can bring direct fire to bear on
the crossings. . )

In addition. smoke may be of assistance in mystifying the defence as
to the exact points of crossing,. ! /

7. The method of crossing depends on the width and nature of the
channel. With narrow rivers and canals, assault bridges can be pushed
across. With wide rivers it may be advisable to send forward.a covering
party on rafts on a wide front just before Jaunching the assault bridges.
With large rivers and estuaries, ferries and armoured gun-boats may be
the only means of crossing.

The number of assault bridges depends on the width of the channel,
the material and labour available, and the tactical situation.

8. Tapes should be laid from the forming-up line to the crossings
beforehand, or, if the gap cannot be reached by the bridging parties,
unrolled as they advance. Tlluminated signs should be provided on the
forming-up line by night: lights in petrol tins, pierced with small holes
are suitable as they cannot be seen from aeropﬁanes.

9. The leading troops detailed to cross the assault bridges (unless the
carrying party is detailed for this duty) should remain under cover unti
the hridges are secured on the far bank and ready for crossing. They
should then cross as rapidly as possible.

Under no circumstances should the assaulting troops follow the
bridge-carrying party so closely that they have to halt on the bank and
wait for the bridge to be launched. )

10. It must be remembered that darkness greatly increases the diffi-
culty of bridging operations, and also the time which must be allowed
for preliminary reconnaissance and selection of bridging sites. .

11. The importance of traffic control cannot be ovgr-emphasmed.
During assault bridging operations, congestion is very liahle to occur,
especially on the near bank,

In order to avoid congestion, a careful system of control posts and
connecting files is necessary, so as to ensure that the forward movement
of troops can be properly regulated and, if necessary, stopped altogether
should the situation at the bridges demand it.

One infantry officer will be detailed for each assault bridge to ensfure
that troops do not bunch in the immediate vicinity of the bridges before
crossing, ) .

The officer commanding the engineers should arrange for all engmesr
personnel except 2 minimum maintenance party (see para. 13 below), to
clear away from the bridges as soon as they have been launched..

In addition to the actual control by an officer of each body of mfgnt(liy
moving up to the bridges, a staff officer will be detailed for each brigade
series of crossings to control the advance of units towards the brfdges.

12. Arrangements must be made so that in the event of failure tg
launch a bridge, or its destruction by fire, it will be possible to dl‘:egn
the troops detailed'to that bridge to other bridges which have be

successfully launched. ;
B /
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ii. An allowance for ‘‘splay ”” when the piers are trestles with
splayed legs; this splay equals 1 inch in 6 feet along the
length of the itrestle leg. .

iii. An allowance for soft bed, if the bottom is muddy; a trestle, in
soft mud, providing ‘‘ shoes ’* (see Sec. 90, 4) have been fixed,
will not sink more than 12 inches. If the bottom is very
uneven a section for each side of a trestle bridge will be
required.

87. General description of bridges.

1. Types of bridges.—Bridges, of whatever nature, may be divided
into four types:— .
i. Single span bridges.
ii. Non-floating type.—Bridges with intermediate fixed piers, such
as trestles, crib piers, piles, ete.
iii. Floating type.—Bridges with intermediate floating piers, such
as barrel piers, log piers, boats, etc. ,

iv. A combination of ii and iii.

2. Parts of a birdge.—A bridge consists of a roadway carried over an
obstacle, or, as it is called, a gap, and_with, where necessary, one or
more intermediate supports, called piers, The gap may be wet or dl"?r
The distance between any two piers is called a *span ”” or a * ba;g 4
the length of a bridge from shore to shore is called the ¢ total span.

The parts of a bridge described in the following paragraphs are those
of a ““light >’ bridge. Medium and heavy bridges are dealt with in
Military Engineering, Vol. II1.

3. The roadway (Plate 99, Fig. 2) consists of decking carried on
roadbearers or baulks, which rest on transoms (the top beams of the
piers): the decking is held down by ribands or wheel-guides.

The normal width of roadway in the clear between ribands is 9 feet.

The roadway is generally constructed with a slight rise towards bllle
centre of the bridge to get loads on to the bridge quietly and easily
and to assist traffic off the bridge; this is technically called the cambeli;
and is obtained by giving a rise of 1 in 30 for about 30 feet from eac
end of a bridge.

4. Decking should consist of planks 8 inches thick, but 2-inch hard
wood (beech) road slabs may be used if available, In all decking ?hslll‘e
should be i-inch spaces between the planks to allow for drainage; ‘z
planks are nailed to the outer roadbearers. The decking should ]1?10
project more than a few inches beyond the outer roadbearers. Xor
horse traffic, straw, rushes, etc., must be laid on the decking. Ba.tten:
or earth must not be used; the former are easily knocked off and leavd
nails which lame horses, while the latter becomes very slippery an
blocks drainage.

5. Roadbearers may consist of timber in scantling, round logs rolled
steel joists, rails, etc. The number and size of the roadbearers for any
span may be obtained from Table 5, Appendix VIII.

. N 'f

Roadbearers are spaced evehly over the width of the roadway; 1

they differ in strengt;hlj the strongest should be placed beneath tfe. whtee;

tracks. The outer roadbearers should be spaced 9 feet apar 11;1 e

clear. In many bridges the roadbearers of adjoining bays ovfgf z?the
the transom ; they should therefore be from 2 to 8 feet longer tha

\
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wseful for fastening horizontal timbers to the top nnd bottom of upright
mnl.wr\..I Holes shghtly smaller than the boﬁs should be bored to
receive ttom,

10. On the completion of the bridge the officer in charge of the-
construction is responsible that :—

i. The bridpe is strong enough for the loads which it is intended to
carry. .

1. Conspicuous notice boards are erected at cither end of the
bridpos stating what foads the bridge will tnke; these motice
boards musy he supplemented by similar notice boards suff-
ciently far boek on the roads leading to the bridge to allow of
traflic, too heavy for the crossing, being directed elsewhere.
Arrangements must be made to illuminate the boards at
night. ** Break step ”’ notice boards must nlso be erected at
either end of the bridge.

iti. A maintenance party of ndequate size is left to maintain the
bridee. This party will improve the bridge, maintain the
spproaches, and police the traffic pending the sarrrival of
military police, e will ensure that this party knows how
to communicate with him, and that it is not withdrawn
without definite orders from the higher command.

iv. Muterial is available on the spot for repnirs, that arrangements
have been made to bring up such materinl, or that the main-
tenance party knows where to obtain it. :

11. Gauges.—Whenever there is water in the gap, a clearly marked’
ﬁnugo must be established, so that any rise or fall of water may be
detected.

88. Light bridges—infantry footbridges.

1. Infantry foothridges may be extemporized from planks with or
without ntermediate supports, but it is best to provide light portable
bridges made up either as single spans or, if more than one span is re-
quired, in twa parts—a) the roadway section; (b) the pier section.

Il there are *“n” piers, there will be ‘“n-+1" roadway sections.
Such a bridge must be designed so that it or any one of its component
parts can be carried by not more than four men over 1,000 yards of
rough country in the dark without undue exertion, and that it is simple
to assemble, or put together.

2. Single-span infantry bridges.—The simplest form is a plank: a
Q-inch by 2-inch plank, 10 feet long, will take two armed men at a time
over a gap 8 feet wide. Two planks should be fplacc;d side by side to
give a roadway of 18 inches. Ior gaps 8 to 15 feet in the clear, some
sort of trusced beam or a iight plank footbridge is necessary. Plate 183
shows at trussed beam footbridge, but bridges of this type must _onlyh e
used over the exact span for which they are designed, as otherwise they
become distorted and dangerous.

A light plank footbridge may be constructed as shown 1n Plate 104.
The !'Of%d—bg)ﬂrers are prevented from falling over sideways by t‘é'g tul:;:
of hoop-iron or twisted wire wound over and under alternate roa e;;‘ul
and sceurely nailed to their upper or lower sides. The roadwayﬁ to
be covered with wire netting or grillage. Great care must be tutgﬂe 0
get a level bearing surface for the shore ends, or the bridge may
tilt, and quickly become useless. See also Plate 110, Fig. 2.
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8 Infantry bridges with fixed piers —The piers may be [fight two-
legged or four legged trestles or hight piles "These bridges haye the
following disadvantages —the trestles are diffienlt to hnm%le and place
18 the dark, and, when previous reconnajssance 1s traposstble, the adjust~
ment of the trancoms takes tume, they are very hable to distortion when
the weight comes on them The construction of hight-pile piers mvolves
considerable time and moise

4 Infantry bridges with floating piers are the best method of crossing
streams over 14 feet in breadth A standard type with Kapok floats 18
made for use n the field (Plate 105) I this bridging eqmpment 138 not
available, amprovised bridges can be made with petrol tins or cork slaps
If the standard metal fittings of the Kapok bridge equpment are avail
able, an 1mprovised bridge built np with petrol tms can be made as
shown in Plate 106

Plate 107 shows an alternative method in which the standard metal
fasterungs are not used

11 properly constructed, thede bridges are stable, and a level roadway
15 ensured, they can be placed in position sn s very few minutes by
traimed personnel

The roadway consists of special hight trenchbeards with bearera
:txrr:x;\l;gei 5o 28 to interlock on the saddle of the float, and be pinned
\nge T

To give lateral rigidity so that the bridge can be boomed out rapidly
ac¢ross a river with g current, wire ties may be fastened from the end of
the piers to the centre of the trenchboards om erther side Two men
should be on the front end of the bridge, on reachung the far bank they
will day the shore bay and securp the mooring rope Vhere there 13
hittle current one mooring rope passed through the rings on the ends of
the piers, and made fast to_pickets on each bank, may suffice to hold
the bridge in place, but additional moonng ropes, or anchors, will be
needed where there is much current

Cashs or planh feotbridges (Plate 108) may often be useful, but take
rather longer to construct

‘the catamaran bridge (Plate 111) 1s snother useful type of s hight
foot brrdge

5 Approsimate weights of component parts of <ome of the bridges
descrabed above, are as follows —- '
Ibs

1 Trussed beam bridge 10 feet long (Plate 103) v
1 Petrol tin pier with saddle (Plate 107)
. Bapok pier with saddle (Plate

17 Pier of cask foothridge (Plate t
v Pier of single cask footbridge

89 Iught bre

1 Small gaps may be filled 1n (Sec
bearers <elected according to the
across the gap, resting on banhseats
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useful for fastening horizontal timbers to the top and bottom of upright
timbers. Holes slightly smaller than the bolts should be bored to
receive them.

10. On the completion of the bridge the officer in charge of the-
consiruction is responsible that:—

1. The bridge is strong enough for the loads which it is intended to
carry, . .

ii. Conspicuous notice boards are erected at either end of the
bridge stating what loads the bridge will take; these notice
bhoards must be supplemented by similar notice boards sufi-
ciently far back on the roads leading to the bridge to allow of
traffic, too heavy for the crossing, being directed elsewhere.
Arrangements must be made to illuminate the boards at
night. ¢ Break step ”’ notice boards must also 'be erected at
either end of the bridge.

iii. A maintenance party of adequate size is left to maintain the
bridge. This party will improve the bridge, maintain the
approaches, and police the traffic pending the drrrival of
military police. He will ensure that this party knows how
to communicate with him, and that it is not withdrawn
without definite orders from the higher command.

iv. Madterial is available on the spot for repairs, that arrangements
have been made to bring up such material, or that the main-
tenance party knows where to obtain it.

11. Gauges.—Whenever there is water in the gap, a clearly marked
gauge must be established, so that any rise or fall of water may be
detected.

-

A

88. Light bridges—infantry footbridges.

4

1. Infantry footbridges may be extemporized from_ planks with or
without intermediate supports, but it is best to provide light portable
bridges made up either as single spans or, if more than one span is re-
quired, in two parts—(a) the roadway section; (b) the pier section.

If there are ‘“n’’ piers, there will be ‘“ n-+1' roadway sections.
Such a bridge must be designed so that it or any one of its component
parts can be carried by not more than four men over 1,000 yards of
rough country in the dark without undue exertion, and that it is simple
to assemble, or put together.

2. Single-span infantry bridges,—The simplest form is a plank: 2
9-inch by 2-inch plank, 10 feet long, will take two armed men at %dtmée
over a gap 8 feet wide. Two planks should be placed side by side t0
give a roadway of 18 inches. Tor gaps 8 to 15 feet in the clear, somg
sort of trussed beam or a light plank footbridge is necessary. Plate 1g
shows a trussed beam footbridge, but bridges of this type must ‘only e
used over the exact span for which they are designed, as otherwise they
become distorted and dangerous.

A light plank footbridge may be constructed as shown 1n Platet 10::;
The road-bearers are prevented from falling over sideways by t\z% grs
of hoop-iron or twisted wire wound over and under alternate roa e}foul
and securely nailed to their upper or lower sides. The roadway s oue
be covered with wire netting or grillage. Great care must be tat :ke p
get a level bearing surface for .the shore ends, or the bridge may
tilt, and quickly become useless. See also Plate 110, Fig. 2.



shapter XII,  Seotions 83 & 89 } ]

3 Infantey hridges with hxed prers ~The piers mav ha T ©
Iefged or four legged trestles or 3t
il

folpmme 12

1
‘

. o' "a Lary urioges with foating prere .
streams over 14 feet 1t breadth A st
wade for use in the field (Plate 105) o
araitble 1mprovised bridges can be ma w prnos nns or cork slaps
If the standard metal fittings of the hapok b\-uf a equipment are avall

shle anp wmprovised bridge bwlt up with petrol tins can be made B3
shown 1 Plate 106

Plate 107 shaws an _alternative method 1 which the standard metal
fastenings are not use

Tt properly constructed these bridges are stable and o level rosdway

is ensured they <tn be placed in position n o very few munutes by
traned personuel

The roadway consiste of specant light trenchboards with bearers
sna:xhged 50 s to mterlock on the saddle of the flost and be pinned
_Yogether

Towo ot

omed out raptdly
BLross - from tho end of
the pie vavs LUBIGS on erther side  Two men
should

» u iront end of the bridge, on reaching the far bank the
will Iay the shore hay and secure the mooring rope Vthere there is
htile current one mooring rope iassed through the rings on the onds of
the piers, snd made fast to pickets on each bank, may suflice to hold
the bridge in place but sdditional meoring ropes, ov snchors will be
needed where there 1s much current

Cashs or plank foothridges (Plate 108) may often ba useful, but toke
rather longer 10 construcy

‘ihe catamoran bridge (Plate 111) 19 anothe ful
oot g2 ) other useful typs of & light
5 Approxumate weights of componont
described abose are as follows — ponont patts of some of the bridges
v

Iby

1 Trussed beam bridge 10 feet long (Plate 183) 50

tt Petral fin grar wath eeddle (Rlate 0%y 1o
- Kapok pier with saddlo (Plate f05) 8O
v Pier of eask footbridge (Plate 108) + 350
v Pier of singlo cadh foatbridge (Plate 111) 220

88 Laght bridges—mnpld apan

1 Bwall gaps may be filled sn (See 109, 7) or brady
bearers <elected according o the span fr'an)x Tnbﬂd%OdA‘gpleﬁi'ﬁg\r'%%
across the gap, resting on bonksoats and supporting 2anch decking ’
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2, '* Artillery " bridges are portable bridges, consisting of two longi-
-tudinal sections of rondway, designed to enable a batbery to cross a small
fap (Plate 108). They are not intended for continuous traffic.

3. Cantilever and suspension bridges.—When the gap cannot be
spanned by the above mothods, amd neither a trestle bridge nor a floating
bridge can bo used (as in crossing a ravine with decp precipitous sides),
recourso must be had to & cantilever (Plate 112) or suspension bridge.
It will only be on rare occasions that such bridges will be required,
Both forms of bridge take a'longer time to construct than either floating
-or t1estle bridges.

" Details of suspension bridges are given in Chapter VII, Military
Engineering, Vol, IT1.

80. Light bridges—non-floating type.

1. Fixed piers may be made of an infinite variety of materials, e.g.,
‘brushwood cylinders, or wooden crates, filled with stones, carts, etc:, but
the material most likely to be available is timber ; this may be used in
the form of crib piers or trestles.

2. Crib piers,—When timber is plentiful, crib work (Plate 108) is
useful and speedy up to a height of 4 feet; if sleepers are available and
-close at hand, piers up to 7 or 8 feet are economical in time. In water,
a tray should be formed in the bottom of the cribs and filled with stones.
These piers, if necessary, can be floated into position and sunk by
loading the trays, but if the bottom proves to be very uneven it will be
-dificult to keep the piers vertical. TFigs. 4 and 5 on Plate 108 show a
-crib causeway, which was constructed during the Great War, to enable
tanks to cross a small river. As all the structure was below water level,
'bhedexistence of the bridge was concealed from the enemy before 1t was
-used.

3. Trestles are the most useful form of fixed piers. The best are
-thoge which are framed together with the transom resting on-the hea !
of the legs. When using squared timber all joints should be flush
-tenons, notches, etc., are unnecessary and detract from the strength o

the timber,

A framed trestle is shown on Plate 100 suitable for bays, of light
bridge up to 15 feet and for a height of trestle up to 12 feet. It Welglis
:about 12 cwts. and is easily handled. It can be used for height of trestle
up to 15 feet by using four 6-inch by 6-inch legs evenly spaced, or three
Jegs 7-inch by 7-inch. A similar trestle can be made out of round spars
‘but in this case the timber must be notched to get a bearing surfacel_an
:8-inch round spars must take the place of the 6-inch by 6-inch scantlings
<vith 4-inch braces, and the trestle will be somewhat heavier.

A plank trestle can be made of similar type as shown on Plate 101.
In thig case all the joints are nailed and the legs are hollow, but are
macked solid where the braces are nailed to them. The_planks formm.g
-the legs are nailed together and should be bound with hoop 1ronf (iye;lsg
3 feet. A trestle of the dimensions shown is suitable for bays of lig
bridges up to 15-foot span and for a height of trestle up to 12 feet.

med trestles require a level foundation and the height of transom
»canlr:gtz,l be readily adjusted when the trestle is in p/lace.
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.

i, By forming up, i.r., when material is continually added to the
!u\nd of the bridge, the tail being stationary. This method
is uninfluenced by the nature of the banks<, no men being
required to work in the water, Tts only drawback is the
distance the roadway materials have to be carried.

iti. By rafting, i, when the bridege is put together “in different
portione, or rafts, along the shore, each raft consisting of
two or ore piers, and these raflts are suecessively warped,
rowed or towed into their proper positions in the bridge.

Thi< method has the advantage that a Iirge number of men
ean bhe employed cimultanconsly, and, if socrecy be an object,
the various portions ean he comstructed at some distance from
the m'nnhmf site of the bridge, and a favourable opportunity
sotzed for its conctruction,

iv. By swinging, i r., when the entire bridge is constructed along-
shore, and then swung neress with the stream.

A long bridge ean be constructed by a combimation of twe or more
of the above methods,

3. The bridge ends to floating bridges reguire careful consideartion.
In tidnl rivers, and in non-tidaf rivers, when the effects of droughts and
floods may ecance considerable varintions in level, much ingenuity, time
and labour are required in order that the bridge may be available’at all
times for trafiic ilitary Enginering, Vel, TT1),

A floating pier should not be allowed to ground, ns it will be liable
to be erushed when a load comes upon it. I it has to ground, it must
be built of large harrels and the hottom levelled, or a cradle made of

reeds, brushwood or wneks of earth,

4. Anchors.—As a rule, there should be an up-stream and down-
stream anchor to every sccond pier of a flonting bridge: in tactical
operations under fire there must be un up-stream anchor to every pier.

Yor ordinary briudge work 56-1b. anchors, with a reserve of 112-1b.
anchors, will generally suffice for moderate streams. The following
substitutes may be employed : —Two or more pick-axes lashed tomether;
heavy weights, such as large stones or rails (the Iatter arve best when

hent) (see Plate 119).

The eables are generally of 3-inch cordage. The length of cable
“out ! <hondd be ten timee the depth of the stream. and rarely less
than 30 yards. The eable is attached to the ring of the anchor by &
fischerman's hend; a buoy should be attached to the anchor by a buoy
line of I-inch rope to mark its position, and to serve as a means o
tripping it. Oue end of the buoy line is fastened to a ring of the buoy
by a ficherman’s bend, and the other round the crown of the anchor
with a clove hitch split by the shank, and tweo half-hitches round the

shank,

In the absence of anchors, or in a very rapid current, when the
anchors are liable to drag or to pull the piers down by the head, 2
hawser (preferably wire rope) buoyed with floats can be stretched across
the river (provided its width does not exceed 100 yards). and its ends
secured to anchorages on each bank at a_distance up-stream of about
one-fourth the span: cables from the bridge piers are then secured to
it. The danger of using this method under fire is that one shot may

destroy the bridge.
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cross and diagonal pieces of timber fastened by spikes; a central raised
transom must be used. The up-stream end of the pier may, with ad-
vantage, be slightly convex. Such piers are most easily put together
and manipulated in the water,

82. Rafts.

(For buoyancy see Sec. 84).

1. When there is insufficient material for the construction of a bridge,
or when it is only necessary to establish a ferry, rafts may be used,
constructed of bridging equipment, of barrels, hoats, logs, empty tins,
planks or, as a very temporary measure, of waterproof material, such
as tarpnuzlins or ground sheets, stuffed with straw, heather, ferns, etc.
Cork floats are useful when the ferry may be subjected to heavy shell
fire, but such floats are heavy to handle. Rafts may be towed, rowed,
poled, hauled backwards and forwards across the gap by means of ropes,
or, when there is a good current, utilized as ‘“ flying bridges ”* (sce
para. 8 below). Tree rafts are generally most easily moved by towing;
rafts with horses and vehicles cannot be rowed or poled, except under
most favourable circumstances.

2. Rafts consist normally of two piers connected by baulks on which
the decking is laid; the length of each pier must be twice the width of
the platform of the raft. Three-pier rafts, when loaded, are unmanage-
able in n stream and are not recommended. When loading a raft with
infantry, the men should sit down on the edge of the raft as close as
possible, and then the central part of the raft should be loaded.

1f the raft consists of one pier only (such rafts may be constructed
of barrels or logs) the central quarter only of the platform should be
loaded.

3. Rafts of two or more piers are merely segtions of a floating bridge;
for the construction of barrel, boat or log piers, see Sec. 91, 7 to 10;
the decking is constructed in exactly the same way as a roadway; the
lashings must be constantly watched.

4. Log rafts consist of one pier only; and are made in the same way
as log piers in a bridge.

5. The deck space required for rafts may be estimated from the
following dimensions:—

Length. Width,

ft. ins. ft. ins.
Armed man, sitting . . . 3 6 2 38
Horse, harnessed . . . 8 0 4 0
18-pr. gun . . . . . 14 6 6 3
18-pr. limber . . . . 5 9* 6 3
G. S. wagon . . . . 13 9 6 1

6. When animals are carried, hand rails must be provided, and
screens are always desirable, but may have to be dispensed with in a
wind.

7. Landing stages.—Planks should be carried to enable men to_get
ashore from the raft; when animals and vehicles are carried, landing

piers and landing gangways are mnecessary; landing piers are usually

* Exclusive of pole.
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feet by 12 feet by 3 feet 6 inches. Tn such a raft the buoyancy is greatly
In excess of that actually required to carry the load, but this is necessary
owing to the kind of material employed and the short length of the

lers. With good tarpaulins the buoyancy will remain good for ot
east eight hours.

The stores required are:—

Tarpaulins . . . . . . . . 4

Straw (tons) . . . . . . . . 13
Planks . . . . . . . . 16

Spars (average 4 inches diameter), four 16 feet,

four 14 feet, and two 12 feet | . . . 10
Lashings, i-inch, about 3 fms. long . . .40
Do. 1i-inch, about 6 fms. long . . . 16
Ropes, 2-inch. length according to width of river . 2
Punting poles . . . . . . . 2

10. Smaller rafts can be made in a similar manner by stuffing ground
sheets with straw and placing them in a frame; 24 of these made into
a raft will support a load of 1,800 pounds (Plate 117, Figs. 3 and 4).

11. An extemporized boat made of a bivouac sheet stretched over
timber framing is shown on Plate 118.

-

93. I'ords.
1. A ford, to be passable, should not exceed the following depths:~—
For cavalry . . . . . . 4 feet.
Ifor infantry . . . . . 3 feet.
Tor tractors ond light field artillery . 2 feet 6 inches.
Yor lorries . . . . . . 2 feet.
For motor cars . . . . . 1 foot 6 inches.
For caterpillars . . . . . 4 feet.
For motor cyclists . . . . 1 foot.

2. The positions of fords are usually indicated on maps. They are
often found just below weirs. The local inhabitant is the hest source
of information. A river which is not fordable straight across may some-
%t_nes2be found passable between two bends as at A, B, Plate 115,

ig. 2.

3. The approaches to a ford break down rapidly under continuous
traffic, owing to the drip from men, horses and vehicles. They shoul
be ‘ corduroyed,” the ‘‘ pull out ’ side being done first, and ditched
for 100 yards on either bank; the corduroy must be carried well into the

water.
4. A ford with a sandy bottom is likely to become heavy. The bottom

of a ford must be carefully examined before use, all holes being filled
with stones or other hard material. Large stones and any obstacles to
traffic must be removed.

5. For dry or fordable gaps, no provision is necessary for infantry,
excepb in the case where the sides of the gap are precipitous, when
provision must be made for ropes, knotted every 3 feet, with screw
pickets to act as holdfasts, and ladders. Every endeavour should, hOWE
ever, be made to bridge a fordable‘stream on the immediate front o
the attacking troops, in order to start the men dry.

N
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Mazimum loads on rafts due to horse and light (horse-dmwn) artillery
and G. S. wagons.

] D
Weightin | %
tons fully | S
loaded. + . 3 @
2 = = o 2
Vehicle. E 2|8 ||k
5 pEly @ & B = £ k]
Lo =3 = je=} — =
\ 222588 512 E | % |2
= Pl B o= > > i
1S |3 |EBE|E
|
ft in, ft. in.ft. in, ft. in} in.
Equnipments—
Q.-F, 13-pr., Mark I. carriage .| 66| 10019113 6 34 8|5 8| 3
Mark II. ammunition wagon and .
. . 80 857 36 3|5 05 3 3

Jmber for above

Q.-F 1f-pr., Mark V. carriage* .
with Mark III. limber . .| 71 {1353 12116 8|4 95 6| 3

Mark II ammunition wagon and . . .
- limber for above . . .{ 95| 9|7 4368|5215 31 3

“F. 4'5.in. howitzer, I
e n. howitzer, Mark e | 134110 o3 6 335 9|5 3] 3

carrage .
Mark I. ammunition wagon and .
limber for above . | 80| 1228 iy 6 341145 3f 3
Wagon, G. 8§ . ] . {1854y 160{%7 116 4|61L {5 38|
B Overall
2.2 width
s m
G2 = 5
wEE 2|3
o3| & 200 .
55 3 | E | &
t0'n 3 a -] g
s gel o X | E3
IB °=l S | B (BT
Tons. |ft. in.[ft. in.ift. in.
Q-F. 3in, hothzer, Mark I
74101006 6|4 834 514 04 2

0:].1‘1‘1&"8 . . .

* Other marks do not exceed the dimensions stated.
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PART II.—ACCOMMODATION

CHAPTER XIII
CAMPING AREANGEMENTS

95, Birvouaes billete and hutting
1 Sites,.—The choice of sttes for bivottes camps or hutments i
determived bv the tactien] situatson and the rish of diserse
The nearer the enemv the more important are the tactical considera.
tions, the further the enemv the more attention can be paid to the
comfart and health of the men
Uader all circomstances stricr artention to the sariary conditions
(;f men’s sccommodation has a direct bearing on the efficiency of the
orce
2 The nife for a camp or bivouac should be dry, an grass, and on o
gentle slope  Steep slopes woods with undergrowth, low iying meadows,
the bottoms of vallecs and pewlv tarned sorl must be avomded 3
water supply should 1f possible be within ane mile
3 Bwouacs —Sumple shelters may be formed in many ways One
method 15 to drive two forked sticks into the ground with 7 pole vesting
on them, branches are then Jaid resting on the pole, thick end upper
most st an_angle of «bout 45° and the screen made good with smallet
branches, ferns, etc A burdle may be supported and treated in 2
smihr way
A shelter tent for four men mnuy be formed with two blankets or
waterproof sheets laced together at the ndge, the remaming two blankets
bemng available for cover ruside
‘When materials are avulable extemporized huis can be made by
erecting o rough lesn to roof of Iight poles and brushwood rods, roughly
thatehed with branches brushwood, pine brush, or covered vru% a
tarpachn (Plate 120)
4 BMen sleeping on the ground in tents or Invouaes suffer discom.
fort from two mam causes w
1 Ram water
11 Draughts
1 Iusposel of rain uater
{a) See that the roof does not leak, and that joints bet
b & sheets, blanhets, canv1s, etc , are well og‘erlappedwm w. P
(b} Bee that the water from the roof 1s conducte
anqQ that 1t cannot run back under the sides %r‘e‘: :g: g«:’:iﬁ
the bivonac or tent Plate 1 _sh‘ovis‘txbe night and wrozg
- 0

any rush of water over the area of th

sudden downpour By the wrong methgdm;?eprgﬁe er%nbw: 3

:!sowl;x‘;ngg su}e.;hof the tent ax:y bx;;ouac 2oaks the earih vhcf
ou the canvas, angs ti

canras and over the floor o water leaks throsgh tog
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~

ii. Draughts.—The proper arrangement for the disposal of water also
prevents draughts along the level of the floor. -

5. Splinters.—A method of protecting men sleeping in tents from
splinters of shells and bombs is shown on Plate 122, but it is open to the
objection that the earth placed against the canvas walls of the tent will
Interfere with the efficient disposal of rain water as explained above.

‘6. Willets.—When villages are used as rest billets or training areas,
fthe accommodatien may be greatly increased by erecting bunks in barns
and farm bhuoildings.

. The walls of barns may be repaired by using wattle and daub, i.e.,
trimmed brushwood rods daubed over on both sides with clay in which
15 a preportien of any fibrous substance, such as straw, grass, etc.,
whopped Into short lengths.

JRoofs may be repaired with tarred felt on boarding, or with corru-
yated iron.

Bunks should be limited to two tiers, however much headroom there
is; the bunking space required is 6 feet 6 inches by 2 feet for each man.
The Hed consists of grillage of hoop iron or plain wire: the mesh must
net exceed 4 inches by 23 inches, otherwise the occupants can insert
the heels of their boots between the wires and the bunks are rapidly
damaged. Rabbit wire netting, covered with canvas, may be used, but
sags badly under a load and does not last long,

Windows of oiled canvas should be provided ; these add to cleanliness
and cemfors.

7. Hutting—When hutted camps are necessary, the design of the
buts depends upon the theatre of war. This subject is dealt with in
Military BEngineering, Vol. VIIL.

Tf huts are constructed of material drawn from the engineer parks,
the most convenient form is rectangular in plan, 17 or 18 feet wide, to
allow of bunks on either side. When attack by aeroplanes is expected
only one tier of bunks can be provided, and that must be as close to the
ground as possible. The floor should be of hard material or wood, the
sides and rpof of corrugated iron or of wood covered with tarred paper
or felt, and the windows of oiled canvas or.glass,

Comfortable huts can also be made of locally obtained materials
secured to a framework of rough tamber. Such materials include mat-
ting, brushwood, reeds, etc.

A useful type of hut consists of a thatched roof supported on up-
rights and walls of ‘ Malay Mat> made with brushwood and wire
plastered with mud. For warm climates, ample space for ventilation
should be left at the top of the walls.

Splinter-proof walls of earth, shingle, etc., must be constructed round
each hut as a protection against splinters from shells or bombs from
aeroplanes. To economize material and labour and to increase the pro-
toction afferded, the floors of all huts should be close to ground level, or
in_dry sites below; on sloping ground the site of each hut should be
levelled by cutting into the slope of the hill.

8. Stoves.—If.stoves are provided, the floors, walls, and roofs of huts
and billets must be specially protected with sheet iron or tin where the
shaves stand, or the stove piping passes through.



Chapter XIII. Sectlons 95 & 96.] 127

9 Stables must be sited near to an emisting road, Plate 123 shows

o typical site plan A properly made approac road Chapter XV) 13
necessary, and to save labour and materials this should be as short as
- s

'

b
)

weather proof

Standings must be made of the hardest material obtainable, e g,
concrete, brick or corduroy of logs, and they must be well drained
Stables are particularly svulnerable to attack from aeroplanes using
bombs Earth or mud wnlls should be built 1t the sides and ends to
stop sphinters and 1n long stables traverses must divide the stable 1uto
compartments holding not more than 20 horses (Plate 123)

96. Water supply

{See Miliatry Engineering, Vol VI, and Manual of Military Hygiene},
1 The quantity of water required daily 1s as follows —
In bivouacs (absolute minimum).
1 gallon for each man -
3 gallons for each animal,

In temporary camps:
5 gallons for each man
10 gallons for each horse

In standing camps, rest billets, ete.:
15 gallons for each man
10 gallons for each animal

Hov weather and hard work will nearly double ordinary require-
ments, and, :n making any calculation of the amount requred, these
factors must be considered .

112 The sources of supply usually available are streams, ponds and
wells
Small ponds and shallow wells should be aveided for drinking pur-
£°5” W;:lter m shell holes must never be used for drinking, as 1t may
® POlSOne!

3 The rough average yield of a stream may be measured as
follows —

Select some 15 yards of the stream where the channel 1s faurly
umform and there are no eddies Take the breadth and
average depth in feet in thres or four places Drop m s
clup of wood and find the fime 1t takes to travel, say, 21
feet Thus obtain the surface velocit~ in feet per secors
Four-fifths of this will give the mean velocity, and this multi-
phed bY the average sectional area in square feet wHI give
the {vm d per second tn cuble feet of water (one cubic fdot
equals six and a quarter gallons) Sec 22, Mihtary Engin-
eering, Vol VI, 1922, deals with the more accurate  methods
of gauging the supply of streams
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The yield from a well may he gauged by pumping to lower the level
one foot, and then, noting how long it takes to fill to the original level.
Where there is no risk of shortage of water, a more reliable measure-
ment may be obtained by pumping the well almost dry and noting the
time taken to fill to the original level. The contents of circular wells
per foot deep is as follows : —3 feet diameter, 44 gallons; 4 feet diameter, ,
78 gallons; 5 feet diameter, 122 gallons; 6 feet diameter, 176 gallons.

Water can be obtained, if necessary, from a marsh, water courses or
heles by the methods shown on Plate 124.

4. Quality of water,—The source of supply must be carefully investi-
Z=zted, and measures taken to prevent the pollution of the water en
voulc to the drinking supply. Wells must be tested at the earliest
apportunity, and encﬁ well clearly marked as fit for. drinking or for

washing purposes only,

5. Methods of purifying wator.—On active service all water must be
considered as polluted. Water may be purified:—

t. By the addition of chemicals.

(@) Clarification by alum_and subsequent sterilization by chlorine.—
This 1s the standard method adopted in the army, and it is employed -
in a variety of ways depending upon local and other conditions.

(A) Preliminary clarification by clarifying powder. (Aluminium
sulphate, 2 parts, anhydrous sodium carbonate, 1 part):—

(1) Addition of clarifring powder (five grains per gallon), re-
sulting in the formation of aluminium hydroxide, a white
gelatinous substance which slowly sediments, or can be
removed by filtration through sand or fabric.

This hydroxide in sedimentation carries with it sus-
pended matters and over 90 per cent. of the organisms
in the water. Similarly the layer of hydroxide on the
sand or fabric retains and prevents the passage of sus-
pended matters and the same percentage of germs ori-
ginally in the water.

{2) Removal of aluminium hydroxide by:—(a) Sedimentation
las in_certain land plants and_barges); (b) filtration
through sand (as in the water sterilizing lorry); (c) filtra-
tion through fabric (as in the regimental water cart);

{d) combination of (a), (&) and (c).

(B) Subsequent sterilization by chlorine:—

(1) Addition of one part per million free chlorine (allowing for
‘““ deviation’’) in the form of; (a) water sterilizing
powder (chlorine); (b) gaseous chiorme_a. .

The water sterlizing powder (chlorine) consists of .:ui
intimate mixture by weight of 80 per cent. comz.ner_cmd
bleaching powder and 20 per cent. of freshly 1gn1tet
quicklime (calcium oxide). The powder when fresh .muzi'.
contain by weight not less than 25 per cent. of availab 3
chlorine and not less than 7% per cent. of uncombine

quicklime,
2) Contact for thirty minutes.

43) Dechlorination as required by:

(a) sulphur dixoide; (b)
sodinum thiosulphate (‘‘ hypo ’);

or (c) sodium sulphite.
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(5) Disulphate of soda —Two tablets (each 15 grs ) of bisulphate of
soda, flavoured with saccharme and oil of lemon, dissolved n'the foll
contents of a water bottle and allowed ta stapd for twenmty minutes,

‘ gives an acid solution with a flavour resembling lemonade  This 1s the

[presem armv 4 = T hes many
disadiantages, t

| solvent and pro 1
an alummum

bottles, but 1t ¢ a

long as the entmel remains intrct 1% the endmer 8 Lupy wy v wa
posed 1ron rapidly corrodes and ferrous sulphate s formea, giving an
objectionable taste and colour to the water

) If exposed to the atmosphere these tablets take up moisture, and
oufficient sulphuric acid 1s ltberated to burn clothing and shan

(¢) General —A number of otker chemicals have been used from time
to time, but all have their 1 ~ e

army  In an emergency, he

of 10dine (six drops to the

uothing and car always be

1t By heat

Ol fUel, H0U N LOULBE © u

water i5 best consumed 1n the form of '

suspended mntter, 1t should be clanbed betors L 15 vuiu vy W = o
the clanfying powder, (1) filtration, or (¢) a combination of (@) and (»)

(V) Heaf exchange ~Different forms of heat exchange apparatus
have ‘been devised, the principle in each being the separation of the
incoming cold water from the out gowng hot water by a thin metal
disphragm  with n resultant cooling of the sterilized hot water to a
drinkable p , and o corresponding 3ise 1n the
the incaming cold water, and on economy in fuel

.

wm By filtration

- * ~ =1 awmat rander 4 nolluted wafer
e m combins~
;1‘;:"‘, - g water as a

v

Tor indivadua) sterlization the Berkhfeld and Pastenr-Chamberland
filter capdles, which are hollow bougies of specially prephred porcelain
contained 1n a metal case and screwed to & water fap, may be of use zf
1o safer method 1s avarlable Their delivers 1s slow, and if they are to
heep back disease germs the porcelamn must be absolutely soun , umon
E:l;ﬁmzﬁ ﬁltsr ;md tl:]e del}l)\ olry ]!lpe'must be perfect “and they mus}

and cleansed n botling water every th
unstitablo for turbid water ‘ ¥ three iz Doth are
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iv. Special purification processes.

(a) Removal of poisons.—A special test case was introduced during
the Great War for the rapid detection of certain poisons (arsenic, anti-
mony, mercury, lead, copper and cyanides) in water in the field. The
method of removal of these poisons from water is to convert them into
insoluble forms by means of appropriate reagents and then remove the
precipitate by filtration through sand.

(b) Saline water.—Distillation is the only suitable methed by which
sea or brackish water can be rendered fit for consumption. Fixed,
mobile and improvised distillation plants were used in Egypt, Gallipoli,
ete., during the Great War.

(¢) Removal of sand.—In Egypt and other coumtries the presence of
very fine sand in water, especially from bore holes, interferes with puri-
fication by delaying sedimentation. Fine wire gauge or the Ashford
sand strainer may be used to free the water from the sand. (See Mili-
tary Engineering, Vol. VI, Sec. 39, 2).

(d) Schistosomata.—In" Egypt and certain parts of Africa special
measures may be required to free the water from these parasites. Where
. risk of contamination by these parasites exists cresoled water (1 in
10,000) may be used for washing; drinking water intakes should be
screened with wire gauze (sixteen holes to the inch) to exclude the snail
hosts of the parasites, and drinking water may be either specially
chlorinated (two parts per million) and subsequently dechlorinated, or
stored for forty-eight hours after ordinary chlorination,

(e) Leeches.—Small leeches are prevalent in many water sources in
tropical and sub-tropical areas. They are excluded by straining the
water through wire gauze twenty holes to the inch.

(f) _Mosquitoes.—Mosquito breeding in water supplies may be pre-
vented by screening with wire gauze, eighteen holes to the inch; the
addition of cresol—a concentration of 1—80,000 destroys the mosquito
larvee, and is scarcely detectable by taste. Oiling the water surface—
another recognized method—is not suitable for use in drinking water
supplies.

6. The lay out_of a simple improvised alum-chlorine purification
plant is shown in Plate 126, in which an elevated supply tank is con-
nected to a water cart point of the usual type. (See Sec. 83, 6, Military
Engineering, Vol. VI, 1922).

7. Raising water.—The pump in general use in the service is the
¢ lift and force ”’ pump, weighing 84 lbs. complete. It is worked by
two men. When in good order it can lift water from a maximum depth
of 28 feet and force 1t 32 feet (i.e., 60 feet in all, at a Trate of 12 gallons
a minute). Four are carried in the field by each field squadron, and
four by each field company of engineers and by each field park com-
pany. To obtain the best results the height of lift or suction should
be reduced to a minimum, and can rarely exceed 20 feet, The end of
the suction pipe must never be allowed to rest on the silt or mud ab
the bottom of’a well or stream.

Trom deep wells, unless power driven pumps are available, wate!
must be raised by buckets and ropes, windlasses being improvised as
soon as possible. Another alternative is to use a water bag, which l?
lowered into a well by ropes and drawn up by animal power. Depths o
180 feet can be reaclied, and the bucket can raise 15 gallons at a time.
(Plate 125).
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vi. In cases where water has to be rationed strictly, only a limited
quantity should be pumped into the troughs at a time. When
the trough is emptiod by one batch of horses, they should be
led away, and the trough filled just sufficiently for the next
batch of horses to be watered. Horses that have not been
watered for 24 hours or possibly longer always make a rush
at a trough and will not leave it so long as a drop of water
remains, .

il. Washing arrangemonts.—No washing should be allowed within
80 yards of the water supply; empty biscuit tins, etc., should be used
to dray water for this purpose; aglution benches (Plate 127) should be
316.'6&0 as)soon as possib‘e and drains provided. (18 feet run for each

men).

12. Miscellancous.——All watering points must be carefully drained.

Grease traps.—\Waste water from ablution benches, kitchens, etc.,
must be cleared of grease before being discharged into soak pits.

Designs of grease traps for this purpose are shown on Plate 128.

Surface water must be prevented from running into wells by brick
or concrete copings. ‘

Direotion boards to the watering places must be provided liberally.

13. The subject of water supply is dealt with in detail in Military
Engineering, Vol. V1,

97. Cooking arrangements,

1. In the open.—The simplest arrangement for cooking in the field
for any party over 20, if the halts are not of long duration, is to place
a proportion of the kettles on the ground in two parallel rows about 9
inches apart, handles outwards, block the leeward end of the trench seo
formed withi another kettle, lay the fire between the kettles and place
one or two rows of kettles on those already in position.

Mess tips can be arranged similarly, but in their case not more than
eight should be used together.

2. Trenches.—The most economical method when time is available, is
to dig or raise a narrow sloping trench for the fire on which the kettles
are placed. The interstices are then filled up with clay so that the
fire, fed from the windward end, may draw right through. A chimney
may be built at the other end to increase the draught.

3. Types of ovens and cookers are given (Plates 129 to 134). Those
shown on Plates 129 to 133 are best built in brick, but with care can be
built with sods, if good sods are obtainable, or with biscuit tins.

The ‘¢ Camel Back ' type of field kitchen, Plate 132, is suitable for
officers’ and serjeants’ messes, or for about 50 men; it can be built with
bricks, sods, or tins filled with earth, but all joints must be made as air
tight as possible.

Three pieces of sheet or corrugated iron are required:—
One for the oven sides, top and bottom made to the shape required.
One for the oven jacket shown on Plate 132. :
One for the oven door.

Sheet iron is best if available; piping of any kind can be used for the
chimney.
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The type shown on Plate 138 being portable 1s smtable for smalt
detached parties

4 “eﬂhersroof cover should be provided for cooks to enable them
to prepare food roperlv and to provide for the storage of rations A
smple timber framework with end <ides and roof of corrugated iron
will sufice The roof should have a good fall

& For storing rations a flv proof safe 1s essential 1p warm weather
A safe of ight timber framing provided with hooks trom which to hang
meat and covered with fiv proof gauze can be made to any size required
\IA portable pattern 1¢ shown on Plite 135

{

88 Latriies

(See Manual of Military Hvgiene)

1 Sites for latrmes must be very carefully selected They should
be situnted as far as possible from the water supply 1nd Litchens, and
when practicable on another side of the camp and to leeward of hat
chens Flies are greatic responsible fo» spreading infection No 1
tration must reach thie water supply

2 Latrines and urine pits must be dug immediately on arrival of
troops 1n their bivaunc or camp  These slould be repliced s soon as
possible by urmals of the type shown on Plate 136 and by deep trench
latrines (Plate 137)  VWhere deep trench Iatrines are impracticable,
bucket latrines should be provided (Plate 138) For use at mght three-
truu%h attern urinals as depreted on Plate 136 but of half the length,
should Ee erected 1s follons —One near the Institutes, and one in a
central position on either flank of the men s tents or bivouacs These
should be 1lluminated by means of a lantern on a post and marked
““For mght use only

3 Accommodation ~—~Shallow trenches should be provided at the rate
of five trenches for each 100 mer Five yards run of deeg trench 1s
required for each 100 meun Seating accommodation should be pro-
vided, 1f possible, for 5 per cent of the men

4 Screens of canvas or bushes and weather proof overhead cover
should he provided snd latrines must be clearly marked ** Officers,’
“Y 0s and N COs,” *“Men,” or *Natives ™

99 Refuse

1 Camp refuse must be collected 1n fly proof receptacles and burned
the residue being burted If this 1s properly done there need be no
y nusance even in Eastern countries

A type of temporary wcimerator 1s shown on Plate 139 An al
drum with the bottom Lnocked out supported on a grid of iron bars
resting on bricks or stones, 1s equally good  Spaces must be left below
the grid to form air holes 2nd for raking out ashes A more perman
ent type of destructor may be bualt 1n brick (see Sec 72, and Appendix
I, Manual of Mihtary Hyglege, 1921)

In camps and trench svstems numerous small receptacles (sandbags,
XPM {ngmns, &c ) must be provided f{zr paper, & ette &e
@
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\

vi. In cases where water has to be rationed strictly, only a limited
guantity should be pumped into the troughs at a time. When
the trough is emptied by one batch of horses, they should be
led away, and the trough filled just sufficiently for the next
batch of horses to be watered. Horses that have not been
watered for 24 hours or possibly longer always make a rush
at a trough and will not leave it so long as a drop of water
remains, .

il. Washing arrangements,—No washing should be allowed within
80 yards of the water supply; empty biscuit tins, ete., should be used
to draw water for this purpose; ablution benches (Plate 127) should be
made as soon ns possible and drains provided. (18 feet run for each
100 men).

12. Miscellaneous.—All watering points must be carefully drained.

Grease traps.—Waste water from ablution benches, kitchens, etc.,
must be cleared of grease before being discharged into soak pits.

Designs of grease traps for this purpose are shown on Plate 128.

Surface water must be prevented from running into wells by brick
or concrete copings. . ,

Direction boards to the watering places must be provided liberally.

13. The subject of water supply is dealt with in detail in Military
Engineering, Vol. VI

987. Cooling arrangements.

1. In the open.—The simplest arrangement for cooking in the field
for any party over 20, if the halts are not of long duration, is to place
a proportion of the kettles on the ground in two parallel rows about 9
inches apart, handles outwards, block the leeward end of the trench se¢
formed with another kettle, lay the fire between the kettles and place
one or two rows of kettles on those already in position.

Mess tins can be arranged similarly, but in their case not more than
eight should be used together.

2. Trenches.—The most economical method when time is available, is
to dig or raise & narrow sloping trench for the fire on which the kettles

are placed. The interstices are then filled up with clay so that the

fire, fed from the windward end, may draw right through. A chimney
may be built at the other end to increase the draught.

3. Types of ovens and cookers are given (Plates 129 to 134). Those
shown on Plates 128 to 133 are best built in brick, but with care can be
built with sods, 1f good sods are obtainable, or with biscuit tins.

The ‘* Camel Back ”’ type of field kitchen, Plate 132, is suitable for
officers’ and serjeants’ messes, or for about 50 men; it can be built with
bricks, sods, or tins filled with earth, but all joints must be made as air
tight as possible.

Three pieces of sheet or corrugated iron are required:—
One for the oven sides, top and hottom made to the shape required.
One for the oven jacket shown on Plate 132.
One for the oven door,

Sheet iron is best if available; piping of any kind can be used for the
chimney.
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The type shown on Plate 134 bemng portable, 15 smtable for smalt
detached prrties

4 Wexthersmof cover should be provided for cooks to enable them
o prepare food froperiv and to provide for the storage of rations A
simple timber framework with end, sides and roof of corrugated iron
will suffice  The roof should have a good fall

5 TFor storing rations a fiv proof safe 15 essential 1 warm weather
A safe of hight timber framing provided w1th hoobs from which to hang
meat and covered with fly proof gauze can be made to any size required
\A portable pattern 18 shown on Plate 135
i

98 Latrines

(See Manunl of Mihtary Hygiene)

1 sites for latrines must be very carefully selected They should
be situated a5 far as possible from the water supply and hatchens, and
shen practicable on another side of the camp and to leeward of lat
chens  Fhes e grently responsible fo~ spreadsng mfection Do §1
tration must reach the water supply

2 Datrines and urine pits must be dug immediniely on arnval of
troops 1n thewr bivounc or camp  These should be replaced as soon a3
T ate 138 and by deep trench

. latrines are impracticable,

8) For use at mght three-
138 but of half the length,
he Institutes, and ono 10 a
s tents or bivouncs These
ern on & post and marked

3 Accommodation —Shallow trenches should be provided at the rate
of five trenches for each 100 men Five yards run of deep trench 1s
reg\med for ench 100 men Seating Accommodation should be pro-
vided 1f possible, for 5 per cent of the men

4 Screent of canvas or bushes and weather proot overhead cover
§hou]d be provided and latrines must be clearly marked ' Officers,”
‘W Os and NCOs,' ' Men,’ or *“ Natives’

99 Refuse

1 Camp refuse must be collected 1 fly proof receptacles and burned,
the residue bewng, buried If this 1s properly dome there need be no
By nuisance, even in Eastern countries

A type of temporary ncinerater 13 shown on Plate 139 Ar ail
drum with the bottom knocked out supported on & grid of iron bars

Testing on bricks or stones, 15 egually good  Spoces must be left below
the grid to form ot holes and b

or raking out ashes A more perman
ent type of destructor may be bult 1 br%ck (see Bec 12, and Ax;’apendxx
1, Manual of Military Hymene, 1921)

x In Eamgs and trench systems small receptacle, (sandb
X PN g ns, &¢ } must be provided gr paper, aigarette ting, &e¢
D
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2, Disposal 6f manure.—Whenever possible, manure should be burnt
on incinerators about 6 feet square made of expanded metal or bands
from hales of compressed forage, or any similar material raised a foot
or so off the ground; varisus types of incineraters will be found illus-
trated in the Manual ef Military Hygiene. If it cannet be burnt,
definite places must be allocated where manure may be dumped ; these
should be at a considerable distance from camps and horse lines; the
Tieaps must be preperly built up, and covered with 1 foet of earth.

3. Disposal of dead ammmals,—If incinerators for burning dead
animals have not been constructed, the animals must be skinned, cut
open, and buried, the place being clearly marked as ‘ foul grouné.”
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CHAPTER XIV

SHELTERS AND DUG OUTS

106 Degrees of protection

1 Shelters for the protection of troops, armament a2nd ammumticn
agninst the effect of enemy projectiles are provided, erther in specially
constructed buildings on the surface, or 1n underground chambers and
passages called dug-outs

2 Protection is given 1n three degrees —

1 Shrappel-proof,—~This will heep out the weather shrapnel,
mdirect M G fire, and small splinters

u Shell-proof.—To Leep out all shell from guns howitzers, and
mortars up te 6 inch

m Bomb-proof —To Leep out aseroplane bomwbs with delay action
fuzes, and all shell from guns howitzers and mertars

The construction of shell proof and bomb proof buildings above
ground 1nvolves a large amount of steel, concrete, and highly shilled
labour, this subject 1s dealt wath 1n Military Engineering, Vol II

101. Types of shelters

1 To assist 1n the construction of protected accommodation, both
nbove ground and under ground, the following special mater:als are
pronided (Appendix VII, Tables 5 and 6)

1 Small corrugated, steel shelters

n Large corrugated steel shelters

m Curved corrugated iron sheets

1w Troughing plates 1n 6- and 9 foot Jengths

v Timber, ruls, steel joists, logs, ete .
2 The small corrugated steel shelter (Plate 140),—The complete
shelter consists of five segments or arches, each composed_of two <heets
2 feet 9 inches 1n width, which overlap 12 inches, and are fastene:
together by six half 1nch imhs, 14 inches long, through holes dniled 1

the sheets for this purpose, cach segment overlaps the next by half a
corrugation (3 1nches)

To erect, lay out the 4 inch by 3-inch timber bearers, gut the curved
segments into position, drive 1n the clasp nals provide , and nul on
the 2 inch fillet
- * ¢ a1 shelter make a shelter 12
m Plate 140 If more head
bo raised on timber frames
rarted on a sandbag wall
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3. The large corrugated steel shelter consists of seven segments or
arches, each composed of three sheets of corrugated steel 2 feet 9 inches
wide, which overlap 18 inches, and are fastened together and erected in
the same way as a small corrugated steel shelter.

An example of the use of a large corrugated steel shelter is i
Plas Exa ' g g shelter is given on

The sheets of steel shelters may be used singly, in which case wall
plates must be provided. Single sheets should not be used to support
big weights.

4. Curved corrugated iron can be used resting on trench boards on
edge. This makes a quickly constructed trench shelter, as shown on
Plate 143, They can also be used on timber frames, as shown on Plate
141, Figs. 2 and 3.

5. Trgughing plates, 6 feet or 9 feet long and 3 feet 3 inches wide,
are considerably stronger than curved corrugated iron.

A centre support is required.

102. General instructions.

1. Before commencing any shelter or dug-out, decide what degree of
protection is to be provided, and what number of men are to be accom-
modated.

2. Dug-outs, intended to be shrapnel-proof and shell-proof, are made
on the ‘‘ cut and cover’’ principle, that is to say, an excavation is made
in which a shelter is built, and then covered up. !

When corrugated steel shelters are used for this purpose, the end
not used as an entrance must be closed and firmly strutted. The frame-
work on which the shelter rests must be braced to prevent collapse
and, in the case of the large steel shelter, the arch must be supporte
centrally throughout its length.

Accommodation required in buildings which are exposed to the fire
of field guns can be made proof against splinters and light shells by
using the rearward ground floor rooms. A sandbag wall is built inside
the rooms, and a strutted roof provided to support any falling debris;
or a large steel shelter can be erected inside the rooms. This should
be placed well back from the walls and covered with sandbags or con-
The interval between the shelter and wall should not be filled

crete. 1
in with loose earth or rubble, as these materials will only serve to trans-
mit the shock of a bursting shell.

3. All shelters and dug-outs must be constructed to resist the effect
of the explosion of a shell near them and consequent collapse, even if
they are not designed to resist a direct hit.

The framework must, therefore, be in the form of a box braced in
every direction. The essential points in construction are:—

i. Sides must be prevented from collapsing inwards, by being
strutted top and bottom. When square timber is used, the

heads and feet should be kept apart by 2 spreader nailed on;
cleats are useless (Plate 144, Fig. 3). Notches must not be

used.

ii. The whole box must be prevented from distortion by diagonal
bracing on sides and ends.

iii. Except in hard chalk or rock, sills or bearing plates must be
piaced under the uprights supporting the roof.
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w Jmsts)must be laid on edge to obtamn the full strength (Plate
1486

v They must be placed so that the spans are as short as possible

vi Timber joists having large knots should be placed so that the
knots are tn the upper and not in the lower surface (Plate
123, Tig 1)

vit The ends of timber joists must have s good bearing on reliable

I supports (Plates 188 Figs 2 and 4 and 145)

vy Uprights should be round or as nearly square as possible

1x When fastening heavy timbers together, dogs and spikes must
not be driven within 8 inches of the edge or 4 inches of the
end of the timbers dogs must be placed on both sides of the
frame Auger holes must be bored for spikes or the latter
will split the timbers

103 Roofs

1 The roof must be weatherproof Corrugated iron or similar
material, used for this purpose must be graded to throw off water, and
this and other surface water must be prevented from entering the
shelter or dug out

The grading of the roof 1s done by having one side or end shghtly
tugher than the other

When laying corrugated 1ron on a slope the lower layers are laid
first the upper layers overlapping the lower ones Nails should be
driven through the ridges, not through the valleys of corrugated wron

2 Yihere two girders cross each other they must be firmly clamped
together to prevent literal movement distance preces must be fitted
between parailel girders

8 Table 6 Appendix VIII_ gives the safe load which can be carried
by certain girders and rails = Tor timber gmsts and round poles Table §
can be useﬁ thus—to find the safe load for each joist or lL,mIe for any
span of roof divide 16 000 lbs by the number given m Table 5 for the
j018t or pole at the required span Example 9inch by 3-inch joists

0
wlil safely carry 1620 Ibs a joist in a roof of 7 foot span, 5 being the
figure gaven 1n Table § for 9 inch by 3-inch joists over a span of 7 feet

4 To find the weight of earth in Ibs which may be supported by
one gmirder or joist, multiply the span n feet by the distance apart of
the E"ders 1n feet by the depth of earth 1n feet by 100 (a cubtc faot of
earth weighs roughly 100 Ibs )

Thus to support a roof of 2 feet 6 inches of earth if the
8 feet, 40-1b rls may be used, spaced 2 feet apart, or 5 inch bysx.zi:nncx}:sl
grders 3 feet apart (Table 6)

me Shrapnel-pranfs -

1 Bhrapnel proof protection 15 mven by 12 inches to 2 fee

of carth utﬁ 18 not shell proof until some 20 to 30 feet tufelmﬁs

and nn{thmg more than 2 feet 6 inches only increases the explosivo

forco of the shell A bursting oourse of broken bricks stones &e, 18

always a useful addition to shrapnel proof cover but the depth of the

whole roof covering should not exceed 2 feet 6 inches

2 The earth and bursting course 1s usually supported

shelters de cribed in Sec 101 and illustrated u?; ley 143 l:);‘t 2“:;&23

tronch can be roofed with corrugated iron sheets, hurdles, planks, &¢
, &e,
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supported by joists, poles, &e., Inid across the trench. Fire and com-
munication trenches must not be treated in this way as they quickly
become blocked under shell fire, but recesses should be dug off them
preferably behind o traverse as shown on Plate 143; slit trenches (Sec.
53, 2) provide good shrapnel-proof protection. Protection of huts and
tents from splinters is dealt with under those headings in Chapter
I}ItI{ b“lt in large camps this protection should be supplemente(F by
slit trenches,

105. Shell-proofs.

. 1. The cover required {o give full protection from shells up to 6-inch
is as follows (Plate 147).
i. Burster, This turns the nose of the shell and causes it to burst
hefore it has penetrated too far.
ii. A cushion to absorb shack.
ili. Dictributing course. This sprends the stresses caused by the
explosion over a large area of the roof. .
A second cushion,  This acts as a buffer between the distri-
huting courze and the roof.
v. A thin layer of hard material immediately above the roof, to
stop splinters.

2. A burster of nou-rigid material—broken bricks, stone sets, or
hard chalk—about 2 feet thick, has been found superior to slabs, rails,
conerete, &c., for, although it must be thicker, it is less susceptible to
permanent damage by shell, and is more easily replaced and repaired.

The burster must be carried well over the front and sides, so as to
protect them as well as the roof.

3. The cushion should be made of the spoil obtained from the exca-
vation of the dug-out. It should be abont 3 feet thick. ‘

4. The distributing course should consist of logs, rails, &ec., tied
together with stout wire, so as to form a mat. The material should be
Iaid tonching and, if possible, in two layers,

5. The second cushion may be similar to the first.

6. The inner layer may consist of 6 inches of bricks, stone or con-
crete laid on boards or corrugated iron.

7. Plate 147 shows some details of construction for a dug-out_proof
against a G-inch shell. The timber construction can be dispensed with
by using one of the steel shelters described in Sec. 101.

8. Cellars.—Full u<e should be made of cellars for providing pro-
tected nccommodation. Whether this is to be splinter-proof or shell-
proof. the first essential is to shore up the roof w1_th stout pit-props or
trames sufficiently strong to support any protective layer which may
be added, as well as the weight of any debris which may be dislodged
from the upper storeys. ]

All cellars must be provided with two entrances, protected with gas

curtains.

Splinter-proof protection,
be splinter-proof in themselves,
ed roof will require the addition o
Sec. 104.

Shell-proof protection.
act as bursters, and as these are knocke
cellar is antomatically increased. It is, howerer,

Roofs of brick or concrete will usually
but the ordinary timber joist and board-
f a protective layer as dsecribed in

In well-built houses, existing walls or roofs
d down the covering of the
safest to provide shell-
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proof protection from the first This mav t1he the form

of three feet
of reinforced concrete, or protection s shown in Plate 187

106 Tunnelled dug outs

1 Provided that the ground is smitable and that the site 1s not too
close to the enemy, tunnelled dug-outs are the most satisfactory tvpe
of shell proof accommodation on any scale  Thev have the following
advantages over concrete or cut and-cover dug outs —

1 Thewr construction involies less labour in proportion to the
accommodation given and affords more mmmediate results

1 Thev can be constructed by unshilled labour with very lttle
supervision

m They give protectron against penetrition and concussion effect

1+ They can be more easily concealed

2 Complete protection against shells of large calibre (8inch and
«aver) can seldom be guned without descending to impracticable depths
Generallv speaking all underground work should be provided with
sufficient head cover to exclude 64nch howitzer and mortar shell fitted
with delay action fuze

The thichness of cover required under these circumstances will be,
respectively, as follows —

Made earth 35 feet

Clay 30

Gravel 25 N
Chalk 25 ,, to 20 feet
Hard rock 15

Inchalk economy 1n timber may often be effected by sinking shightly
deeper than necessary for cover to reach hard sound chalk 1n which 1t
18 not necessary to timber galleries and chambers

3 Disposal of spoil and camoufiage —Concealment of the spoil
excarated 1s of the utmost 1mportance (Agpendxx ), and the tatal
amount to be disposed of must be considered before work 1s begun

4 Material —The matersal generally avaulable for himng gallerzes
and chambers 1s —

For inctines and galleries:—

91nch by 3inch timber setts, uprights 6 feet 6 inches long cross~
pieces 3 fect 3 1nches long, spreaders § inches by 1 inch and
2 feet 9 inches long (Plate 128, g 1)
91nch by 3anch timber setts, uprights 5 feet long cross preces 3
%oet %mchns long, spreaders 2 feet 9 inches long (Plgte ISGB,
g2
For chambers 1~

Pit props, 43 to 6 anches 1 diameter  Steel gird
G tnchies by 3 rnches and D feet long - B @t § fouts),

Lagging (13 to 2 inch boarding), 1n varions lengths
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5. The accommodation which may have to be provided includes the
following : — .

i. Command headquarters for company, battalion and higher
fighting formations (Plates 149, 150, and 151).

ii. Accommodation for machine-gun ‘personnel (Plate 162).
ili. Accommodation for personnel working in observation posts.
iv, Living dug-outs for infantry and artillery. -
v. Subways. .
vi. Dressing stations (Plate 153).
6. Design.—Two main types of dug-outs are given, viz.: —

Type “ A’ (Plate 154, Fig. 1), which is more suitable for offices and
officers’ quarters,

Type “B' (Plate 154, Tig. 2), which is more suitable for men’s
quarters. This type involves less excavation for the accommodation
provided and gives better ventilation.

7. Entrances (Plate 155).—Every dug-out must have at least two
entrances not less than 40 feet apart.

No attempt should be made to strenébhen the head of an incline.
No practical means will make it proof against a direct hit, and the use
of concrete and girders only render clearing and repair more difficult.

Tt is essential to grevent entrances becoming sumps for the drain-
age of the trench. Ior this reason they should never start from the
bottom of the trench. Flooding is best prevented by commencing the
incline at the end of a short return of such a length as to allow 5 feet
between the side of the trench and the step at trench board level (Plate
155, Fig. 1). This space allows of extra steps beinF added as necessary,
without blocking the entrance. The return should be made weather-
proof (not shrapnel-proof) and camouflaged.

8. Inclines.—Inclines should be driven at a slope of 45° and should
be close timbered with setts 8 inches thick for at least 15 feet; open
timbering can then be used if soil is suitable. The minimum width
admissible is 2 feet 9 inches, as in the standard sett. There are two
methods of timbering, viz., vertical and normal.

Vertical timbering (Plate 155, Fig. 1) is not recommended for un-
skilled men, as they have difficulty in cutting the steps properly, with
the result that they crumble and the frames slip under the shock of a
shell. Legs shorter than 6 feet give insufficient headroom. Steps
should have 9 inches tread and 9 inches rise. Steps narrower than 8
inches are dangerous and should not be used. Vertical timbering is
safer when rising through bad ground.

Normal timbering (Plate 155, Fi%. 9) is stronger, requires legs of
shorter length to give the necessary headroom, and irregularity in the
width of the setts used does not affect the-stairway as steps are put in
afterwards. s

9.- Excavation and timbering.—TFor either type' first excavate the
bottom and place the ground sill truly. Then put in the legs, excavat-
" ing only enough ground to place them. Then excavate for and place
ihe top sill. Dig out the remaining ground.
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Never sttemgt to excavate for several setts to be timbered later,
thus endangers the hives of those working and 1f the face or sides begin
to “run,’’ involves an 1mmense amount of labour and leaves a weak
entrance
Fach sett should be “‘ Yaced " back to the previous one, immediatelv
1t 13 put 1n, 2t top and bottom, by means of a short length of wood
about 1 foot € inches by 4 inches by 1 1inch nailed to both setts In the
case of an 1nchne timbered normal to the slope, the smde pieces of the
steps form the bottom lacing
Afterwards 211 setts should be strung together with d-inch by 1 inch
wooden runners spiked about 6 inches from the top and bottom of esch
mide or flat bar wron specially slotted
Solid chalk 1s most easily broken to a cut (3 ¢, a narrow excava
tion usually down one mde) If timber 18 put in as 1bove there is a
cut, top, bottom and both mides  Picks should be systematically work
ed to break to one or other of these cuts and not used indiscripmnately
over the face
For normnl timbering a templet 1n _the shape of a 45 degrees triangle
with 2 foot mdes and a plummet shonld be provide
Taol recesses should be provided at the bottom of each inclime
10 Gallerses —In bad and doubtful ground galleries should be close
tumbered but in oridnary chalk and dry clay the setis may be spaced
up to a maximum of 4 feet thus economuzmng timber Top hamng (13
to 24nch boarding) must always be used and, except in solid chalk, side
laggng of 1 to 1§ inch boarding corrugated iron or expanded metal)
&c , 15 alse necessary
- i o 4n dha stalility of the roof worb should
ting the roof ahead of the
3 the only method to adopt
hpg board of 4inch by 2
on top of the top mill of the
large enough to allow the
&Ellm boards (v e, overhead laggming) to be hammered forward between
the whaling board and top sill
The spuing hoards wre mamtained at the original angle by using a
spare top sill as a distance prece, bearing on the spiling boards of the
aeitI behind
1 very heavy ground the sptling boards may bend
before they can’be driven home 1n t}nsqmss I};\termet‘i‘niatt):z tt):n-gg;%:‘;
setts are used The forward sett supports tho end of spiltng boirds
while the back one serves as 1 distance prece to maintam the angle o
rive  The boards are driven from undermeath the cap This method
necessitates T TR m e de whes dighinet
operations, { W

gel’lmnnebnt se ?()lﬂg? :l}:g
pihin,
btmrdgtq 0!:( Allow one

sengpllu'u; boards should be at least 1 foot longer than the span between

Iﬂlxrzrnhon —As for entrances, always break to a ““cut ™
hambers —Pillars of solid ground of a m
" immum thickness of
chaﬁigr;n chalk and 20 feet in clay, must always bo loft between
In ordinary soil, chambers should be excavated 9 f
bersil and the roof supported with standard R 8 ,offé ‘Z;:ﬂ(;nnln?vrypr?.
A clvy or soft chalk the joists require intermediate rrops, which should
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be inserted afterwards. They need not be placed in the cent
girder but should be arranged to facilitate burx)xking, I&c. 1 contre of a

The general rule for <pacing girders is at 2-foot centres in el
sand; and at 2-foot G-inch to 3-foot centres in chall:. e or

To_prevent the side props from being pushed inwards they are con-
nected in the girders by olips or brackets, The usual patterns are
shown on Plate 148, Figs. 4, 5 and 6. The clip shown in Fig. 6 must
he fixed when the girder has heen put in place, Props should not be
weakened by notching them,

. Girders must be side-strutted to prevent them rolling over and buck-

ling. TFour struts of d-inch by 3-inch timber are wedged between one
girder and the next, <paced at intervals of 3 feet along the girder.
They must be wedged extremely tight.

In clayx, loam or sand. foot blocks 12 inches by 12 inches, or in heavy
ground, ground-ills are necessary, TIn good chalk it is sufficient to let
the prop 3 inches into the floor.

12, Excavation and timbering.—Except in very solid ground spil-
ing <hould be employed (Plate 156). Apart from the danger to men
working if any falls occur, they not only delay progress but seriously
weaken the overhead cover.

: The exeavation of the whole face in one piece should not be attempt-
ed,

Two methads are suggested below : —

No., 1 Method.—TFirst drive a pilot aallery., The most economical
fize Is nhout 3 feet by 2 feet, This should be timbered and be approxi-
mately in centre line of chamber. Such a gallery serves as a useful
cheek on levels and direction,

In connecting between two entrances it is as well to push this right
through and secure through ventilation prior to starting the chamber
proper. Men work much faster in a well-ventilated gallery. Where
speed is very important, however, the face of the chamber can be work-
ed at when this gallery is 10 feet in advance of-it. The gallery then
forms a ““cut’ to which the sides of the chamber are broken. Two
men can work on each side.

No. 2 Method (without a pilot galleryy. Cut out the sides of the
chamber 2 feet 6 inches wide and the full height, driving forward the
spiling hoards over this area first, When both sides are removed to a
sufficient depth to <et the next props, cut out the top of the centre
buttresses driving spiling boards forward as ‘before. Then catch up
these boards by a beam underneath, supported on either side of the
buttress by pit-props. Set forward girder, distance pieces, whaling
board and wedges and then pick out the centre buttress.

13. DOrainage.—In wet ground, i.c., where pumpling 1S necessary,
the water in the dug-out should be collected into one or more deﬁmtg
sumps. Correct levels are, therefore, of the g'reatest importance, alllJ
skilled assistance will probably be necessary. The chambers shou{d" e
1 foot higher than the gallery and should drain towards it. Galleries
should have a fall of 1/50 towards the sump to counteract small errors
in setting the frames.

Trench boards should never be allowed in galleries. They eoclll_ect
filth and obstruct the drainage. To ensure cleanliness, when thed 1 -
culties of transport are not too great, the floors of chambers ?1113’ ig‘;;d
leries may be covered with a layer of fine concret}a‘i 1 inch thick, k
on expanded metal which is nailed to the ground sills. »
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To prevent the roof of a dug-out leahing 1n shattered chalk, all shell
holes above 1t should be filled 1n 50 as to develope a slight mound
14 Ventiation —Ventilation 1s best assured by asdopting type
#B*» for men’s quarters (Plate 158, Fig 2), and, m hig systems,ygy
siting the kitchens so as to assist ventilation
Vertrcal shafts, when used, should be utihized as Litchen flues and
sited_accordingly = In chalk, sound earth and clav  holes should be
bored to the surface to take hitchen flues and to assist ventilation
Ep}ccnl precautions must be taken to prevent gas entering bv the bore
W)
15 Bunking —A  method for a 9-foot chamber 1s shown on Plate
158, F3g 2 11 provides a scat and 4 blank wall for hanging bat
Bunhs should be 6 feet 6 inches by 2 feet  This governs the length
of the chamber  The cubic air sgace availible allows for three tiers of
bugks 1 chambers B feet wide, but only two tiers 1n chambers 6 feet
wide
156 Gas curtains —(Plates 157 and 158) Gas protection 1s dealt
with it Sec 66
17 Protection agamnst grenades thrown down the entrance —A wire
netting screen placed a few feet down the incline prevents the grenade
going down the ineline or causes 1t to rebound into the trench Bomb
traps should also be constructed at the foot ot all inclines The bottom
of these should be about 3 feet below the level of the floor of the gallery
18 Working parties and footage —The usual worhing partres excla
gxse of those employed 1n disposil of the spoil on the surface, are given
elow —
Inclines
1 man picking .
1 man filling sandbags
1 man carrying for each 10 feet of entrance
Progress for each shift of & hours sheuld be about 2 feet 6 inches

Galieries
1 man piching ?
1 man bagging Reliefs for men 1t fice
1 man assisting
Nore —Two rehiefs are necessars 1f a tair advance 1s expected
Progress for each shift of & hours should be about 3 feet, and ap
proxumately 300 bags for ewch shiit nill be produced N

Carrying party,
1 man can carry 100 bags slong 100 feet of gallerv for each 8 hour
shift

1 man can carry 100 bags up 10 feet of entrance for each 8 hour shuft
The best method 1s to work in relavs evers 30 to 40 feet of gallers
and evers 5 to 7 feet of entrance

Chambers
No 1 Method

1 man prehing in pilot gallers
1 man filhng i pilet gallery
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“

Unless speed is of first importance this gallery is driven in advance,
Progress should be 4 feet for each shift of 8 hours,

Provided the pilot gallery has been or is being driven:—
Men employed on chamber face:—
2 men picking.
4 men filling bags, setting and supporting timber. These men
provide reliefs for pick men. .
Progress for each shift of 8 hours should be about 2 feet 6 inches,
and approximately 560 bags will be produced.
Carrying party calculated ss above.

No. 2 Method.

2 men picking.

4 men filling and timbering, who relieve picking men as they tire.

Progress for each shift of 8 hours should be about 2 feet, and ap-
proximatoly 450 bags will be produced.

Carrying parties caleulated as above.

Surface party.—The number of men dumping depends on nature of
dumps and distance of carry.

1 man can earry 100 baps 200 feet in 8 hours on surface under ordin-
ary trench conditions.,

Labour underground can he economized by the use of trolleys and
windlasses.
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PART IV.—COMMUNICATIONS

CHAPTER XV
CROSS COUNTRY TRACKS, ROADS AND TRAMW A1S

107, Cross country trachs
1 Cross-country tracks are made for the following reasons —

1 To relieve congestion on main roads by taking all foot and
horsed traffic off them at any rate in dry weather, and so
leave them for those vehicles which cannot go across country

1 To avaid villages and other shelled areas these are sometimes
called * avoiding ’ trachs

n To improve and shorten communications generally

All trachs must be reconnoitred, pegged out, roughly levelled,
draimed, and provided with signposts at frequent intervals Battery
Ppositions and conspicuous pomnts which draw fire must be avoided

2 Marking of tracks,—All trachs must be well marked, so as to be
eastly followed, both by dav and by mght

Tracks can be marked 1n the following ways —
1 By posts

1 By notice boards

m By a tape hine

th Posts should be pamnted wiite Halved pichets pamnted white on
Iy ¢ sawn face, or serew pichets to each of which a tag of Canvas has
een tied may be used

' Posts should be spaced at 20 vards wnterval thev should be closer
ogether 1t corners and difficult places If both wides of the track are
n;arked, the posts should be phced opposite each other in pairs, not
i“‘%crwxse A horizontal wire or tape should be fised between the
ops of the posts, the wire should have short Jengths of tape tied to 1t
ot 4 feet or 5 feet imtery als, otherwise men will not see 1t

b Notica boards —Notice boards may_be substituted for posts  They
ave the adyantage that each one can be marhed with the name, letter,
or number of the track, and ‘ - black

letters on a white

round black
ground For lnfangry track of the
ground, for mule frachs the hes or

thev will bo knocked over by the passing loads

£ “Up” and “Down * trachs must be clearls marked and the na
g a1y places near which the trach passes should be mark
0ards elearly visible from the track
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Tapes.—Tapes are only a very temporary expedient; they are soon
obliterated by mud, and should not be laid earlier than the afternoon
before they are required; they cannot be relied on for more than 12
hours, unless they are raised from the ground. This can be done by
running them through the eyes of screw pickets. They are of use to
troops on the night afier an advance for marking the way from the
company Headquarter to battalion Headquarter and from battalion
Headquarter to tracks leading to the rear.

Lanterns.—Screened lanterns are useful at junctions and important
points. They can be made with candles or small oil lamps in perforated
biscuit tins with calico shades.

Maintenance of posts and notice boards should be done by the track
wardens, detailed for the purpose.

3. Cross-country tracks are of three kinds:—

i, For men,
ii, For pack animals.
iii. For horsed transport.

4. Tracks for men.—The most satisfactory track is one made of
¢rench boards. Trench beard tracks should avoid mule tracks, or the
temptation to lead mules along the trench boards will be irresistible.

A trench board track should bhe 3 feet wide to enable men to move
along it rapidly on a dark night without risk of falling off. A one-way
track should first be completed; as soon as possible, this track should
be duplicated to give an “up’’ and a ‘‘ down ’’ route; the tracks should
aot be within 200 yards of each other; direction boards must be erected
at the terminals and at all places where the tracks cross lateral routes.
The number of tracks required depends on the tactical situation, bub
two pairs (i.e., two ““up’’ and two ‘“down’’) for each brigade front
should suffice.

Lateral communication between tracks should be provided, especially
in hearvily-shelled areas.

In crossing ridges, the track should be laid in a trench of a sufficient
depth that men do not show against the sky line. Trench boards should
be laid on 3-inch by 12-inch transoms bedded in the ground; if laid on
trestles, they are much more liable to damage by shell fire, and men
fall off the track at night. Trestles, hewexver, are necessary 1n swampy
ground, in which case they should be raised from the ground but kept
as low as possible to'give an even track,

To prevent slipping, stout wire netsing should be carefully fixed.
No. 8 or No. 10 S_W.G. wire has also been found satisfactory. Ib shpu]ﬁ
be well stapled dewn in a diamond-shaped pattern 6-inch to 8-inc
mesh. Expanded metal arld ‘‘ rabbit netting’’ quickly wear out an
then cause men to trip.

In sandy seil, a quickly-made and efficient track may be ob_tained by
spreading out rolls of wire netting (2-inch to 1l-inch mesh) directly on
the ground and pegging firmly dewn.

When brushwood is available in the immediate vicinity, ma;‘shly;
grgund may be crossed by means of brushwood mats, made of 1-nc
rods.

Permanent track wacdens must be appoinetd te repair damage. t

5. Tracks for pack animals should be made at the same time as the

tracks for men. They consist of an earth formation on the best grour}ljg
available; the route which imvelves the least earthwork shoul

<hosen.
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Two single tracks are better than one double ome, but they should
be clearly visible from each other and connected by switches at fre
quent intervals in the same way as trench board tracks (sce para 4)
Loops should be made at all dumps

Infantry trench board tracks should be avoxded (para 4), specia}
duck boards for mules with 1} mch decking may be provrded

The formatron should be 4 to 5 feet wide for single traffic, or 8 to 10
feet for double If less than 4 feet wide the mubes wil) slip off

Shell holes must be cleared of water before bemg filled 1, otherwice
the filling will always be a soft place m the track

Surface drainige must be provided by means of a dstch on each
side of the track discharging into large shell holes box drams should
be put 1n where necessary

Mules’ feet are small, and, » wet weather, readily smk mto soft
ground rendering 1t 1mpassable in a very short time The followng
methods have been found suitsble for crossing boggy patches o
ground —

1 Fascines, with a laver of earth on them ¥o prevens shoes being
ulled off
n Hurdles
mr Corduroy of logs
1w Beech slabs 111d on longitudinal runners

6 ‘Fracks for horsed transpors can be nsed‘b\v veluc!cs: m 'ﬁne
] * - =

weather only, an ort
distances to ave - tice
boards where th T - are
sumlar to trach tard and
marked out on 1 '

When making 2 trach across trenches bndimg shoul? be resorted
to onlv when absolntely necessary, e o, when the trench must be kept
open or 1s too big to fill

When the trach crosses a trench obhiquely, 18 may be necessary, for
the sahe of speed te make the track iIn the first mstance, at right
angles to the trenches In such cases the track should subsequently be
made straight as soon as posstble  These crossings should be made with
cordurov or fascines Vwheel guides and handruls should be provided

If o track crosses 1 road, n length of 3D yards on exther side of the
r;nd shlt!mld be 1ud with fascines to prevent mud being carried on to
the roa

108 Roads
General principles —The object of n road 1s to present a hard even

surface for traffic stone
or hard woods " s}
turn into mud 1 " 8 of o
road should be fi - .

To present an even surface the road must have good foundations,
otherwise time and traffic will cause settlements and depressions
The foundatrons mav give way by bemf too weal,, or by the failure
of the earth formation befow  They should be composed of a laver of
large stones, 9 inches thich, which traffic will not hammey 1nto the
carth formation
-



418 [Chapter XY. Sections 108 & 109.

-
The earth formation below the fr i i i
: ation undation nay give way by peltin
;xntttvrln;:;!;:-d):,\n)'i r.nn]; In. mnu]lw Lept dry by lohyitudim‘\f dfni%q th%
witmm of which are below the lowest part of the founduti X

camber of the formuation. e ton and by the

(21 y .

The surfare of the road js kept dry by the camber, .. by making
the enntre higher than the sides, so that rain is ot once thrown off;
otherwice water will lodge in ruts and holes and soak through the sur-
face and foundation into the earth beneath,

109, Metulled roads.

1. 'Me,mllcd roads.—The operations of construeting a road are—

i, Peg vat eentroe line,

ti. Mark out ade drams,

ti, Throw the earth exeavated from the drains into the centre of
the road, <o as to torm the camber, getting additional earth
1 onecesary 1eom bortow-pits outside the drains, Ram this
carth (Plate 159, Fie, 1)

v, Lay toundations, or soiling stones, by hand, carefully packed,
fint forgetting the vuter wall of soling stones laid in a trench
to prevent the toad spreading (Plate 158, Fig. 2). Soling
to be 8 to ¥ anches thiek, according to the subsoil.

v. Lay broken stones or macadam (2-inch to 23-inch gauge) in
dauch lavers, and roll well in. If possible, lay a second
suntlar laver and rell well in.

vi. Fini-h oft surince by rolling in <tone chippings, gravel and, at
the very end, n little sand,

vit, Put i Ganch sm«ts close up to the haunches of the road to pre-
veent traflie baving the metal, !

They must be at a slope of 6,1 and should be whitewashed.

2 mi, Camber should be 1,30 to 1 40. Too much ecamber is very
inconvenient to wheeled trathe, eaustng 1t to slip off the road.

ii. Templets (Plate 159, Fig, 1) must be used in making the earth
formation and in laying and rolling road metal,

iii. Single-way traflic requires a minimum width of 9 feet of road
metal; double-way traflic a minmmum width of 18 feet.

iv. On a single-wayv road, pasang places, 30 yards long, must be
made at intervals of 30 vards. With a double-traflic road on a hill-
side. pickets 4 to 6 mches 1 diameter should be driven in every 6 feet
on the outer edge with rough plank revetment to stop the road spread-
ing (Plate 159, Fig. 3. .

v. As the centre of the road takes the most traffic and gets most
hammering a greater thickness of metal can be put there than at the
sides and the camber thus be improved.

vi. Roads on sloping ground must never be graded to drain right
across from the higher to the lower side of the slope. They should be
cambered in the usual way and, when necessary, hox culverts provided
under the road to evacuate the drain on the uphill side (Plate 159, Fig.
3).

Where roads cross drains, catch pits for silt should be made in the
drains to prevent them from becoming blocked and flooding the road,
The catch pit should be made well clear of the road and above it and
should be protected by fencing or a strong cover.
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1t should be large enough to enable a man to get into 1t to clean 1t
aut, and 1ts depth should be at least 2 feet belaw the outlet Catchk pits
shotild be revetted with timber, corrugated iron, or more permanently
with brick

They should be cleaned out pertodically and invariably nfter heavy
rain

3 After o sevore frost, thaw precautions, 1 ¢, suspension of heavy
and fast trafic, are necessary on all metalled roads on which there 13
much traffic, these precantions may lst several days

A frost followed by a thaw has a tendency to disintegrate the
material of which & roadway and its foundatjons are made, with the
result that the rondway would break up under heavy and fast traffic,
chalk 1s especialiy hable to this process of disimtegration

4 Maimntenance.—FEvery road requires o small maiatenance party o
1t will s00n go to preces ~ Small neglected ruts become endbrmous holes
under heavy traffic in o few days  Water ond mud left on the surface
of roads quickly destroy them

5 Repairs and ymprovements.,

1 Many roads are developments of old tracks, and i consequence
are “sunk '’ roads Thev are watercourses instead of watersheds
{Plate 160, F1g 1)

This type of road requires reconstruction to re-establish the dramage
Thus can often be effected bv one of the methods shown on Plate 160,

Figs 2and 3

n In clay country the clay, 1z wet weather, works up through badly
made roads and destroys them

This can be prevented by a G to ¥inch luyer of chalk beneath the
foundation of the road, this chalk should be well rammed until 1t 1s
smooth  8mall broken chall 13 better than large hard pieces as 1t
c?nslnh’dntes better tins chalk forms n seal Sand may be used 1m place
of chal

m When widening existing country roads 1n a elay country dig out

LUL BL38 LI @ HILULS LIILK) MUY B€RI AL Lie SuMLy,

The treatment 1s the same in the case of roads pared with setrs,
which are always laid on sand (Plate 163, Fag 1)

v Ruts —Cut the rut out square, 1f the fourdatian of large stoze
113 been destroyed, replace 3t by hand packing selizg <*ore and then 1zt
and ram the surface layer of macadam 1Tn elav ec32izy, be 3mefs? o
renew the chalk layer beneath the foundation whsoorer 1t shows sy
of destryction  Shell holes require smmilar trezize: Plzte
g )  Never cut awny the earth berm of a roed eve= 3 12 3 hrm.
mud, without unmediately replacing it w-th 17k o seza. Tr g
a void for even 24 hours will cause great dsma e o B medslinl mer
by alloming 1t te spread

v In taking over the mantensnoe of zz emwooy = wyeesTie? yom. 3
poor conditian the lolloxing 1s the cxfer an mrerer ex worp~——

{a} Establish logitudinal s33e drzom onl o wuds oy o 2
anks of earth, mud 222 = nr %0 =z o wme el ST
off the road Never £ 2vry Tne wrvin Twmms
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(b) Sweep mud and water off the road into the side drains; use
brooms for this, not scrapers or shovels.

(¢) Deposit all solid mud, debris and spoil clear of the drains and
on the far side. '

(d) Repair the worst ruts first by cutting out square and filling in, as
explained above, taking care to ram well.

(¢) If sufhcient stone is available restore shape and camber to the
surface. To do this, treat half the width of the road at a
time, length by length. Pick up the surfaces with pick-axes,
spread macadam to the required thickness and section (using

- o templet), and roll well in. _Unless the old surface is picked
up the new layer of stone will not key into the old and will
soon break up.

(f) Xf it is found that the road is worn concave and that the chalk
foundation has disappeared, it will be necessary to cut out a
fresh camber in ihe subsoil and reconstruct the road on this
(Plate 161, Fig. 3).

03
6. Craters.—The deviation made found a shell or mine crater to allow

traffic to pass in the first instance, must be made clear of the debris on
the lip of the crater. This debris is required for filling in the crater.

To fill in a large crater:—
i. Remove all sludge or water.

ii. Fill to within 1 foot 6 inches or 2 feet of the surface with alter-
nate courses of filled sandbags and rammed dry earth; or
fill with rammed dry chalk. The use of sandbags for this is
not economical.

iii. Then lay a slab roadway, as described in Sec. 110.

Tightly filled sandbags covered with wire netting or expanded metal
on which is placed 3 or 4 inches of road metal will form a practicable
road for lorries. ’

Whatever hard material is available, e.g., broken bricks, chalk, etc.,
must be reserved for filling the top portion of the crater; the bottom
part should be filled with softer material. \

- A method of dealing with small shell craters is described on Plate 161,
Fig. 2.

7. Causeways are used for road crossings over small streams, where
bridging operations are unnecessary.

A causeway consists of (i) a culvert to carry off the water (ii) a
filling of earth or other material to bring the surfaces of the road.to
its ‘correct level. .

i. The culvert may consist of—

(a) Bundles of brushwood, fascines, large stones, etc., where only a
temporary crossing is required.

(b) 12-inch wooden box drains made of 2-inch timber, which is
generally procurable.

(¢) 2-foot or 18-inch corrugated iron culverts which give the strongest
form of drain,

(d) Barthenware or concrete pipes, which require care in bedding
and time to lay. -
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The size of the culvert required depends on the width and veloaity of
the stresm, and the amount of water o be carried off, full allowance
bong made for floods

The culvert should be 1a13 on a firm and level bed, siightly above the
original level of the bed of the stream

Wing walls aro required to prevent a false passage of water

The inlets of small culverts must be protected by screens of wire net-
ting to prevent them from bemng chaked

1 Earth filhng —When the culverts have been Imid soil 18 thrown
an and well rammed until a height of 6 wnches above the correct leve} of
the raadway 1s reached, this will allow for settlement

The sides of the earth filling should be 1/1 and must be revetted as
the work proceeds mith timber and poles (Plate 162)

A sleeper or corduroy read as detasled 1n the next section s Jaid
down the wadth of the fop of the causewav bemng 15 feet and the road
w3y 10 feet 1n tho clear

Handrmls and curbs should be added

8 Plate 162 shows the details of a causeway capable of carrying a
tank  Handrails and curbs are omitted

110 Slads, sleeper and corduroy roads
1 The rosd may ho —
s A smgleway road
n A mngleway road, which 13 to be doubled when circomstances
permit
t1 A double-way road
A single way road is 10 feet wide and a double-way 1 2D feet wide
Slabe, sleepers and logs are usually supphed 1n 10-foot lengths
Slabs are of hard wood (beech) 2 inches thick, sleepers are 3 to ¢
nches thick, usually of fir, corduroy of round logs spht in two
2 A double-way track must provde—
v A {mrdb surface, which 13 provided by the hardwood used e g,
eec!

1 An sren surfsce which must bo ensurcd be sufficrently strong
and well drained foundations
3 To ensure dramnage—
v The roadway must be abore the general level of the ground
1 Sidedrains must bo cut, snd
w Burface water must be thrown off by raising the centre of the
TTr e g f = £ of sufficient Iayers of faseines, or
the trafie from bammering the
wavy  The foundations an fact,
The finshed comber should be
rather less than witn Wwelnued 1osus, about 1740 to 1760
5 4 doubls corduroy or slab roads ° ‘ v iste 161,
Tig 3 —
1 Teg ony centro hino
11 Mark out eide drains
.
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Tramways should, 1f possible, be run on grades that can be taken over
by the hght railways, thus ensuring s httle break as possible 1
communication

2 Types of tramways —There are two types of tramways, the 9 1b
60-cm  track with steel sleepers and the 201b 60-cm track with steel
sleepers, or a combination of steel and wood sleepers The former type
13 used for push tracks or mule haulage and the latter for power
haulage

91b or 201h track means that the rails weigh 9 lbs or 20 lbs,
respectively, for each yard length of single rai

Both types of tramway are supplied by the mile, and include ~ pro-
portion of curved rails and turnouts

3 Description of track —9-Ib track 15 made up in the following
proportions for each mile (Plates 163 and 164) —

No of Sactions Tength Weght
Ttem a eeporafor  for each for each for each
each section m e mle eection.
metres i ou
500 m straight eections 5 290 145) 65
250m straght sections z 61 100 33
250 m curved sections 2 43 10 33
Tuornouts— {
Raght hand ) 6 3 10
Left hand [ 30 130
Tons
Total for each mi'e 1370 212

The rails are secured to the sleepers by means of hook or clutch bolts,
which clamp the flanges of the rails to a lug or plate which 15 riveted to
the sleeper (Plate 163, Fig 1) .

T e v

The curved sections are all of 15 metre (49 feet 8 inches) radius (Plate

168, Fig 3)

- T ate 163, Fig
+ assembling
so that they
tting cloang

rals
Turntables are spectal stores which must be ordered sen~rtely
They are 4 feet in dinmeter for trucks whose wheel® ~ter

than 3 feet 4 inches Turntables should be la:d at
track to obviate cutting closing ralls
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4. 20-1b. track is made up in the following proportions for each mile
(Plates 165 and 166) : —

No.of | o, ¢ ! ' WeisHT For
i Sections | Length .
Item. fl00pSts | for ench | for eack _ TACH SECTION.
acction, | wile. { mife. Type A, ' Type B.
! .
: metres. kitos. « kilos.
500 . straight sections .1 O 210 1030 265 ' 190
250 1. straivht sections ! 0 104 260 141 108
2:50 m. curved seotlons, , 3 40 00 141 108
30m d -
500 m  eurved sections, 0 1) 50 263 199
30 m rad !
500 m. curved scotions, o 20 100 +65 199
30 1 rad. :
5(0 wm. cenrved sections, 9 10 . 50 265 199
100 m. rad ‘
Turnouts— -
Right-hand . . . 5 375 516 546
Loft-hand . | 5 375 | 346 546
! . Tons. | Tons.
Total for each mi'e | 1,635 : 91-3 719
{
4

Typs A (Plate 165, Figs. 1 to 4), used only in bad ground, consists
of 20-1b. rails secured by bolts and clips to steel sleepers (Pfate 165),
5 for each 5 metre length and 3 for each 2'5 metre length, and these
sections are laid on wooden sleepers and spiked thereto—4 wooden
sleepers for each 5 metre length and 2 for each 25 metre length.

Type B (Plate 165, Fig. 5) consists of 20-lb. rails secured by bolts
and clips to steel sleepers, 9 for each 5 metre length and 5 for each 25
metre length, . {

The sections are joined together by means of fishplates and bolts—4
bolts to each pair of fishplates, the bolt heads always being placed on
the inner side of the rail to prevent the flanges of the wheels striking
the nuts.

The 20-Ib. turnouts (Plate 167) are issued in three pieces and are
made right and left-handed. A right-hand turnout is one which bran-
ches off to the right when viewed from the switch end looking towards
the siding or frog end.

In order that mules can haul trucks without damage to the track,
““mule walk *’ grids can be laid on the sleepers (Plate 168). Mules must
not be allowed to walk on the track unless these mule grids are provided.

A somewhat lighter form of grid can be substituted when only man
haulage is used.

5. Location.—Lines to be located are marked out as nearly as physical
features of ground permit in straight lines from point to point with a
maximum gradient of 2 per cent. (1 in 50), or, if quite unayoidable, 3
per cent, (1 in 33), and the sharpest curve for 20-1b. track, 80 metre
radius. This sharp radius curve should never be used if it is possible
to put in a curve of easier radius. In 9-Ib. track the only standard
curve provided is 15 metre radius, which is suitable for the traffic which
it is intended to carry. .

"The shortest line is not always the quickest to construct or the easiest

to operate.

s
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.
A thorough 1econnaussance and stahing out of the hne should 1lwavs
be done well 1n advance of the earth work
The following pomts should be noted —
1 Tahe fullest advantage of cover from enemy observation, even
1 1nvolves a detour, or 3 d m
{u1)
Bogs, marshes, oblique crossings of streams and roads Jong
cuttings must be avorded
Avoid localities such as eross roads and promment objects which
atiract shell fire
1w All grades should be in favour of the Joad
Tracks must be sited to swt the standard curies provided, 1 e,
30, 50, and 100 metre radius and with 81b track 15 metre
+1 Main lines in forward areas should never go direct to large
dumps, batteries or headguarters but should connect with
these delivery points by means of branches or spurs at least
200 yards long
Lines should never be constructed along the sdes of a road
surface It leads to congestion of traffic and damage to the
ne
vm  Lines should always be located with a view to drammng of for
mation level 1 e, they should not go up the centre of a valley,
but should be constrieted a hittle up the side slopes
¢ Construction —1 A convenment stte must be selected for taking
delivery and assembly of the trach From this {J{umt the complete
sections are transported over the newly formed track to the track Jaying
party
In laying 91b track in forward areas the partics should be kept as
small as possible, and  bunching ™ ehould be avorded
A typicalsdistribution for a party of 32 men 18 shown below ~

1

“

2

— \NCOs Men Too 8 an1 etores
a) Prepaning ground 1 11 | Shoves 12
{0 Prepanng gron ik 3
Ls lhgoka 3¢
Axes fe liug an
Ware-cutters 26
) Loating and pushn g 1 9 Pash trohes 4
{e) Car; n1) 1 ¢ | Spanme-s 4
ying anllaying I §pam s
2

| Hammere 6-'b

100 to 150 yards an hour ¢an be Jud by this party if matenals are
delivered at the near end of the hme

The above 12 for o maximum uch af 500 vards  Ad1 ® men and s
tral(;ov for eich 200 vards to this paric for Jonger pushes than 500
yards

A typreal Qustritution for a party of 100 men to lav 20 b track s
shown on nest page

® Peyoured 10 fpecial cases on ¥
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\
_ sllji'lcl"é(d)i'ng;. Men. Too's and Btores.
i
(a) Forming formation level .| 2 N.C.Os. . 60 Picks . .2
Shovels . 30
Wheelbarrows . 8
) Laying track . . | 2 p'atelayers 10 Steel crowbars . 2
' Spanners 2
Beater picks 4
(c) Carrying track sections .| 1N.C.O. . 20 ! Pugh frucks 5
(d) Assemiblng track . . | 1 Fitter . 10 ' Spanners . . 8

This party of 100 men should lay 100 yards of -20-1b. track an hour
under normal conditions: this does not allow for ballasting.

ii., Passing points should be allowed every % mile.

iii. In the first instance, as little earthwork as possible should be
rndertaken, and the line laid on the natural ground and opened to
jraflic as soon as possible. This line can then be improved as labour
Jecomes available,

iv. Provided that drainage is properly developed, tramways for light
rolling stock should not require ballasting. A wuseful roadbed can be
made of chalk if available, provided it is thoroughly well drained.
Shell-holes should be used for drainage purposes. .

v. In passing over very soft ground, the steel sleeper can be supple-
mented by wood sleepers, and in the worst cases raft track, as shown on
Plate 169, can be used.

)

vi. Three typical cross sections are shown on Plate 170 for the cases
of construction on level ground (Fig. 1), embankments (Fig. 2), and in
cuttings (Fig. 3), respectively.

vii. Road crossings should be constructed with wood sleepers, to enable
guard rails and 2-inch longitudinal planks to be spiked to them (Plate
171). When crossing roads which carry heavy traffic, 20-1b. rail should
al\}iays be used, even though the track is otherwise constructed of &:1b.
rail,

7. Maintenance.—A tramway track in operation requires frequent
inspection; at least once in every 24 hours, and also after every bom-
bardment.,

Repairs must be made immediately they become necessary.
The points to be looked for in ordinary inspections are—
i. Bad packing, water lying on track, rails not at correct levels or
alignment, sleepers buckling.
ii. Adjustment, cleaning and draining of points and crossings.
iii. Clutch bolts, in the case of 9-1b. track, and fishplates and clip
bolts in the case of 20-1b. track, working loose.

Materials for maintenance and repairs to track should be d'istributed
for use of the maintenance gangs at convenient points for quick access;

i
{
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and should always include a proportion of currez Al salied track
materzal should be collected at the same pomts ax  returned on truchs
which have conveyed up new material

The quickest way to repair 4 line which has been cut ?ly a shell or
bomb 13 to eut out the 4 d rail sections intete and repliace by
new rail A large shell hole 1s best dealt with ov dmverting the track
round it, a small one, by filhng or bridging with tumber or steel, as
svatlable

& Contro} of rothng stock —lssue and despateh of truchs must
always be controlled at loading pomts The senior man in charge ot
the haulage party should sign for the trucks as rsued by the traffic
control N'C O, and should alse report and explain all brenkages and
deficrencies when he returns

The trafic contro]l N CO should be m pussession of 2 copv of his
orders and duties He should at once report to higher authority any
non comphance with traflic standing orders 1w order that the efficiency
of b1s section may be mantained

9 Operating Jorward tramways —To ensure the efficient workmg of
STt e U@ w e b b mmmand b o afBase ool mea dma 2,

» 1y

such ss gurders, ete
The officer 1n charge tramways must nsist upon the following rulez
being carried out —
3 Haulage parties must be detailed 1n addition to working partice
1 Riding on trucks 1s forbidden
ut Empty trucks give way to loaded truchs
v Damaged truchs must be returned to the tramway centre
An effictent system of reporting bretks w the lines, ete, must be
arranged
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exposure a3 16 ahsqrbs mosture reachly, and 1t should not be left 1 8
damp place for any length of time, except i the damp proof tins

++ = byt bemng rather slower

ase of mined charges,

a powder, 1t must be

laced 1 _a comtainier, Wi w _es requiring accurate

gxmg and close contact I'or this reason and from the fack that its

shattering effect 15 rather less 1t 1s not so well adapted for demohitions
of this nature as gun cotton

’ = end avtensively comn eraally for
actured m several
ete Tt 1s usually
per nd packed 1n
be used after ex
- nakes 1t dangerous
to handle Dynamite freezes at du 2« « 15 frozen at higher
temperatures lete d £ £y ble with frozen dynamite
T'rozen dynamite ean be distingmished from unfrozen, because it 18
harder, more brittle than plastic and of a shghtly hgﬁter colour 1t
should be thawed before use but this 1s a dangerous operanon' an
should be left to experts

Dynamite T& ¢ = awa tha most vowerful explo wvos 1
practical use 1 than
gun-cotton n-cotton
or ammonal, =pecially
adapted for use in_small boro-holes snd hdtiv  auw & t Bpaces
where 1t would be difficult to fit o charge of gun cotton

3 Other exp N other hagh )l used commer

cially may become axnlable on service  The mode of action and method
o{' use of such will, however, 1n general be mumilar to those described
above

4 Methods of fing —Explosives may be fired by —

1 Safety fu e —The service safety fuze No 11 consists of n tram
of gunpowder 1n a waterproof covering and 1s pached in flat
cylinders contatning 8 fathoms It burns at tle rate of about
2 feet o minute but as this rate 1s liable to vary 1t should
be cheched befure use by buuil , o fuswsurud kength and tim
mg 1t Safuty fuze will Lurn unde™ —atc™

n - = ho frad from n distance,

the eleetrae deto:
1c1l methods of
fuilv 1n Ahtary

13 Auxzihary explosives—primers, defonafors, ete

1_Fulminate of mercury 1s a highly sensitive and violent explosive,
too dangerous to use in any but very small ¢ +
with shight friction or percussion and readily on wme
to the Intter fact that it 1s used in the form of
for the detonation of bulh esplosives bv
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2. Detonators.—Two forms of detonators are used for explosives on
service s —— .

i. The No. 8 detonator for use with safety fuze. It consists of a
cylindrical copper tube, 2% inches long and L -inch in
diameter. The lower end is closed and 1% inches of the tube
is filled with fulminate of mercury composition; the rest of
tho tube is left open to receive the fuze. The fuze placed in
the open end of the tube burns down to the fulminate,
ignites_it and causes it to detonate. No. 8 detonators are
ggmted red and are packed in red tin cylinders containing
25.

ii, The No. 13 electric detonator. This is a fulminate of mercury
container like the No. 8, to which it is similar in action, but
the method of igniting the fulminate is electrical,‘anci ex-
plained in Sec. 115.

Detonators should be stored separately from other explosives, handied
with great care and never left lying about. No attempt should be made
to tamper with the fulminate of mercury.

3. Commercial detonators.—These are used commercially and are of
various sizes and strength. A No. 8 commercial detonator is the same
strength as a No. 8 service detonator, but it will not fit the service
primer. In cases where No. 8 service detonators are not available, No. 6
commercinl detonators should be used. These will fit the service primer,
and, although of half the strength of the No. 8 service detonator, are
sufficiently strong to fire a service primer.

4. Primers.—The few grains of fulminate composition contained in
a detonator are not sufficient to detonate unaided wet gun-coiton and
certain other stable high explosives. The detonating shuck set-up by
the detonator, therefore, has to be amplified by a primer of explosive
more sensitive than wet gun-cotton which acts as a medium of detona-
tion hetween the detonator and the bulk explosive. !

The service primer is made of dry gun-cotton.

5. Dry gun-cotton.—Dry gun-cotton is empressed nitro-cellulose
without any additional water. It is very inflammable, burning with a
fierce hot flame. If exposed to the sun’s rays for a long period it may
detonate spontaneously. Gun-cotton primers are issued in the form of
1-0z. tapered cylinders, provided with a hole in the centre for the recep-
tion of the detonator. The whole is coated with paraffin wax to keep it
dry. The primers are packed in sealed tin cylinders, containing 10
primers.

6. Fuze, instantaneous, detonating, consists of a tih tube %-inch in
Hdiameter filled with high explosive (melinite or T.N.T.). To use the
ifuze it must be detonated; its action is practically instentsneous, It

will not detonate if ignited. .
The principal uses of fuze, instantaneous, detonating are:—

i. To fire a number of charges simultaneously when firing by safety
fuze. It may sometimes be used in the same way in conjunc-
tion with electric firing to avoid complicated connections
and circuits.

ii. To avoid the use of excessive lengths of safety fuze, which would
otherwise be required in certain demolitions when firing by
this method, ¢.g., mined charges.
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The method of & g fure, 1nst , & , 15 shown
on Plate 172, Fig 1, two primers and a No 8 detonator with safety fuze
sre required

The explosive 1n fuze,
posure to air before using
be cut off The ends of
hkely to be left 1n charge
good method 18 to cap them with a No 8 detonator

Bharp bends 1n fuze, instantaneous, detonating, must be avorded as
the continmity of the explosive 1s liable to be broken and failure resuit
The fuze must be carefully examined for this defect before use

detonator

118 Mahing up and fizing charges

1 General principies.—In making up and fixing charges the following
pownts are ymportant —
1 AN portions of the charge must be in close contact with each

1n The charge must cover the whole surface to be destroyed, and
be 1n close contact with 1t
11 The charge as a whole must be firmly fixed to the object to be
destroyed
2 Connscting up primer, detonator and fuzo,.-1 The safety fonze ix
cut to the length required to pve time to get to a place of safety after
1t 13 hghted The end to be inserted in the detonator 1s cut straight
acrosa, the other end is cut on the slant to expose & larger surface for
highting
u The straight cut end of the fuze 13 then carefally 1zse~*ed 1n the
open end of the detonator and pushed gently bome so ttat tte end of
tho fuzs 13 1m contact with the Tee det
should be held at the open end, and with the dosed end pezsirz avar
from the body The open end of the detonator 1s then re=‘Ir pizeled
on ta the fuze with » poir of phiers to meke 1t grip 2= &2 prevext 1
being withdrawn  Care should be taben that no presszre s put o3 the
closed end contaming the fulminate
1t The primer should 1o tested to receive the Jetmmysre; 3¥ oo tmur
sn the primer 1s not large enough 1t must be exlyrre? P mmeawe
“rectifier 7 (a wooden teol made for the pwpres |, of os b
large, paper wmust be wrapped round the drtrmp! o oo mogym g+ 523
On no account 1s force to be used to got the i
scrowing or twisting 1t 1s particularly de-perome
3 Protection of charges —Charges exproa® or e yagel e soocd =
\ protected apunst damp and sun  Gresm Smroecee of 3 oo
‘be obtained by enveloping 1t 1n oiled sk = I g mamaners T Y
or & piecs of tarpaulin cover can br mer. Ty peergme com e
the detonator and primer, they theriE 3p wwmm s« gl = 5
itk pnd sccurely tied before anwertsor smor Laza,

"
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If instantaneous detonating fuze is used, it should be lashed at right
angl}ggs to 1the No. 8 detonator outside the oiled silk, with a foot spare
at the end. -

If the charge is-to be fired electrically, a No. 13 detonater, alse
enclosed in oiled silk, should be similarly lashed at right angles to the
No. 8 detonator.

4. Gun-cotton charges.—A detonator with primer, buried in a con-
centrated charge, will detonate all explosives within a radius of 4 feet.
In the case of an extended charge at least one point of detonation for
each 10 feet run should be provided. Close contact between slabs is
elssgntial. and the primer must fit tightly into the tapered hole in the
slab.

In making up gun-cotton charges for demolishing walls, arches, etc.,
it is often convement to lash the slabs to a board which can be fixed
firmly to the object to be destroyed. A hole is drilled in the board to
enabloe the detonator to be inserted from the opposite side.

Timber packing and mud or clay are useful to secure close contact i
fixing gun-cotton charges for the destruction of girders.

The * bag, gun-cotton, waterproof,’”’ which is an article of store, is
used for demolitions under water or in damp places. It is a rubber bag
with a wide mouth, provided with a wooden clamp for sealing it. The
wooden clamp has two grooves cut in it, to permit electric leads or
safety fuze being passed into the bag. Waterproof bags of this descrip-
tion holding 25 gun-cotton siabs or 25 lbs. of ammonal, form part of the
equipment of engineer field umits. '

A gun-cotton slab can be detonated by fuze, instantaneous, detonat-
ing with the aid of a gun-cotton primer only, with which it must be in
close contract. A simple method of firing slabs with this fuze is that
shown on Plate 172, Fig. 2.

5. Ammonal charges may be fired by detonating :—

i. A slab of gun-cotton fixed in close contact with a portion of the
charge.
ii. Two or three turns of fuze, instantaneous, detonating, wound
round a tin of ammonal.
ili. A detonator and primer buried in a portion of the charge. In
the latter case, if the charge is in a damp place, a waterproof
bag should be used as the container.

Ammonal re-acts chemically with copper and will gradually eat away
the tube of a detonator, rendering its withdrawal after any length of
time a dangerous operation. Method iii should be used only when it 1s
intended to fire the charge at once.

In emergency a detonator without primer is sufficient for the detona-
tion of ammonal, but the explosive effect obtained is not so great.

In large charges ammonal may be left in the tins in which it is
issued. The ammonal will detonate through the thin walls of the tins,
provided the lattor are packed in close contact.

For small charges ammonal may be placed in sandbags or water-
proof bags. For rails and girder demolitions, preserved beef or tobacco
tins offen make suitable containers. Placing the charge in a tube of
strong eanvas is a good method for_certain demolitions; the flexibility
of the charge is its chief merit.. For bore-holes, stove-piping joined
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together, and 1f necessary waterproofed, makes an excellent container,
A Ganch pipe will take 10 Ibs to 11 Ibs of ammonal for each foot run.
6 Dynamite charges.—A dgun cotton primer 1s not required for the
detonation of dynamite, a detonator or, 1 cap i
2 S ¥

' at one end and
the detonator,

s then inserted

he fuze to hold

-y

If dynamite requires ramming, as 1 a borehole, each eartridge
should be syueezed gently into place with a wooden rammer, the fuzed
cartridge being placed 1n last The usé of an 1ron bar for ramming s
dangerous

" oNp e temg p BV en d semntewe et T 1l .

g 3)

The severe jerh set up in the instantaneous detonating fuze on
detonation, tends to displace 1t, the fuze should therefore be secured
firmly througt 1ts length Hy to the charges 1t 13 to detomate
Lengths of instantaneous detonmating fuze 1m contact or close to each
other should be separated with n board, as one may cut the other with.
out detonating 1t and cause failure

8 Lighting safety fuzes —The simplest method 15 to_use matches,
the match hend should be held against the powder in the end of the
fuze wiuch has been cut on a slant, and ignited by stniking the hox
on 1t

Patent friction hghters may be wsed, but they eauly get damp and
are not therefore very rehable They fit on to the fuze which in this
case should be cut slantwise If several fuzes have to be lighted i
quick succession a port-fire may be used It 1s an article of storo and
consists of o stich of slow-burning composition with a wooden handle
It can be it with a match, and to be put out should be Lnocked against
the heel of the boot A cigar 18 n useful method of lighting charges It
should be brought to a sharp, clear pownt, free from ash; or o match-
hend should be pressed on the open composuition, and the aigar or
oigarette be appled to this

9 Mobile charges —Condittens do not always permit of the charge
being made up on the - * e
mformation of the ob)
may be adapted accorc R . . —
made up in box forme¢ - -
for one man to carry 1
stout handle and two or more separate he
Patent highters, being quicker to operate
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means of ignition for mobile charges, but matches or fuzes should be
carricd in addition in ense of the failure of the former,

10. Tamping.~—The tendency of all explosives is to act along the line
of least resistance,  Tamping is material placed round a charge in order
to increace the explosive effect.  Sandbags filled with carth are the
materinl usually wsed for tamping, High explosives are so rapid in
action thnt where they are in close confnet with the objective, as in
n rail or girder demolition, they anccomplish their object without being
enclosed on the expared sides.  Thus tamping in such cases, though it
inereases the effect, i not ns a rule, necessary,  On the other hand, in
the casr of minedd charges tnmping is essentinl as otherwise the main
force of the explosion will pass down the gallery.  The gallery in mined
charges should therefore be tamped for o distance cqual to twice the line
of lenst resistanee,

116, Firing charges electrically.

1. General remarks.—Charges on service are fired clectrically by
menns of electric detonators, connected up by insulated eable, the usual
source of enerpy being the service exploder.,

. In the following description of apparatus and methods employed, it
is n:lt:umed that the theory of continuous current electricity is under:
stood,

9. The dotonator, eleotrio, No. 13, Mark 111, consists of a copper
tube containing fulminate of mercury similar to the No. 8 detonator,
but enlarged nt its upper end to receive an ebonite plug. Two short
copper leads, insulnted with a rubber covering outside the detonator,
arc pnssed through this plug 4 inch apart. The ends of the lead inside
the dectonator are connected together with a piece of fine
iridio-platinum wire just above the fulminate of mercury. On
a current of sufiicient strength (not less than 08 amperes) being
passed through the copper leads, the fine wire is raised to
a white heat and fuzes, thus igniting the fulminate of mercury
and causing it to detonate, Tho head of the detonator is painted
white, and the tube containing the fulminate of mercury red. The
detonaters aro packed in tin cylinders (25 detonators in each), the
upper halves of which are painted whito ana the lower red. Detonators
fired by an exploder must always be connecred up in series in & circuit.
g‘léo lolectricnl resistance of a No. 13 detonator at fuzing point is

-6 ohms.

3. Insulated cables.—Any insulated cable may be used provided its
clectrical resistance is not too great. The cable especially designed for
domolitions in the field and normally available on service is the cable
electric E,, Mark II. It consists of 6 copper and 1 steel strand cover-
ed with vuleanized india-rubber and coated with compound. It is issued
wound on wooden drums. The clectrical resistance of the E,, Mark IT
cable is 1-31 ohms. a 100 yards.

4. The exploder, Dynamo, Electric, Mark V is contained in a
woodon box 13 by 8 by 6 inches, painted white and fitted with a lid whgch
can be locked. It consists of a dynamo operated by a handle, whick
converts mechanical energy into electrical energy. Tt is fully described
in Military Engineering, Vol. IV,
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To use the exploder, the handle 1s pulled up as far as 1t will go, and
the leads of the exrcuiy d to the expl ls The down-
stroke of the handle turns the dynamo and thus generates a currenf,
which 1s at 1s maximum at the bottom of the sirohe, when 1t flows
through the leads The handle of the <xploder should be forced down
as swiftly and smoothly as possible

If 1n a good condition a Mark V exploder will fire Ao 13 detonmators
m a ciremt the total resistance of which (mdudmi that of the deto-
nators) 1s 100 ohms  Where, however, an exploder has not been tested
to ascertain the actual resistance through which 1t wili fire, 1t 13 unsafe
to rely upon 1t for a circwit of more than 40 ohms resistance This
figure1s given 1n order to allow a good margin of safety for any defects
1n the working of the exploder

- Detarled tests for exploders are given 1n Military Engineering, Vol

The approximate resistance of a eircuit can be estimated by adding
the total cable resistance (I 31 ohms a 100 yards of E,, Mark ¥I'cable) to
the total resistance of the detonators at fuzing point (2 6 ohms for each
detonator) If the resistance of the circuit thus ascertained 15 beyond
the power of the exploder, 1t must be reduced by using fewer deto-
nators, duplicate cnbles, or cables of lower resistance, ot by using Fuze

to connect the charges

To ascertain roughly if an exploder 13 1n working order a No 13
detanator should be connected up to the terminals and fired The deto-
nators should be placed in an iron box or under o sod so that they may
do no harm when fired -

& Jointing nsufated cabfes —The jonting of insulated cables 15 a
most 1mportant operation, since a badly made joint may be the cause
of failure [t should be carried out as follows —Strip off 2 1nches of the
wnsufation of each cable, open out the stranded wires and clean each
thoroughly by scraping with the back of a kmfe, take great care not to
nick the wires 1 downg this_ Cross the ends of the cables thus cleahed

T4 s ~schann an Plate 177, Fig 1, and bend them round each

- = TSs tvan ar fanr complete

. stnch them

ubber tape

th}? xﬁ}zhﬁr

. e 3T say 4, shou! e

stretched as 1t 1s applied  \win the joint has been covered with one

layer of tape, the rubber should be smeared with rubber solution and the
tape wrapped on i successive layers until used ug, each layer bemn;

smeared with rubber solution No solution should be allowed to roach

the bare wires of the cable

Defects 1n the insulation of cables may be dealt with 1n & sumilar
maganer, Rubber tape and solution form part of the contents of the
boxes testing and jointing carried by engineer field umts

.- . . b= duod ¢ warmalle enffimant sxeent
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whould be connectad up iy series to the ends of the circuit to be tested.
The 2obm. woil of the salvanometer should be used in testing for
<outimnty.

[ all"important work the detonators and cables chould he tested
wparately tor continuity hefore being connected up as well ag the whole
wircuit when land,

Detatled te ts dor electric firing circuits are given in Military Engi-
tearing, Vol, 1V,

T._Connecling up and firing charges eleotrically.—The following,
therefore, are the steps to be taken ;e

i. The cables, having been tested for continuity, are laid out from
the charge to tie seleetad firing point.  The ends of the cables

at the firing point should he L:!m'cd in charge of an N. C. 0.

aud the exploder box kept locked.

. The eable ende at the charge are now connceted up to the
detonator leads.
. The detonator, previously tested for continuity, is placed in the
" : $ Ly .
charze. The precautions laid down in Sec. 118, 2, as to fitting
the ditonator into a primer must he observed.
iv. The whole circuit is now tested for continuity as described in
para. 6 above,
v, 'l‘lw_MpIO(Iur box is unlocked; the handle raized and the ends
nf the cables made fast to the exploder terminals,
vi. To tire the charge the handle is pushed down swiftly and
smoothly,
Where soveral charges are to be fired simultaneously the
procedure ia similar.  The detonators are connected up in
serte~ by lengths of cable as required.

o
punind

Tau
—

~ Diazmrawms ol eircuits for testing aud firing are shown on Plate 177,
s, o and G,

8. Conumon causes of failure,

i. Broken leads.—The leads used in demolitions carried out in the
resence of the enemy should, if possible. be buried. Two feet of earth
1 adeguate protection against bullets and small shell splinters, and 7
feet from shell fire.  The cables should not be subjected to undue stram
at any part of the circuit.  Special care should be taken where they pass
through the tamping or round corners.

ii. Badly-made joint, causing a high resistance and thus preventing
suflicient current flowing through the circuit to fire the detonators.

iil. Bad insulation of cable or joints, causing leakage of current. .

iv. Faulty exploder,

' v. Defective detonator. The iridio-platinum wire may be broken.
This, however, would be detected by the continuity test. Detonators may
also be over- or under-sensitive (sce Military Engineering, Vol. IV). The
No. 13 detonator is, however, carefully tested hefore issue and is most
reliable.

116. Alternative methods of firing.

1. The chiof merit of safety fuze as a method of firing is its simplicits
and the fact that, once the charge is laid, no apparatus other than a

fhox of mutches is necessary to fire it.

H
[
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1
it. Jmpairing an enemy’s re<istance hy the destruction of captured

communitations which ceannot_be permanently held or mate.
rinls that ennnot bhe removed. as, for instance, in a raid
(offensive).

iii. Dectructinon ol obstacles to fucilitate the advance of our own
tronps toffenzive),

2. The following points should be considered when selecting objectives
for demolition : —i. The exceution of a few complete demolitions at points
in enmmunications where there is no alternative route will delay the
encmy more than a number of demolitions each of which can be quickly
repnired ar circumvented,

ii, Subject to the conditions stated in i. the folloving are the most
suitable points of attack on rommunications (roads and railways): —

(1) Bridges, culverts and tunnels,

{1) Cuttings nand embhankments,

(¢) Road and railway junctions, level crossings and cross roads.

. (d) Causewnys passing over low-lying or marshy cround.
iii, The possibility of effecting destruetion by means other than ex-
plosive should not be overlooked. This is especially important where
the explosive available is himited, as, for instance, in a raid. Wooden
bridpes and stores may be burnt, certain materials rendered unservice-
able with water, machinery disabled with crowhbars or by the removal
of indispensable parts, cte.

3. Reconnaissanoe.—The importance of thorouch reconnaissance in all
demolitions cannot he over-estimated. IHaphazard and promiscuous
methods without a clearly-defined plan cannot produce good results.
Whenever demolitions are to be carried out on an_extensive scale, a
comprehensive and well-considered scheme should be drawn up, in which
due weight is given to both tactical and technical features. Individual
objectives should m\‘arm‘ﬂy, in so far as conditions permit, be carefully
examined hefore the details of the method of destruction to be employed

are decided on.

4. The extent to which demolitions are to be carried out in_an
operation will be laid down by the higher command. The responsibility
for ordering demolitions should be delegated to commanders of infantry
brigades or other formations whose units are in contact with the enemy.
Officers (or N. C. 0s.) in charge of demolition parties must be told whe
will give the actual order as to when the charge is to be fired (sce Sec.
110, 9, . S. R., Vol. H, 1924),

5. Deliberate and hasty demolitions.—To effect the complete demo-
lition of a structure requires careful reconnaissance, ample time for the
preparation of charges, and conditions which will permit of the fixing
and firing the latter without serious enemy opposition. Where these
conditions do not prevail, procedure on these deliberate lines cannot, be
carried out. It will then, as a rule, only be possible to aim at effecting
partial destruction ; the most rapid and easily-executed method of attack
having to be adopted in preference to that which will cause the most
damage.

Demolitions may, thercfore, be classified broadly under the headings
of ‘¢ deliberate *’ and ‘‘ hasty.” Tor example, the destruction of one or
both abutments by mined charges is normally the most important opera-
tion in the deliberate demolition of a girder bridge, while time would
only permit of the destruction of the main girders in the case of a hasty
demolition. Tt must be borne in mind, however, that the gquantity ol
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losives avalable may also prove a hmiting factor as to the method
g?:le:;nexchon adopted ythe problem presented bemng 1n all cases that of
effecting the maximum damage to the objective mn the tyme avmlable,
and with the means at disposal

118 Calculation of charges

1 The weight of explosive (untamped) in pounds required for various
demolitions can be calculated from the formulm in the following table
They are equally applicible 10 gun cotton or dynamite 1if ammenal 1s
uss(f they must be doubjed In these formuln —

B=length to be demolished 1n feet
T =thickness to be demolished 1n feet
f=thickness to be demolished 1n inches in the case of steel or wron

plate only
Object attacked Lbe Remarks
Maeonry arch  haunch or 1BT \
crown Continvous charge
Masonry pier 1BT
Masonry wall over 2 feot }BT: Continnons charge The length of
thick breach B not to be lesa than the
herght of wall to be brought down
Walls under 2 feet thick require 2
1be & foot run
Hard v;ooi (esctangular see 3BT )
tion.
For gott woods thesg chargesway be
Hatd wool {mrenlar section} 3T ba ved
Hand wood anger hols im
Iron or steel plate $B# s on mches (NB A ssb of
gun cotton will cut a steel pata 1
inch thiek )
Reinforced concrete 5t020 BT |Ac ording to amonnt of re nforce
~ ment  Mayor portion of charge
Blnced whero  renforcement 1
caviest (1¢ on fower flange in
case of pirders )
Stael w ro cablo 4 waches 1n € |C 18 circumference in nches
crcumferance and over 16 Cables nnler 4 inchedin citcum
forence require 1 1b o cut them

Masonry inclndes concrete, stone or brickwork Tamping will 1
crease the ‘effect of the above ¢l arges  Charges placed hurriedly under
condifions where they cannot bo examined properly after being fixed
should be 1ncrensed by a percentage (say 50 per cent ) to allow %or bad
contact ete

2 Mined charges —The method of calculation of mined charges to
Qrodum craters of mn\-m;; diameters 1n different soils 13 laid down 1n

Qilitary Fogineering Vol IV The following table, however, gives the
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weight of ammonal or similar high explosive required in hard chalk.
For ordinary demolitions it will be found sufficiently accurate for use in
all soils; in softer ground larger craters will be made.

Ammonal charge in 1bs.

! DIAMETER OF CRATER.
Depth to cenfre of

charge in feet ,
{ 30 feet. | 40 feet ; 50 feet. | 60 feet. | 70 feet. | 80 feet.
, 1bs. 1bs. ! 1be. ) 1bs, 1bs. 1bs.
5 feet T 360 ! - — - —
10 feet . ! 170 390 | 750 1,260 1,950 2,900
15 feet . . 190 420 800 1350 2,056 3,000'“
20 feet . . 210 460 | 830 1,400 2150 | 3300 "
25 feet R - 490 900 1,470 2250 3,250
30 feet . ; - | = 100 1,500 2,350 3,490

The formation of craters by means of mined charges makes a formid-
able obstacle in roads and railways, especially where deviation is difficult,
Tor mined charges, however, explosives in considerable quantities must
be available and their preﬁarntion entails the expenditure of much time
and labour. They are thus essentially deliberate demolitions. The
ruling principle as to the selection of points of attack'is laid down in
Sec. 117, 2. The charge should be placed under the centre of the road
or railway, and should be calculated to form a crater large enough to
remove the whole width of the permanent way or metalled surface. The
deeper the charge, provided adequate quantities of explosive are avail-
able, the greater will be the effect attainable. In many cases, however,
the depth may be limited by the presence of water. To lay the mine a
. vertical shaft is sunk at the side of the road, and a horizontal or inclined
gallery driven from the bottom of the shaft to the required depth under
the centre of the road, where a chamber for the reception of the charge
is constructed. It is best to place the chamber on one side of the gallery
to increase the tamping effect. It should be of dimensions to correspond
with the charge calculated. The charge is then laid and prepared for
firing and the horizontal gallery tamped with sandbags. Where the
charge is to be placed in an embankment the digging of a shaft is not
as a rule necessary, a horizontal or inclined gallery being driven from
the surface to the required position for the charge. In some cases, the
cellar of a house at the side of a road may form a convenient point from
which to_drive a gallery. The method of constructing shafts and gal-
leries and of laying mined charges is given in detail in Military Engi-
neering, Vol. IV,

The priming charges containing the detonators should be placed in
waterproof bags, even in apparently dry" soils, whenever the mined
charge is to be left in position for any length of time. In marshy or
water-logged soils it is often not practicable to lay mined charges, owing
to the difficulties presented in constructing the shaft and gallery and
of keeping the charge waterproof, ~
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In such cases waterproofed metal tubes filled with ammonal (as
described 1n Sec 114, 5) may be fired 1 bore holes made with earth
a;lxgers or borers This method 13, howeser, not so effective a3 o mned
charge

119 Demolition of wron and steel wor!

1 As gun-cotton 1s the most suitable explosive for such demolitions,
1ts use only 1s considered, but the principles laid down will apply where
other high explosives are used -

The formula% B 12 should be used in calculating all charges for iron

and steel work The charge must extend along the whele breadth of the
material to be cut, It thus follows that the mimumum charge of gun.
scotton 1s ome slab for every 6 inches of breadth tq be cut It 1s useful
to remember that bf the formula a slab of gun cotton will cut metal
T mch thick one slab of gun-cotton will cut a first cfass steel rail
{Plate 175, Tig 33
{n carrying out the destruction of metallic substances (guns, garders
cails, ete ) at should be remembered that fragments are hiahle to be blown
,000 yards er more away from the spot where the demolition 1s berng
carried out
2 Girders —There are so many different forms of girders 1n use that
«t 93 1mpossible o lay down rules for ther destruction which shall be
applicable 40 all  The engineer must be prepared to use s own judg-
went

Tn demohishing girders there 1s, 25 a rule, difficulty 1n obtaimng
proper onmtact between the charge and the metal owing to the presence
of rivet heads  The best method of meeting this dufficulty 15 to fill the
spices between the rivet heads with clay and include the depth of this
layer 1n the thickness to be cut

All murders are made up of a top 1nd bottom ¢ flange *’ connected by
a “ web " consisting of continuous plates 1n plate girders or of open
<ress braeang in braced girders

With plate girders, the most economical method of destruction 1s to
place continuous charges across the top 1nd bottom flanges and the web
The weight of the cherges, sufficient to cut through the metal 1n each

case, 15 caleulated from the formula LBt This method, lowever,

wnvolves the simultancous fiting of three separate charges, moreover,
<ifficulties 1n fising them to the girder mav often anse Normally,
therefore, the best method of destruction of ordinary plate girders 13
that shown on Plate 113, Fig 1  Separate charges arc calculated for
the top and bottom flanges and the web

Plate 173, Figs 1 and 2, and Plate 178 Tig 1, show three different
methods of fmng charges to n girder Circumstances will determine
which 13 the best in each case

In calentating the chargo for t* -~
angle irons 11 considered, as allow
tho destruction of that portion
junction with the flanges ~ ¥f the
one siab for each 6-mch length to
noss exceeds one inch, the charge must be caleulated from the formula,

O a1

3
,_,—B £ For the fanges the charge 1s ealeulated from the formula, ¢ 18
taken as the maximum thickness of flange plus rivet © '
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N

breadth of flange in feet. To allow for the fact that the charge is not
placed continuously along the’ flange and for the additional explosive
required to cut the thick porlion of ihe web at the junction with the
flange, the charge arrived at from the formula must be doubled.
Example: Girder, Plate 178, Fig. 1.

i. TVeb.—Thickness of web=% inch, i.e., under 1 inch.
Therefore one slab for every 6 inches will suffice.
Length of web between angle irons=27 inckhes.

No. of slabs required for web=5.

ii. Top flange.—~Maximum thickness t=4% in. (flange)+3 in. (angle

iron)-+3% in. (rivet head)=14 ins,

<

Breadth B = E feet.
12
2 3. 15 _(3)\2
T B3=1x - = 40 3
S 2><!2><(2) 43 1bs.

.. Charge required =8-4 1bs. or 9 slabs.

iii. Bottom flange.—~Maximum thickness t=3 in. (flange)+£ in,
(angle iron)+% in. (rivet head)=1% ins, !

Breadth B = 1: feet.

1
3 3 15 (132
L Bad="x Z)Y =35
"2 2x12x(8) 5 Ibs.

.. Charge required will be 10 1bs. or 10 slabs.

In the case of braced girders a suitable point along the girder must
be selected at which to cut through all the members. Charges must then
be calculated separately from the formula for each member, i.e., top and
bottom flanges and the web bracing.

3. Hasty demolition of railway girder bridges.—For hasty demoli-
tion of railway girder bridges when there is not time to measure the
section of the zirder, the following formula will give sufficiently accurate
resuits within the ilimits stated : —

L2
C~
where C=charge of gun-cotton in slabs (1 1b.) including the allowance
of 50 per cent. for the presence of the cnemy.
L=length of girder in feet.
D =total depth of girder in feot,

This formula gives the charge required for one girder of single line of
standard railway. The charge must be placed near an abutment and be
divided up and fixed to the girder in the manner described above.

The formula is applicable to girders of spans varying from 20 feet to
80 feet. Where one girder has to bear the whole load of a line of rail-
way, e.g., two girders carrying a double line, or a centre girder carrying
half of two single lines, the amount given by the formula should be
doubled. This will, however, give rather more than the necessary charge,

4. Guns.—To destroy a gun with high explosives a shell should be
loaded in the ordinary way; the charge necessary for the destruction of
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the gun should be pached behind 1t 80 as to be 11 close contact with the
shell and with the sides of the chamber

After the ansertion of the finng arrangements the charge should be
tamped with earth or other smitable material to heep 1t In position

The breech should be closed as far as possible, just allowing room for
the safety fuze or electric leads for finng the charpe A shell 13 not
absolutely necessary for destroymg & gun by this method, but 1ncreases
the effect The charge required is cafculated by the fol{'nwmg rule —
“Tor a 3inth gun use 2 1bs and double the tharpe for every inch
én{:ge'_\,se sn calibre, € g, for o 4 inch gun use 4 Ibs , and for & 5anch gun,

x4

If explosive sn bulh 15 not available, a gon may be destroyed by
ghcmg a lugh explosive shell in the brecch and detonating 1t, after first
locking the bore
Destruction may also be earried out by placing an obstruction in the
bore 1n such a position as will ensure it being struch by the fuze of a
switablv fuzed H 11 shell when fired A reversed H E shell, surtably
fuzed, ptaced 1n the muzzle will suffice

The gun may be fired by means of a long lanyard from under cover

A length of telephone cable attached to the firtng iauyard 1s smtable
fot this purpose

120, Demohition of build tochades, efe
Build are hest ,.- ed by plaang charges of

egplosine 1n the interior, ngportmg
walls on the ground fioor should be
closed  For small Lnich o room
will generally be sufhicier 20 1bs a
room The charges shot - waly  Feor
large halls, theatres, ete construe-
tion the demolition 1n de » the most
effective method of destr 1th cellare
the charge should he pl: enemy 13

presented with 2 ready made dug out

For hollos towers such as are found on the North West Frontier of
Indw and other countries, the humber of pounds of gun-cotton 1s given
by the dinmeter of the tower 1u fect plus four This charge should be
buried in the base of the tower

2 stockades.—The charme of hugh explosice required to effect a

hr:ach m 2 stocknde mav be calculnted roughly from the following
ata -
Stocknilul:f earth between timber up to 3 feet G inches thick requires
s

n foot run of breach ~ A heavy rayl stocknde requ
7 1bs a foot run of breach 3 rul stockade requres

3 Barbet-wire entanglement.—For cuthing o passage through a
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neous detonating fuze should be run through the length of the charge to
ensure detonation throughout,

4. Timber posts, trees, etc.—The most cconomical metfiod of destroy-
ing posts, trees, ete,, with explosive is by making an auger hole to just
beyond the centre for the reception of the charge which is calculated
from the formula ¢ T3,

Piles which are to be cut off under water at their base are best dealt
with in the following mauner, The waterproofed chorge is attached
to the pile above the water by a picce of wire rope, wound round the
pile sufficiently loowe <o that the whole will slide down the pile. A stick
up which the fuze or leads are lead is attached to the rope ring, and the
charge is pushed down in position below the water-level {0 where the pile
enters the ground.

121. Demolition of bridges.

1. Deliberate,~—DProvided an adequate supply of explosives is avail-
able, the deliberato demolition of a bridge will involve the destruction of
the following : —

(a) One or both ahutments,
tb) The intervening piers (if any).
(¢} The main girders,

(@) Abutments.—If the abutments of a bridge are destroyed, the
difficulty of repniring it is much increased. Thus their destruction is
normally the most important operation in deliberate bridge demolitions,
especially when no deviation is possible.

The usual method adaopted is the laying of a mined charge as described
in Sce, 118, 2, sufficiently close to the abutment to blow it down, at the
same time as the crator is formed. The most suitable position and the
weight of the charge will be governed by the strength of the abutment
walls and other conditions. The following rules, however, will be found
to work well in most cases (see Plate 174, Fig. 55.

i. If ““b " js the breadth of the abutment, the charge should be
placed in the centre of the abutment at a distance *“ e ”’ frem
the outside face of the abutment equal to 3 *“b.”

ii. The depth of the charge ““ h ' should be between 11 and 1} times
“e¢’ and in the case of masonry bridges at least as deep as
the springing of the arch at the abutment.

i1i. The weight of the charge may be calculated from the table
given in Sece, 118, 2. but in this case the depth of centre of
charpe is taken as “ e.”’ and the diameter of crater desired as
“h." If ample supplies of explosives are available, the
charge thus calculated may be increased with advantage up
to 100 per cent. in order to produce a greater range of dis-
ruptive effect on the abutment foundations.

Example.—It is required to destroy the bridge shown on Plate 174;
Fig. 5, which is 28 feet wide:—
.. b=28 feet.
and e=14 feet.
Depth of centre of charge—

= 12 to 1} times 14 feet.
=171 to 21 feet (say 20 feet).
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From table of charges Sec 118 2, a crater of 30 feet diameter (b=28
feet) 18 produced at a depth of 15 feet (e=14 feet) by a charge of 190 Ibs
A suttable charge (1ncreasing by 100 per cent ) would therefore be 380 Ibs

(b) Prers —These are best destroyed by 4 series of mined charges
laced either 1n boreholes or chambers excavated from the mde (see
ec 47, 1 and Sec 49, 6, Mihitary Engineening, Vol IV, 1923)

If time does not permut of this methed, a cutting charge calculated
fram the formulx grven in Sec 118, 1 should he placed along one face of
the per  Where, however, the thichness of masonry exceeds 5 to 6 feet,
the employment of a cutting charge becomes unrehiable and extravagant
in explosive

(¢) Girders —The mawn garders w1l be brought down by the destruc
tion of the wbutments and pers, but 1t 1s 1mportant to ensure that they
are sufficiently damaged to render them useless for re erection They
shuulg therefore be cut with explosive charges as deseribed 1n Sec 118, 2

2 In carrying out all bridge demolitions 1t should be borne 1r mind
that the destruction of the approaches to a bridge by means of mined
charges may often be as important as the destruction of the bridge itself

3 Light wooden trestle hridges wath timbers up to 9 inches by 3 inches
may be burnt by using petrof or tar Heavy wooden bridges with trmber
of larger dimensions should be destroyed with explosives

4 Hasty —In hasty demolitions the destruction of the girders or
arches of a hridge 13 as o rule, all that can be attempted, while occa-
sionally conditions may permit of more extenstre damage being cffected
by the destruction of onc or more piers

The arches of & masoury bridge mry be attacked at the haunches or
a e e Tt PR gt Seloott Rhgio peiargihgihi

[
. (LI .

the under side of the arch so that the charge 13 1 closo contact with 1t
throughout the whole width of the bridge The hoard must be firmly
strutted up from below , sufficientlv good contact cannot be obtained by
trussing

Although time
of the destructior
Lines stated 1n par
te damage them .
tn or Lelund the .
sometimes be ove
to fornt n cavity
thus performed 1y = ¢ .
to carrv out 1f tho charpes can be prepared beforehand  Another
mothod, spectally smtable where the approach 12 an embankment, 13 ta
make ono or more bore-holes with an carth auger brhind the abutment
’r_r;asonry and to lo1d the holes with ammonal 1n steve.pipes (see Sec 118,
5.

P T [ Y

, 3 -
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122. Demolition of milw_ays.

1. The destruction of railway bridges and the blowing of craters at
selected points in the permanent way have already been dealt with in
Secs. 117, 118 and 121, Tunnels may be destroyed by placing mined
charges in the roof or walls, Ventilaling shafts often form a suitable
chamber for such charges. An alternative method of destruction re-
quiring less esplosive is to demolish a length of the arch-ring, the charge
required being the same as that for destroying the arch of a bridge.
Where the destruction of the tunnel is not desirable, an effective obstruc-
tion may be made by causing the derailment or collision of rolling stock
in it; the removal of ihe wreckage within the cramped space of a
tunnel is a difficult and lengthy proceeding.

Much damage to the permanent way, rolling stock and appliances of
a railway can be effected without explosives. The method of attack
must depend largely on the time at the disposal of the working party,
its numetricnl strength and on the extent of the damage it is desired to
carry out.

2. When a railway is to be interrupted, the first step in every case is
to sever or blogk the main lines of rails. As soon as this has been done,
points and crossings, as being the most important parts of the perma-
nent way, should be éestroyed or removed (Plate 175). The water supply
should then be rendered useless. Pumps and tanks should be destroyed
either with explosives or by knocking off rivets, etc., with a sledge
hammer and so causing leakage. All signals, both electric and visual,
should be destroyed.

Station buildings, as a rule, are not indispensable to traffic and,
therefore, not worth destroying; but workshops and repair shops should,
if possible, be burnt out and their fittings and machinery and_all other
technical tools or apparatus removed or destroyed. Fuel should be
removed or burnt. If rolling stock cannot be removed it can be rendered
useless by burning, or trains may be derailed, preferably over an em-
bankment or in a tunnel by turning a rail.

3. The simplest method of attacking the permanent way is to remove
or destroy portions of the line or lines at intervals, especially curves, If
sufficient explosive is available, destruction may be effected by firing a
charge of two slabs at each rail joint (Plate 176). This spoils the fish
plates and bolts, and either cuts or bends each rail. With steel sleepers
a good method is to dig down in the centre of the track underneath a
mid-rail sleeper and to place two slabs in the hole but not in contact with
the sleeper. The excavated ballast should be packed in as tamping.
The expansion of air, buckles the sleeper and draws the rails together,
at the same time twisting them outwards.

Permanent way may be destroyed without explosive by disconnecting
two opposite joints and overturning the track. It requires 30 men to
.start this precess, but once started, the spring of the rails will assist,
and it can be continued with rapidity by a small party.

Rails can also be damaged by making fires with wooden sleepers,
placing the rails upon them and ‘twisting them when hot. If the rails
are only bent, they can be straightened on the spot, but if twisted they
must be sent to the mill to be re-rolled before they can be used again.
To remove the rails the fish plate nuts should be unscrewed with a
spanner: if one is not available they can generally be broken off with a
hammer. The chairs should be broken off with a sledge hammer.
time and conditions permit the permanent way may be taken up an

\
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removed bodily 1n trains, but this requires careful orgamization and
large working parties and should be left to railway experts

4 When 11 13 desired only to disable rolling stach or instruments the
guiding, {)anlple should be to destroy or remove the whole sﬂpp‘§ of
one article essential to the working of the railway rather than to effect
promiscuous but mncomplete damage of several things The adoption of
this course of action dprevents a few complete units being formed from
the parts of damaged ones Locomotives can be rendered useless but
still repurable by tihing off the injector, the connecting rods, piston or
valve, carnages can be symilarly disabled b3 removing the strings so as
tolet the tods of the carnage fall on the wheels and axle
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. CHAPTER XVII

LAND, MINES, TRAPS, ETC.

1238. Tupes of mines and traps.

1. Land mines are explosive charges laid in the ground with the
abject of delaying the advance of an enemy, by impairing his morale,
destroying his personnel and transport, and interrupting his communica-
tions after the evacuated ground has fallen into his hands.

The quantity of explosive used will depend upon the purpose for
which the land mine is laid and may vary from a fow pounds to several
hundreds. Iigh explosive shells and trench mortar bombs may often
be suitably used for the charge in place of bulk high explosive.

Land mines may be divided into three classes according to the method
by which they are set in operation.

i. Contact.

.

ii. Ohservation.
iii. Delay action.

i. Contact mines,—These normally consist of a small charge of
oxplosive huried a few inches helow the surface of the ground and
contained in a specially designed box, or a shell, fitted with some form
of contact firing arrangement. The fatter is so constructed that pres-
sure on the surface of the ground caused by troops or vehicles passing
over it, sots it in operation and fires the charge. This firing arrange-
ment in_most forms functions by percussion or friction, the release of a
striker firing a percussion cap (just as a cartridge is fired in a gun) or
igniting friction composition. In some types, however, it may operate
electrically, the pressure on the surface closing a circuit and thus firing
the charge.

* The designs of contact mines which may be met with are very
numerous. A few representative types are described in Military Engi-
neering, Vol. IV, Extensive fields or belts of such mines may be lai
and_there is much scope for the skilful selection of sites where traffic is
likely to pass and yet where the detection of mines is difficult. The
mines should be so spaced as to render it practically impossible for a
wheeled vehicle or tank to pass through the belt without exploding one
of them.

It is, as a rule, difficult to conceal contact mines in the metalled
surface of roads. They may sometimes be placed with advantage on the
edge of roads where traffic is still likely to pass and where the surface
is, as a rule, more muddy and thus affords greater facilities for conceal-
ment. A ruse often adopted is to place an obstacle in the road and to
iay a minefield on each side of it where a deviation would normally take
place. A crater forms a specially satisfactory obstacle in such cases, a8
the debris scattered round it from its explosion serves to obliterate any
traces on the surface of the existence of a minefield.

s - . . . icity
ii. Observation mines are land mines which can be fired by electrici
from a distance when the enemy is seen to pass over them. They may be
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being stepped on. An attractive souvenir or trinket so attached tos
concealed charge that it fires the latter on being moved. A charg
placed in a chimney so that an esplosion occurs as soon as a fire i
lighted. Charges may be so made up that they are fired on the followin
actions : —the opening of a door, window, cupboard or drawer; switching
on electric light, pulling the plug of a water-closet, cutting or tripping
Qver 4 wire.

3. General remarks.—The making and laying of all land mines and
traps is a dangerous operation, and should be carried out by expers
Wherever they are to he used on an extensive scale a considered scheme
is essential; careful records should be kept of the position and natured
all mines and traps laid.

124. The detection of land mines and traps.

1. Mines and traps laid by a skilful enemy are most difficult b
detect, and their successful action can only be circumyented by 3
thorough and conscientious search. During an advance “the country
must be Systematically examined, whenever the enemy is suspected b
have employed these devices. Specially trained pa.vies of engineet
acting in close co-operation with the in{antry, should be used for this

purpose. They should be equipped with probing bars, electric torces
and wire-cutters. .

In searching suspected localities, contact and delay action mines m
be detected from the following : — ’ 7

i. Disturbed appearance of surface soil, breaks in the continully
of weeds, etc.

ii. S8mall subsidences in the ground; these are likely to be accel
tuated by rainy weather.

iii. Presence of spoil, explosive wrappings, boxes, etc.

iv. Foob prints in soil foreign to the surface of the ground, ¢4
chalk marks where no chalk exists on the surface.

v. Pegs or other marks placed in the ground without any obviots
reason.

- - . ) 1 i r
th Delay actlon‘mme?, since they require no contact making device e
e surface, are particularly difficult to discover.

. Where the enemy is using shells For the explosive charge, b s
‘bloln of a magnetic needle 1'1% the presence of Ii)ron may Sometlmus n
yaluable aid to detection, especially in searching walls of dug-o S o

buildings. In such cases ses i rovided wit
passes and dip needles, search parties should be p

. . of

. Search_parties should be carefully instructed in the various types 1
mines and traps which are likely fo be encountered. d
form is discovered, it should be reported immediately and & de&SC0
rendered of its salient features, By this means all troops f

warned quickly and sea 4 1 Cout for 49
the same type?, rch parties placed on the loo
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2 The removal or rendering harmless of runes and traps 18 a dan
gerous operation and should only be carmed out by experte  In some
cases the extraction of the firng devico and detonator may be effected
i o Rl A e A R e N sty
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APPENDIX 1V.

Tapue oF Trye AND MeN Requirep ror Tar Exrcuriox oF CERTAIN
BriveiNGg OPERATIONS.

It is assumed that:
i, The work is being cnrried out by day, under fair weather
conditions.

ii. The Ilnbour is trained R.E, personnel (except where otherwise
stated),

iii. Material 1s ready at site.
iv. The current docs not exceod 3 knots.
v. The banks and bed present no exceptional difficulty,

}

Operntion, Party. Time. Remarks.

v

i

Construct a petrol-tin pler for an Infantry 4 men 1 hour R.E. or Infantry Pioneers.
assault bridge

i

Construct a barrel pler of 54 gal. cagks . 16 men i 40 mins,

Lrect n stee] trestle . . . .| 12 men $ hour

|

Bridge a 50-yard river with—

(a) Light timber trestle bridglng .| GOmen 8 hours | Depth of water not exceed-
Pack Brldge) ing 10 feet, '
(b) Infantry assault bridging . . | 50 men f‘ 30 mins. , Includes carrying compleg

-7 bridge 600 yards 8D

! - launching, Bridge _8s:

! gumed to be assembled

' beforehand.

2 men for each pler, R.E. of
Infantry, ph‘n spare meq.

Assembling and lsunching steel stock- | 60 men 16 hours | Time necessary for abutmegg
span bridge (Martel box girder), 06 and foundation depen
« feet, 4 girders, on local circumstances.

S

Buildlng 120° medium pontoon bridge | 150 men 8 hours | 100 R.E. and 50 Infanéry.
with 250’ sleeper road approaches.
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APPENDIX VI

[ Appendix Y1,

7t ¢ e wty AL . -
Tanir Givineg Lusns ron May, G.8. Wacox axp 3-rox Lornr, For
Exciserming Stonns v Geseran Ust 15 THE FIELD,

Note.~The loads are
5. wagon at 1,900 Ibs., and a 3-ton lorry at 5,600
the load of » man may be increased to 40-lbs, and the

30 Igm. aG,
i:ood conditions,

based on fair conditions only—i.e., a man at

bs: ; under

‘gnds of a G. 5. wagon and s 3-ton lorry by one-sixth. Man loads to be
bundled ' hetorehand, whenever possible. ]

é Arth e
=
1 | Sandbags . ;
2 | WWire, barbed
tad s
3 Plckets, screw, long
4 e sy short
5 Plckets, angle, long
G " o mmedium
¢ " y» short
8  Pickets, brushwood, lung 9
4] E Plckets, brushwood short
10 | Wire entanglements
i {¥rench) bundle. .
- 4 g
1 Wire entanclements
i {¥'rench) staples,
- .42 ) Wire entanglements
R 2 . _{I'rench) spikes,
© 13 | Wire. galvanized, iron,
cofl.
14 | Wire, netting, rolt -
)
15 { Lxpanded metal, sheets .
16 | Corrugated iron, G ft.
sheets.
17 | Corrugated Iron, 7 ft.
sheets,
18 { Corrugated Iron, 9 ft.
sheets
19 | Felt,roll . . .
90 | Canvas, Besslan,voll .
21 | Canvas, rot proof, rall .
22 | A" frames (small), .

One
Dreccription man
tead
HBales of 230 ; weight, 50to 75
a6 Lbe .
No. 124,35.W.6.,130 3 ds., 1
32 Ib~.
No. 14, S.W.G., 170 yds., 1
32 tha,
b {t. 7 ine, fong 4 eyes; 1‘ 4
welghit 6 fhs,
21t. 13 ins. long, 2 eyes; ¢ 12
welght 29 1bs,
61t lung; welght, 13 1bs, 2
3 ft. 6 ins, long; weicht, 4
o 1bs
2 ft. Jong; weight, 43 lbs, 8
4

5 1t. Jong, 3} to $1ns dia- ]
meter ; wcight, 91bs.
211, 6 fns. long, 22 to 3-ins] 8

diameter ; welght, 3 Iba. |
Welght of cofl about 193 | 2 colls
1bs, !
Boxes of 300; weight, ! —
160 ihe |
100 welght 32 1bs. . . ; 100
No. 14, 8.W.G.; weight, ,’ 3 coils
56 tbs., 100 Ibs,, per mile
| 31t. wide, 50 yds. inroll; 20 yds.

weight, 80 1bs.

6 ft. 6 ins. long bv 3 ft. | 3 sheets
wide ; weight, 8% lbs.
In cases of 20 sheets. I

Width, 2 ft. 2 ins. ; weight,’/ 2
16 Ibs. !

Width, 2 ft. 2 ins. ; weight, 13
18% Jbs,

Width, 2 ft. 2 ins.; welght, 1
28 1bs.

3 it. wide, 25 vards in | 10 yards
roll ; weight, 851bs.

3 ft. wide, 110 vards In | 50 yards
ro}i ; weight, 70 Ibs.

5 it. wide, 120 vards in | 30yards
roll ; weight, 130 1bs, 1

Weight, 361bs. . .

- —

'ous f 3-ton
B A
| ‘
20 bales ; 60 bales.
001 20
’ 70 f 200
| 200 600
’ 500 1,630
V150 400
p 220 b 630
{ 440 1,300
} 200 / 600
i
600 1,800
100 coils | 275 coils
20 botrndles 55 }fl;‘ndles
12 boxes { 35 boxes
6,000 —_
40 coils 100 coils.
24 rolls; 70 rolis
200 sheets | 600 sheets
120 350
100 300
¢ 70 200
| 22 rolls 66 rolls
f 27 rolls 80 rolls
14 rolls 40 rolis
40 120
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[Appendix YI.

Taprr g1vineg Loaans ror Max, G.S. WacoN AND 3-ToN LoORRY, FOR
Excinrcenine Storns 1N GeNeran Usk 1N TrE FI1ELD.

Norr.—T'he loads are based on fair conditions only—i.e.
30 lbs, a G.S. wagou at 1,900 lbs., and a 3-ton lorry at 5,600

a

man at

ts: ; under

ood conditions, the load of a man may be increased to 40-lbs. and the

oads of n G

“ bundled ”’ bheforehand, whenever possible.]

. S. wagon ind a 3-ton lorry by one-sixth. Man loads to be

. 5 One G.8, i 3-ton
E Artlvle, i Description, man wagon ! Jorry
8 load. ‘ lond. | load.
= ! ! —_

i )

1 | Sandbags Bn{;gs of 250 ; weight, . , 50to75 |20 bales 60 bales.

. .
2 | Wire, barbed Nc&. ’llzlj ,8.W.G.,130 yds., ' 1 70 200
oo . . |No. 14,5.W.G,1i6yds., « - 1 0 1 200
32 Ibs, i
8 | Pickets, screw, long 5 ft. 7 ing, long 4 eyes; 4 200 600
“veight 6 1bs. .

4 . ,»  short 2 ft. 14 ins, long, 2 eves; 12 500 1,630

weight 23 1bs,

5 | Pickets, angle, long . ; 6ft.long; weight, 14 lbs, 2 150 400

[
6 »” ,» medium . | 3 1;)(115) fns. long ; weight, 4 220 ' 650
S,
7 s . short . | 21t, long; weight, 4% 1bs. 8 440 1,300
"8 | Plekets, brushwoed, long | 5 ft.long, 8} to 4 ins, dia- 4 200/ 600
" meter ; weight, 9 lbs, .
Pickets, brushwood,short | 21t, 6 ins. long, 2} to 3-ins 8 600 1,500
diameter ; weight, 3 lbs. . or
10 | Wire entanglements Wleli)nht of coil about 103 [ 2 colls 100 mc':mls ...5;0"5
(French) bundie. 5 20 bundles] 55 bundles
11 | Wire entanglements | Boxes of 300; weight, — 12 boxes { 35 boxes
(I'rench) staples. 160 Ibs.
J2 | Wire . entanglements | 100 weight 32 Ibs. . . 100 6,000 —
{French) spikes. ) o
13 | Wite, galvanized, iron, | No. 14, S.W.G.; weight, | 3 coils | 40 coils | 100 coils.
coll. 56 1bs., 100 1hs, , per mile o . M
14 | Wire, netting, roll .| 31t ;\'i}de,ss(;)l)!;ds. inroll; ; 20 yds. 24 rolls| 70 rolls
weight, s,
15 | Expanded metal, sheets . ; 6 ft, 6 ins. long by 3 ft. | 8 sheets | 200 sheets | 600 sheets
wide ; weight, 8% Ibs.
In cases of 20 sheets. * /350
16 | Corrugated iron, 6 it. . | Width, 2 ft, 2ins. ; weight, 2 120
sheets. 186 1bs. . 10 200
17 | Corrugated irom, 7 ft. | Width, 21{t, 2ins.; weight, 13 0
sheets. 18% Ibs. . 200
18 Corrhugated iron, 9 ft. WLdSt{]l; 2 ft. 2 ins.; weight, 1 70 =
sheets . 28 Ibs,
19 | Felt,roll . . . | 3it. wide. 25 yards in | 10yards | 22 rolls 66 rolls
roll ; weight, 85 Ibs.
20 ' Canvas, Besslan,toll . | 3 ft. wide, 110 yards in | 50 yards | 27 rolls 80 rolls
roll ; weight, 70 lbs.
21 | Canvas, rot proof,rall . | 5 ft. wide, 120 yards in 80yards |14 rolls 40 rolls
roll ; weight, 130 1bs. 40 120
22 | “ A frames (small} . Weight, 30 1bs. . . 1
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AepENDIX Vi—continued.

] Aricle \ Description ‘ i ‘ | =
& ] i load. 1033 pivel

| !
23 | Trench boards 615 long, welght, 321bs - 350 | 120352
2 | Timber, 415 by2in . ) F B, weleht,2tbs | — PR 3 2ENTXL
25 | Ttoaber, 9-in by S tn F R ,welght 9ibs — | PR 60T

26 | Planking, 1 -
g, 1 to. l Dependent on w2t ¢f ylaziine
27 | Planking, 13-fn. | »Sapplied by the foot run. it of scfl Toxer may be
Sekis 40 TS, por e S
23 | Planking, 2 in
2 | Pitprop ott ooz . ) Olns dameter, weight, |} — B ] @
9
30 | Pit prop, 9 1t long 9 ins dumeter, welght, —_ =
150 1bs 1
3L | Cement, cask 1001bs .. - s 1o
32 Sand — }mﬂhg Perh L Secones
Gravel — - -
¢ — » -
Larth —_ ” ! -
3 Corl;r\zzated stoe] shelter, s':x fme 142 for quan- - 3 1
ties
34 ) Corrugated steel shelter, —_ ~  1mIGE H
amall wuomry
2i=CE
vz
\
3> [RSJ 9t by 51n8 by | 1001bs . . 3 az =
i slns '
38 Nals—
Ll oy 200to11h |
24} 122ta1lp
| 3 2t011b
41, :m tollh
5o 0to 116 ]
| Gin. . Ittelld
37 ) Suples,No 83 W G 50to11b
|38 | shovely . Welght, S1bs . . i L4 <1 a4
3 [Pl , Welzht, 81ty , . ] 13 = i
40 | Tapes,traclng . lsoyadrolls . . _
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APPENDIX VIT. ’

. Prixecran Toors, Marrniwy, axp Stonks Sviranie ror Use v Trenn
LxaNeeriNg, :

The tools and stores provided for the peace instruction of regular
{raops in firld enpineering are as laid down in Section XV, and Appen-
dir T'l, FEquipment Regulations, Part I, 1928, Thr tools ard stores
forming war equipment of units arc similarly detmled in the various
sectinns of Part 11, Equipment Regulations, and in Mobilizafion Sfore
Tables (AF.G. 1008) or War Equipment Tables, 3

The following tahles of tools, materials, and stores are intended as
guides for ‘the selection and preparation of articles, suitable for wuse in
war, for sueh oprrations of field engineering as are drescribed or indi-
cafrd 1n fhis manunl,

The mrthod of obtaining supply of suel articles will follow the
instructions laid down in Field Service Regulafions, and Ordnance

Muanual (IWar).

The special cquipment required for the following enginery streices 15
nol inchwded in these tables, except in so far as certain articles com-
prised therein may be suitable for general field engineering purposcsi—

Fleetrical instrinnents and electric light stores.

Railican tools, plany and armoured frains.,
Survey insfruments and stores.

Demand and issue, except where otherwise stated, are *“ per article.”
The tables in this Appendix are:;—

1.—Tools, entrenching,

2.—~Tools, cutting,

2. —Tools and <tores. miscellancous

4, ~SQandbags; canvas, ote.

5.—Corrugated shelters and iron sheers, .
G.—~—Rolled steel joicts and rails.
7.—Posts and pickets,

8.—Materials supplied for camouflage.
9.—~Timber,

10.—Cordage,

11.—Bridging and boat stores.
12.—Wire and wire rope.

13.—Bolts, dogs, nails and spikes
14.—Water supply stores.

15 —Demolition stores,.
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Arrevpry Vil—continyed
Tasse } —~Tools, entrenching
Bection
Voab Desieoation. Detsit b?;;
v
States
2 A, plck, hesds ity and 8 ‘
1.3 ey o bne m'rnled and plain
ah Darrows, h\nd pier o o)
28 e i !ntxencmﬂx Waod wheol, Bat tyre
2 Crombors Fhisel and claw ends o1t 8l a1 i 448 01 20001,
MY
gg Phoks, miners, hndx g 4t nu steel
hejre
29D | picks, pushi o4 Wil fo (heart shaped l
«tnilh!lkhl ing
2B | Shovels, G § PRyt rivasl v S
25 . R E. 321as bebve, 2 ity .cur\sv]lnd!tuub
250 miners
290 ¢ o hetyes 16 ta 18 fn
mn apades, Marh 1Y an helve atralght of fus
Tasce 2 —Tools, cutting
Extion ! ‘
\oab wzaatlon Detalt Tow
of 4 ysued
Btoces |
‘
¥ Adzea earponters, bandled [FTN
2 Au«, xpp 33y nns betve 43 e °
EY s han i mlm hehe »lm 2oz .
2 \hhels l.uck N
2 w  Band, coly Mem mmus—. h lm, ilhssd it
wite
kd »  frmer Wond-cuttlag, blades 14 the to b dn
7 e e .
Z . Taam [ Tl
3 . ", . <.
wooo - R
7 i L} L] " -
K Pl F ? Sins and 5
o9, 8] te-cui . D8 Ap j
H Ry e E R e s AR L
H toidlag intenther cuse | 317 91nd | Lr.d 2RARGNS, 116 120t
3 . 2 ins
o Sefe, cold, tsrge . . lshs n‘:nue {ar catétag stacl whe
1 . saw,bast o N wereundsl
T j, % Pltadcroment | Crosssplke 'nn'a\'}'"”” dor
D Btonr,Pc . . . .| Fotteaping hooks, &: g




o
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Aveesmx VIi—continued.

Tanry 3.—~Toolr and stores, miscellaneous.

{Not included in Tables 1 or 2.)

Sectinn
in .
Yeosb Deslgn. tinn Datall How
N \
Storer. | lsaued.
|
" ! .\n\‘il\l(wnh hh‘ih) . . lewt, . . . . . s (
oD Ilars, boslng, and jumping, Nos,  Steel, octagonal, chjael end, [,
1,538,67 an'g CN rock, Dina, wlle, 21t 6 Ine, loru?r; g
A ne, whle, 31, 6 Inz, long ;: 23 Ins.
U owhle, 4t 6 Ine, Jong ;14 1y, wide, |
v it lonz s 1% inv, whie, 3 4t. Jong; |
» 14 Ins, wide, 4 18, long. !
b Bars, Lerlnm and jamplnz, Noe. ' Sterl, octagonal, chiscl polnted both |
§, 5, 9ani 10, ends, 1% fna, wide, 5 (t. 6 1ns. long ; !
1 in. wide, 7 ft, long ; 28 ins, wide,
5 ft. G o, long ; 2} Ini. wide, 7 ft. i
ong. )
apl) Hare, pinching (splhe and lever) P oaiu, 3t and 4 £t long, . . :
38 Blocis, tackle, G.3., malleable,  Slagle, doublo, treble, and saatch
enast {ron, galy, . ..(and stzo of cordage). '
oaD Blowera, Heltman . . With hose and seenches ; for ven-
tilating mjnes, &e.
ple3 §] Rsketa, miners . . . Tor matinz earth from shafts . R
20D Candlestieks, minets . . With bottom and side spikes . .
0D Chowees, (asciue . . . 2 four ft, levers and 4 ft. chaln .
H Forges, tield, 4.8, . . . ::hillhi. and poker, silve, tongs and
\ce.
20D (itapnels, lron . . . 2, 3,16, 40and 501bs, . .
7 Hamers, claw . . . 820z, 24 or.and 16 0z.- B .
7 T amiicrs, masons . . » 3 lbe, chilsel polat . . .
o0b Hammers, miners, boring . dand 7ibs, . . N . .
201 Hammera, miners, aledge . 14 [bs. . . . . .
204 . Jumpora, steel . . . For pﬁst lé)olcs, o ft. 9 ins. by 2 ins,
27 1h, 10 oz,
200 | Ladders, field telegmaph L 16 1t. 6 Ins. In 2 lengths .
20D ! Iadders, rope, miners . . 20,30and 501t. . . . B
N.LV. 1 Lampe, acetylene . . .t h\lle(lllnnd portable and ealcfum car-
! 1 e,
N.Lv. ! Lamps, electrlc . . La‘urg and portable snd spare sccumu-
ators,
11 | Lum{n. hurrjcane, Globe . -
L1234 Levels, F.8., Mk, LV, plamb bobs, caus
oA ,‘ Mauls, (i.8., with helves . KR N . . . . .
8D Rods, measuring, common .| Wood, 10 ft.and 6 ft. ruarked 3 ins.
20D ; Scrapers, mlners . . .6t i)_v $ in. with 2.in, diameter,
i scaper each end ; 6 ft. by 1 in.
| wi&h 1 in. diameter, scraper cach
end.
0D Serapers, earth . . LTt long ; O lbs. . . . .
7 Spsuners, sdjustable . . 113 ins. . . . - .
7 Spannerz, Melahon . . | 15 {ps. snd 12 ins. . . .
8D Tapes, measuring, metallic woven, In leather case, 100 f6. . . .
op Tapes, tracing . . . ] 50 yds. ; 1} Ins. white web . .
29D Trucks, mipers, elm . . 1 g9 1bs. ; for removiog earth in saps
and mines.
7 Vices, standing, 36-Ib. . . | Jaws % ins, wide . . .
12 YWinches, Nos.land 2 . m;%dtpowor winches, to lift 23 and
{ ons.
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Aerespix V H——continued
TasLe 4 —Sandbags, conias, eic
Sectlon I
In ove
Vourb Designation Detail o
o
Stotes !
————f — — e
*oa Canvas Tot-proof 5 51t wide 190 yds intoll |
130 Camvas Hessia i wite 1101 ol \
18¢ Cloth union, anti gas s wide 74 yards la roll -
0B overs waterproof  black or Slzu Infeet 40%%0 30 < -0 af
> 1 l.. i
NIy (et S10 wiie 25 yards throil Eol
NIV | Sheeting o ruxated fron 21t $im wide a6t -1t and
9 ft lenzths
°9p Sandbags Tiates of 50 Bai=
\
Tanre 5 —Corrugated shelters and vron shogiz.
Fection
Y ocap e
Deslgnation Detad. -
Etores
NIy . ' . - . - - .
a1y Ve . ot
" - . . .
T nine e omosv
sapdtany o ez mmm e
NIV | Curvedaheets lo:bhonnclhelbenvlt by"L nl
trslipe Vi e vae
. 0t
1% | Commueated steet shetter, targe | 1700 5 1 1o T~ =
tra_ Yoo dmemsze.
NIV | Corrugated stel shelter smaft
NEV | Trovghing
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Arrexnpix VIl—continued.

TavLy 6.—Rolled steel joists and rails.

Sactlon !
in !
Vonb, | Deskinatlon Detalt How
o oin - stadl. Issued,
storee

12 0nc by Jins, . . . Lenpth 221t 32 b+, a toot tun

Juins, by Sins, . . Leogth 201t 20 1he, 0 foot run

Ok, by s, . . Length 14 1t,, 21 The, n toot run

sfau by dins, . . Length 161t 13 Ihe, a foot run

Sin by Bne . . Length 01t 11 Jbs. a fuat rua
Rall, stee], baliheaitod —

0 Jbe, . . . . Heleht 33 Ing , 132 Ibg a foot run .
Heleht 43 tng, 20 s a oot ran .

L Y

5
’ Jolat ateel, tollod—
!
t
¥

[AIR11R .
LURIAN Helzht 5 1as.. 26} lbe.a Dot run .
TasLt 7.—DPosts and pickets.
i
Src’ucn :
u .
Vool | Dysiznation, Detail, i?{,’ﬂ,
ut AR
Ytores,
290D ' Pleketa, angle steel, long . Git.0ins, long . . . .
. ' medfuim . 31t o ns lone . . N
{ . short . 21t long . B . . .
20D t o Eerew, long . . Ot T ins. long, 4 eyes . . . ,
D ) " - ) [ mrlt . . 2t 1% dne, long, 2 eyes . .
29 { Pichets, brushwood—
f :‘hort’ . . .21t 6in3, Jong, 18 Ins. to 2ins. diam,
l Long . . . . 51t long, 3 ins, to 4 ins. dlameter .
tabion . . . . dft.oins Jong . . . .
g Tracing . . . . it dius, long . . .
i Barked . . . . Tor night work . . .
] Unbarhed . . . Tor Jday work . .
| l’likcte, quare— —_
ong . . . . . Sft.long . . . . .
i Short .. . . 21t ¢lus Jong oL
‘ Tracine . . . . 9ins, long

TasLe S.—Maierials supplied for camouflage.

For ConceanyMexT or FiELp Works, BATTERIES, ETC.

ares, or wire netting in
with or without
for

1. Fish netting in 30 feet by 30 feet squ
rolls 30 feet by 6 feet, garnished with canvas knots, )
irregular islands of scrim (an open mesh form of canvas), mainly

use 1n open country.
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Avresmx Vil—continued.

T 10.—('ordage,

R LGN
1
Voealh, Deslenatisn, . . How
af " Detail. : f23ued,
Streen :
- . - . '
I
sA L Cordage, hemp, haweer, 20| Servicecordage Ingenesaluse ;o either’ I'athom
Ran . terred or ahite o fn the foliowinz | {colls of
*lu- rirrum{n 'N'l‘" in inches ;— { 113 {3,
T4 g8, 2,2, 1}, 1. Tarred |
cordogr Ia mnkz' but wil stand t
exposure to wnt!pr better than
, . v hete, 1
A Hocordage, mantia, hawwaer, 2- | A steonger cordage In the folloning | »
atrand, nlzmi. cln‘um'(rcnu in inebcs 1—3, ;
' 34,4, 24, 2,
»A Hl Cerdsgre, colr, hawser, 2.0 A L’(l'll’"‘ ll"bt rlmm cordage, Mnlch.
~trnnd, will float upon wnt:«r, but has only |
om-fourth the strensth of hcmp}
cordage of same glge, Slres =7, |
¢, 5, 4and 3ins, H
sA v fasbingy, falls, guys, &e. | Cordage, nv In [ above, of sizes as |
under - !
3 Ius. Vootropes, 9 fms, ; cables, ”
i 30 une, ; falls, 50 fm., ; guys, ;
, 30 to 36 e,
24 Jns. <lings for cask plers, 6 fms, !
2 b, Falls, 50 fme, !Mhlu_,a ;
“aand 9 fms
14 qne, Draces, § frog,; brcast’
lines, 10 s, ; lashing, 6 fms, 1
1 in.  Buoy lines, 10 fme, ; Iash- |
fnge, 3 and 6 fms, |
gA v, 8mallcordage yarn, twine, &c.
Cordage,.spun yarn, hunp 3-thread, tarred, rough . . . Cwt.
Lines, HambUro . 150 ft., strong and light . .
TanLy 11,—Bridging and boat stores.
(Seec also Military Engineering, Vol. II1.)
Soc’tion ’ : -
n oW
Vocub. Desiznation, | Detall. issued.
of
Stores. :
20C Anclhors, pontoon . . . 'lucwt ix;'lndh} c(;\'t . . .
20C Balilers, pontoon . . . ' Tin, with handle .
20C Bauiks, }’hin <. 15(}1& 01 122 lg) 81 Ins, fo 1# ins. by &
ns. ;
20C ,» shore end, inside . ! 3 1t. h 7 ins. Jong ; 8 to set; 15% Ibs.
20C ” ”» ,» outside 3 It (;l} ins, long ; 2 to set; 214 Ibs,
€ac
20C Beams, saddle . . In two pieces ; 58 Ibs. pair . .
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Arrexpix VI—confinued.

Tanre 11—continued

Section ] |
n
oab ! Deatgostion Detall { o How
o -
Stores
e n_uo?, wnchor . - 4155 104 ors
95 Clolh, prepared W hite or coloured , 144 pleces Tox
20 Cheraes, 01 . 101t by 12ins by 13 1m0 45 Jb
20 Drivere, plle, Swias - Withatel guliesod ,ab ut 160 oy |
wer
29C Tooks bost and stave 11 n 79 ins lobg .
8T Life-belts, cork
8B ] Lue-buoyl Mk IV Retndeer halr covered cans:
B ah . Legthered ud, unmmmd Bre 10
201t long n slzes inereasing by
1t T 1eathered for poptiomy
2C Pontoons, bipartite, Mk 11 Bowl- stern pleces, 1003 ibs a
DAlr
2C ' Ripsnds, wood 151t 9ine by 3jins by 6 Ins , 70
Ibs ~ can Le used as banllg
| Bicks, rack With 01t of 2 in lathing , 11 Ibs
| Transoms, shors ene !d )l’k‘ 4 }\1[{; Syu lgnx”7 2 erential, ®
" Trestios, bridging, Mk IV out 2 tackles erentlal,
o, Beidging. 10 cwt welght, 818 Ibs
For last lngs and wire rope, see Tables 10 and 12
Tasre 12.—Wire and wire rope.
Bection
n . -
Vocab Deelgpation Detail. T | How
of Lssaed,
Stores
R
EX | Rope, galvantzed, steel wire . ] Incollsoft100tms .
!
B4 | sues, clicumterence, uches . .| 3 ’ g,, - l 1 l 4 l— N
1
prox welght, s et . o T | 4| =] wul 1
B3 T G B B L PV RS S
2¢ | noy €5 in Breaking straln pot lmu e
3 wﬁ“_munnd rom, Mo 30 " | TnZeiby and 5615 coe e o | opT™
| wie, barbed. -« | N0 125 SWE 130 yds 8 It

Bt 1 SWG 165 5 "
2D Wire, entarglement (Frenct) . | One

<o
1818 tosdles of §
s

'
Wirenetttag . . . -
29D Expaoded metal . ..
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ApPENDIX VII—continued.

TaBLr 12—continued.
The table below gives the properties, weight, etc., of new iron wire.

New steel wire may be taken as twice the strength given, otherwise
similar in size, etc.; galvanized wire is heavier.

Tl e e [ [ =]

{
]
|
232 |-212 {102 176 ;
|
|

Size, S.W.G. l 1‘ 2| 3! 4

Diam.,, inches . | -300, -276| +252

-130"144 128 1116 §-104 | 092
G -

Yards, per ewt, . 155: 183 220, 260 ; 311 | 380 | 452 | 5 675 | 834 {1040 |1203 {1853
Lba. per mile . [1268'1073( 895 738 | 633 | 518 | 436 | 3.9 | 202 | 231 | 190 | 152 | 119
Approx. breaking |

0 | 876 | 698 | 570 | 456 | 857

strain, Ibs. . (3804 3.‘.’19|:'2685 2274 i1899 l15511 1303 108
| 1

' - ~ - ' -
Size, S.W.G. . | 14 ! 15 i 16 ,17 l 18] 19 20# 21
I

22 l 28 24125 26

, :
Dlam., Inches . I'080 -072) -064 ‘-056 *048 -040' -0?6! -032 -028l -024
Yards, per ewt. . 2186}2699 3416 14462 ] 6073) 8745'10796

T.ba, per mile .
Approx. breaking |

-022] 020 018

13663/17846 34200'38008|34978/48184

90 73i 58 | 44 { 825 22.5 1&3-2l 144 110 81l 685 58 46
| |

270 219’ 174 | 132 98 068 55 43‘ 38 28! =0l 17 13

straln, Ibs. .
! | i l + ‘ 1 [l '
\
TasLe 13.—Bolts, dugs, nails and spikes.
Section
in .
YVocab. Designation. Detail. _ Bow
of issued.
Stores.
10 Rolts, with nuts,| £ Principalstoresizes; length and diam.in inches
hexagon head. 14x lorg,12x 3,8 x §,6 X ford, 5 X .
Other sizes prepared a3 required.
N.LV. | Bolts, drift %in. X 24 ins.and £ in. X 20ins. . .
280 Dogs, railway and || Straight, 18, 15, 12 and 9 ins, long, with 9,7, 6
sawyers, Mk. ITL. | L and 4 ins. spikes, respectively.’
10A Nalls, iron, spike | Length, inches—: | 10 ' 9 8] 7 f 6] 5 1
(quote store No). e e e ) MDD
Nails in 1 cwt. ’114 ‘155 193 (294 1430 590 | J
i L (approx.) :—
Army Store No. :— ’137 lzss 1185 f”‘ ;133 "182
10A Nails, wire, iron, | {Length,ins.: | 6| 5| 4] 3 25' 2 13{ 13 1}, 1 l
grooved. Nailsinllb, |[—-f—fmmj————|—~ o o D f— »
| (approx) :—| 14{ 20 30' 52 100,122|200l300'4001800 )
I}
10A , Staples, No. 8 Approximately 50 for each 1b. ”
" >.W.G. . ‘|
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Arereomx Tikemmnradl
Tamy J4—STEe maymh S
E‘attlcn -
Voab Dz ez e
Blores

X1V | Beads, elbow= tooe, tomerrs FUTTT B ERE LRSE
Tedgeng socke'z erseeguenes
Plum 5 m;-!.d TP, Tk
nute, serewed £a3tve « moan - -
ww Cocks, stop ;;:::J~ -
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298 Hose, prepared cavyas, 1] m. I ¥ et S -
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Lo
2E Hose rubber, 11 in brer . I7
£
12 Pallg, iron, galvanized . R o
7 Plpe cutters Fortse r f s aeas
NIV | Bipe, wought Sron, gatviignd 3 tor
2B Pamps ¢hain, helice - X
=B Pump, Yt and force, XEE¥ 2 T3
28

Pumps, portable, eteun

T #10cks and dies, pe1e
X1y Taske iron, gslvasyse sc.
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P
v ‘ﬁm. atee] eoTusHM e 2 o
etrriar LA
L Tnh.ntrrrwi S gk,
2 Tanws Watrtogt 7 g e -
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APrENDIX VII—roneluded.
.
Tarnte 16.—Demolition stores.

Section !

\_!n ) i I
ceab, Deslpnation, ; ow
e g ; Detadl, U fssued:

Sraree, i

s ¥
o BULR Exprosives. -
NV Antrmonal . . . . Parked In 25.1b, and 50-1h, water- 1 Tins,
proﬂ( (‘“H lI)]mvn:mn- — :
, £5db, tln, 6} by 10 by
| 10§ Ins H ¥ t ’yl1
50- ")i un. 13} by 10§ Ly
NLY. Dynamite . . 1 Not nnordmnm store, but, as a rule, Lbs,
Rlasting gelatine . . s oltainable from this ouree ; mani-
fartured In sartous x:mdc= and |
«treagthe,  weually  in 2-02, |
rxnrld;:ﬂ packed {n boxes of !
or . § 5 1ix, and 50 1ba,
25 Gun-catton, wat, slabs, fleld, 110, Slaba 6 by 8 by 14 jus,, 1 perforation ¢ Lbs.
far 10z, primer 3 packad fn waters |
proof Loxes containing 14 slabs, |

. AURIITARY EXPLOSIVES ,.tc.

201 lacs, pun-rotton, waterproof . Canvag 5 and 20 1ba, .

RN Cable, electzie, 1., MK LT . " For electrle fiting; wclght -7 e, | Yards,

R . for carht 100 yds, -

N.LYV. Cap+, copper, blasting,  (Com- | The commerclal equivalent of the

merelal caps). i No. 8 drtonntor; manufactured in
' ols:;l(t) standard stren"th: slzes 8 |
! t

o6 Detonatore Na, 8, ML VIT . | Por uce withsafety and with detona-

Y | ting fuze: packed In tins of 25.

26 Detanators, eleetrle, No, 13, Tor ueein rlectric fliring ; p:xckod in

M. 1L i tinz coutalning 95 detonators and
. a rectifler,
) ¢ Exploders, dynamo . . 1 Yor firing chargee electrically; slze | Lach.
}j.)}"b) 8% by 6} lns, ; “welght
v 27 1bs

o6 Tuze, rafety, No. 11 , Intin cvlindera of 8,24 or 50 fathome

o6 luzn inatantancous detonating I Wound on drums ' Yards,

p In’m electric, No. 14, Mark 111 | For use with Jow cxploﬂh& ﬂrcd

s electrically ; packed in tins of 25.

6 Gun-cottan, dry, primers, fleld, + Packed in gealed tin cylinders con-

1-01, talning 10 primers,
6 Matehes, vesuvian . . . { T'uzee; 20 In a box . . .
,  TESTING APPARATTS, LLECTRIC
FIRING.
204 Doxes, testingand jointing, filled | Tin box in leather cover; size 14

by & by 5} ins.; weleht 12 Ibs.
3-025.3  the contonts =nre as
follows :—

Tor testing t—

1 bn\ of resistance collz (100

ohm
“Q " and “I * detector .
1 cell, electrie, dry. L "

& dwta. of iridio platinum Wire on

8 metal reels,

1 chamois leather . . .
1 box of plate powder . .
Tor jointing :—

1 pair 5-in, side-cutting pliers .
2 tuhes of indla-rubber solution
n cvlinders of india-rubber mpe .
3-1b, of cotton waste
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APPENDIX VI

TaBLES GIVING STRESSFS IN  AND Sizes or Roprs Spans Beoanring,
GirbERs AND Ras ror Usr 1v Boarere Frerp Strucrures -

1 —Stresses 1n derricks sheers and gyns

2 ~Bizes of spars and baull's for dernicks ete

3 —Tackles .

4 —Toner requred on falls of tackles in tons

5 —Sizes of rond bearers and beams for light bridges dug outs, etc

6 ~Safe nett d strihuted lond n lbs which can be supported by
gtrders or rails over different spans

Tanre 1 —Siresses 11 derrichs sheers and gyns

{Strosces are stated 1n terms of weight to be Itfted  Allowance has béoh
made for weght of tackles ete)

Standing Derrick Sheers
—_—— —

OV Leg with feadlng block 2
lack goy 7% Other ey 1w
Other gups 3% Backgoy 7w

(m Swinglng Derrich
Brer with lading block \ 65 Lprihtepar wg
Otbec spars e W | Swinging srm 14 ¥
>
Conneetn, tackle 1w
Guys 15w

In the easo of the swinging derrick the length of the
ahd the swinging arm are 15 umed to be about tsxtunfnndutlxzxgl:ggﬁs ahpeaé
w:en ‘them mi]c grront:lx: t)mn'n:s degre;*s Anv alteratton 1z these
eportions will atfect them ¢ 512
From Fatnee 3'and 5 t20v of 8pars and gups can be foand

Thus table gires the marimum siresses which
prachice, jor !ge ordinary condittons under w)hehn;ie’:'e“::ptlga:g?r re
uwied In special cases the stresses should be worked out graphseally are
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ArpeNDIX VIII—continued.

TasrLe 2.—Size of spars and baull for derricks, trestle legs, etc.

Length of spar in feet from point of attachment

Mean of main tackle to the ground. Size of
dlameter r square
of spar I ~ | baulk in
in inches, inches.

6 10 15 20 25 30 35 40 43 50 55 G0
A
| !

6 4| 1 fH—|—]— — == = -] 5t

7 6| 2 1} ¥ —)— —'— =1 =] —=|— 6

] 100 4| 2 13l 3 3 —' —)— —|—|— 7

9 150 6| 3|13 13 I |- —|=|= 8

10 20 4y oh 13 13 § 0§ t —|—|-— 9

11 2612 6% 4| 24 13 13 1, ¥ ¥ —|— 10

12 83116 9 54 84 2% 1 13 1, §—|— 11

18 41 1 20| 12 7% 5 3 2t 2 13 14 1 — 11+

14 50 |20 {15 |10 6} 4% 3% 2 2F 13 1| — 12%

15 — |33 |20 12y 8L G 41 8% 3 2} 12 13 13}

16 — (40| 25{16|11°| 8 53 4t 8% 3| 2f 2 14}

17 —|50{30|24{14[10 7+ 5F 4% 33 3| 2¢ 15

18 — | — 186251712 9 7. 5'1\‘ 43 4 3% 16

19 — |-—1483130| 20115 11, 8 7 6 5 431 17

20 — | — 18035124 |18 14 11 8 ‘ 7 ] b 18
Inohes. Safe load in tons. Inches.

rd
This table is derived from Gordon’s Formula P = “__a(_i) 2
d

there A =sectional area in square inches.
d=least diameter in inches.
l=length of spar in inches.
P=safe woking load in pounds.
r=safg’c(;31pression stress in Ibs. per sq. inch (1,000 lbs. per square
men). ¢ .
a=1/48 for round and 1/62 for squared timber.
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Arperpix Y Hll—continued

Tante 3 —Taclles

Mingmurn size 1n anches of unselected cordage and steol wire rape to
be used . main Lfting tockles with leading bloch  The figure, are
fliustrated on Plate 98

Tyre of tack)e nnd theoretical gsio of power
Welght tovelizted | '
Intons - " PR 5o
Wl W=2p Warll Vil W=SP WP
2 .(OH’MBI .

; - HER I g =13
- i I E 5oy
t - - h 3 3 H

7] = = = - = l 3

srzEL Wier Rorr

1 & 1 [ i i i 1

1 2 2 T 1 1 1

i H 1 3 3 h Y

2 [ 2 1 3 ll 1

2} 3 2 s i 1 1

~ H = H H H H H
¢ - s ; ; 5 éi

U

10 = = = 3 H K

n — - - e 3 H

1z —_— — -— — iy 3

Tors Inebes

Thus table ts derired from the formula P= % (1+fn), where P=power

required to Nift the weight, W=weight to be hfted, Gnthearatieal
sdrantage or number of returna at the movable block, f=co-eB~ent of
triction and 1= total numbder of sheaves requu

IF f=1/9 (an nverage valge) then P= ‘é 1+ ; ¥

The safo stre«s an cordage hav been taken as ;;‘ton!, and if steel

et
wire ropow—\-’- tons
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ArrENDIX VIII—continued.

Tanny 4d.—Dower requircd on falls of tackles in tons.

Slzo of rope, l Cordage. Steel wire rope.
1}-Inch. — 1 ton.
2 v 1/5 ton. 2 »
2} ” 1/3 " 3
3 ” - ” 4 i1 4

. Man-power equals a pull of 56 lbs, (1/40 ton) a man. Field capstan
gives a gain of abhout 10 to 1.

Tasue 5.—Sizes of road bearers an;l beams for light bri\dges, dug-outs,
cte.

1. Table showing the number of road hearers of different scantlings
required for- various spans,

Widih of roadway has been taken as 8 fcot, and the decking must
bo 3 inches thick.

Span in fect.

5 7 0 11 13 15
e e — PR —— o ——e PRI PE——
Scantling on edgo (In Inches). !
6x2 . . B . 9 13 — — = | .
Ox2 ., . . . . . 5 7 8 10 11 13
7>k . . . . . 6 8 %? 12 — -
6x3 . . . . . . 7 9 — — -
x5 . o . Lo 5 6 7 8 10 1 11
oxz ., . . . . . 5 5 6 7 8 9
4>4 . . . . . . 10 —_— —1' —_ - i
by . . . . 7 10 2 — - -
7 %4 . . . . . 5 6 7 8 10 11
0x4 . L 5 5 5 6 6 7
BX5 . . . . . . 6 8 10 12 —_ %
7X35 e ! 5 5 ! 6 7 8 8
2x5 . . . . . . 5 5 3 5 [ 10
6Xx6 . . . . . 5 5 6 8 9 P
8X6 . ... 5 5 b 5 s,
8x8 , . . . . 5 5 5 5 5 g
o9x9 . . . . . 5 5 i 5 5 5,
Round poles aver, dlam. l —
(53 inches . . ' 9 12 -—0 o - _
! 1 & __
AR N NS S R s N 1 B B
8 . . . . . 5 1 5 5 6 7 8
R.S.J. (in Inches). | 5
6x3 or larger . . ! 5 5 5 5 5 | 5
4x3 . . . . . - 5 5 5 5 6
4x1% . . . . 5 6 8 10 1 | o
3xs8 . . .. . . 5 1(5) 6 7 9
3x1% . . . . . 7 —_ - I
20-1b, Decanville rail . . . 6 8 lg l‘é ——5 l 5
80-Ib, rall . . . . . 5 5 ,
]

e i w2t ap b amnm slavan 7dn palez cannot be Dlaced on the transom.
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Aveexoix \ I1l—-continued

This table 1s calculated for a working sfress wn fimler af § fon g
square mnch, and in gleel of T} fons a square wck and allows for a
mazimum moving load of 2 tons on one axle (e nfantry tn fours or
any horse transport load with a dunion)

The following 13 a sumple reugh formuln for finding the safe worksng
load for o beam of uncelected timber supported nt each end —~—

142
W= % for 2 rectangular beam

3 43
We wXT for o round spar
And lor cantilevers —

1
W=} L—;‘- for a rectangular beam

¥ LDy «
=} 5 v fere round spar

Where & — breadth ol beam in tnches
= depth of beam, or diameter nf round spiwr an
Inches

1 = span in fest,
W = safe distributed dead load n cwts

Tiug farmula gives a facter of safety of abaut 4 and allows for super-
structure weighing up to 1/6

A concentrated Sond ¢ a load which brings all 1ts weight an one point
on ths bridge, e p , the wheels of a gun

A distributed load 13 o Joad the weight of wlich s spread over a
bridge, e ¢, tefantry 1in fours

A five load 15 n Joad that moves, n #ead load 15 o load that does not
move

3 To comvert five foad snto dead Jond, multtiply the hive Joad by 2}

1t To convert concentrated load anto dutnbuted load, multiply the
concentrated load by 2

2 To uso tho abore table for beams for dug-out roofs, divide 16,000
Ibs by the number miven 1n the tablo for the scanthag or pale at the
required spin_ Tho result gives tho safe distributed Joad 1o lbs whick
ran be carried by one beam  Ihen procecd as o Table 6 Frample .

B
9inch by Jtach jousta waill salely carry Eaﬂ' ~3,200 ibs for each bearm
in a roof of 7-foot span, § being the figure given 12 the eforoi”
by Banch timber orcr;an'tpm of 7 feet

-
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AprpENDIX V1II—continued.

Tasre 6.—Safe neilt distribute¢ loads in lbs. which can be supported by
girders or rails over different spans.

{If the load is concentrated in the middle of the girder or rail only half
these loads are safe.)

) 8-in. X4-in. | 5-in. X3-in, | 40-1b, steel | 60-Ib. steel | 80-Ib. steel

. Span in feet. ** I girder, | ““ 1” girder, | rajl, weight | rail, welght | rail, welght
weight 18 1b3, 'weight 121 Ibs.| 18% ibs, 20 lbs. 267 Ibs.

4 a ft. a ft. % it a ft. a ft.

-1 37,500 12,700 9,720 17,770 26,800
5 30,000 10,150 7,775 14,200 21,450
6 . . . . 235,000 8,140 - G480 11,500 17,875
7 . . . . 21,400 7,200 5,650 10,150 15,320
8 . . . . 19,900 6,300 . 4.860 8,880 13,400
9 . . . . 16,600 5,600 4,320 7,890 | ' 11,900
10 . . . . 15,000 5,000 3,890 7,100 10,725
b . . . 13,500 4,600 3,530 6,460 9,750
12 . . . . 12,500 4,200 3,240 5,900 8,940

]

The weight for each foot run is given for purposes of comparison.
Thus, the 8-inch by 4-inch girder weighing 18 lbs. a foot is the most
suitable for roofs of dug-outs, and is twice as strong as a 60-lb. rail
weighing 20 lbs. a foot.

Steel rails are described by their weight for each yard, and may be
recognized by their measurements:—

40-1b. rail is 3} inches high.
60-1b. rail is 41 inches high.
80-1b. rail is 5 inches high.
Other weights in proportion.

To find the weight of earth in Ibs. which is supported by one girder,
multiply' the span in feet by the distance apart of the girders in feet
by the depth of earth in feet by 100 (a cubic foot of earth weighs
roughly 100 lbs.).

To find thHe suitable spacing for the girders of a roof. Take the weight
; of 1 foot width of roof, and compare with the table above.

Thus for the roof illustrated on Plate 147, the weight of one foot
width of roof will. be 9 (span in feet)x8% (dépth of roof covering in feet)
%x100=7,650 lbs., and it 8-inch by 4-inch girders are used a suitable

spacing will be 15’2508 feet, or approximately 2 feet centre to centre. If

5-inch by 8-inch girders are used

will be the safe spacing, or

5,600

7,650

approximately 9 inches. . oo
The following is a simple formula for finding the safe Workm% distri-

buted load for rolled steel joists (I girders) supported at each end :—

100 3d¢
W = T
And for cantilevers:—
25 bdt
W= T
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Arpenpix VIII—concluded

Where b=breadth of the girder 1n Inches
d=depth of the girder 1n Inches.
t=average thickness of one flange of the girder in inches
pn 1 feat,
W=safe distnbuted dead Joad 1n cwts
Tor field bridges to allow for the loads being live (1 e, moving) a

rolled steel joist can only safely bear two-thirds of what 1t would take
tf the load was dead

Exarmple i —What distributed live load will a rolled steel joist 9
tnches by 4 inches with an average thickness of one flange } inch, take
over a 10-feet gap?

- W (The safe distnibuted dead load in cwis }
10403
10

~ 180 ewts

Thercfore the safe distributed Jive load 1t will take
=two-thirds of the safe distributed dead load
=two-thirds of 180=120 cwt

Example 1 —~What sizo of 10lled steel joists 1s required to carrr
distributed live load of 60 cwts over a 10-feet gap?
The safa distributed live load=two-thirds safe distnbuted dasd Iwd.

% 60=two-thirds safe distributed dead load
Safo distributed dead load (W) ~ox3

g
Substituting 1n the formula
003dt
0=
bdt=g
'é A rolled steel joist with b=13 inches, d=6 inthes g0l f=pommn ¥3L
o

=
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APPENDIX IX,
TaBLES o1y WRIGHTS AND MEASURES.

Table—
1.—Linear measure.
2.—Square measure. )
3.—Cubic measure. ‘ g
4.—Jiquid measure.
5.—Measures of weights,
6.—Areas and contents of certnin figures,

/
TanrLe 1.—Linear measure.
-
| ! ; {

—_— Ins. Ft. Yds. Pls. l Chs. | Fars
Foot . . 12 1 '
Yard . 36 3 K 1
Rod, pole or perch . 198 16} ! 5% 1
Chain 742 66 22 4 1
Furlong . . %.920 660 220 40 10 1
Mile . ‘ 63,350 5,250 1,760 320! 80| 8
Fathom . . 72 6 2
Nautical or geogra- | 72,960 6,0:0 2 (263

phical mile. '
Cable’s length . 7,293 698 2023
Millimetre . 039 003 001
Centimetre o 394 033 011
Decimetre . . 13-937 *328 *109
Metre . . i 39 37 3-28 1-024°
XKilometro ! 39,370°79 3,280°40 1,093°633 |
|

. 1 kilometre is approximately § mile; to convert miles to kilometres
* ultiply by 1:609.

To convert yards to metres multiply by 914.

TaBLe 2.—Square measure.

— Ius. Ft. Yds. Pls. | Chs.| R. A.
Square foot . 144 1
Square yard . 1,296 9 1
Rod, pole orperch | 39.204 2721 304 1
Square chain . { 627,264 4,356 484 16 ‘1
Rood . 1,568,160 10,899 1,210 49 24 1 1
Acre . . 16,272,640 43,560 4,840 160 10 4 10
V' Square mile . v 13,097,600 102,400 {6,400 | 2,560 | 6
Centiare . . 1,550°059 10-764 1196 ‘025
Area (100 sq. — 1,076 430 119608 — — |-
metres). P4 947
Hectare . — - 11,960'3()‘3l — = —

To convert acres to hectares, multiply by -405.
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Aeppvore IN—confinued
Tasrr 3 —Cubic measure

1,728 cubie inches =1 cubie foot
27 cubic feet =1 cubic yard
1 cubic metre =33 3136 cubic feet

To reduce cubic feel to cubic me*res, multiply by 023

1 cubuc foot of fresh water weighs 1,000 ozs |, or 62} lbs

1 cubic foot of fir weighs 40 1bs approximately

1 cubic foat of oqk weighs 68 lbs appro<unately

1 eubic foot of beech weighs 43 1bs approximately

1 cubic foot of earth werghs 80 to 100 Ib approaimately

1 cubic foot of bricknork or concrete weighs 120 Ibs approxumately

Taste 4 —Liquid measure

i
—_— | Pinta l Quarts Gallons
4 ol's 1 - —
uart , 2 1 —_-
llon . 8 1 1
irkan 2 "6 2
Eilierkim 144 72 Iy
o} B 41 35
Hogsheald 432 216 54
Puncheon a6 28 T2
utt - Sui 43 s
Litre 11350 80 22
Hectolitre 17, 97¢ 87983 2997

To convert gallons to hitres, multiply by 456
A gallon of fresh water weighs 10 lbs

TanLr 5 —Measures of weights
(Avairdupols werght )

1
— } Ors ‘ Lta Qn Cots | Grame

18 d-achme 1 - —_ =437 5
Pouni 16 1 t =700
Btong - 14 - - -
gurm - 3 ) Th -

soredweight ~— 12 { 1 -
Ton —_ 2 4 b 20 —_
Grang (53 W2y - . -
Kiogram o~ So2f » 204 - — -

To convert lbs to kilograms, multiply by 454
TasLe 6 —Areas and conlents of cerlawm fijures
Corcle radiws )« } of dismoter ()

2
¢lr umfennce = Sxr = rd =3I NI%or -17:- nearly

area - prt
Teaagle  area = § ba o> perperds ular fnmapex tolare
Colader o height A — content = rrib
Cone ol b ight A—content = § =r'h r radiigof Fan
Fyramiy

of height A — rontent = 13 X area of 1ase
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APPENDIX X.

- TNSTRUCTIONS OX THE USE or CAMOUFLAGE.
1. General principles.

L. The aim of camouflage.—~Concealment in the sense of hiding an
object {rom view, is by no means the primary aim of camouflage. For
example, if you hide a gun under a tarpaulin it is concealed, but it is
nlsodcertnin that the wenpon is not camouflaged in the true sense of the
word.

A hare Iving up in the furrow of a ploughed field is perfectly camou-
ﬂn]xzed by nature; though in reality it 1s visible, it is not distinguish-
able.

Deception is the essenco of true camoufiage.

2. Air observation,—Air reconnaissance played an ever-growing part
in the Great War, and il is safe to predict that with the knowledge
gained, and the improvements which are bound to be effected in the
construetion of aircraft combined with the results of photographic
research, observation from the air will dominate all other methods in
the future. '

Reconnnissance from the air consists of visual and photographic
observation.

In rapidly moving warfare photography is confined more to the
back areas and is of the greatest assistance in penetrating the mind of
the enemy by piecing together frapmentary proofs of the movements
of troops and war material by night as evinced in new structures and
shapes on the landscape all peculiar to warfare and each having =
meaning, ¢ )

In position warfare the conditions conduce to the collection of a
great mass of photographic evidence over all areas, which can only be
nullified by an advance. '

3. Importance of photography.—The great improvements effected in
the construction of cameras, lenses, and plates combined make it by
far the most reliable medium for recording air observation.

. A photograph taken under favoursble conditions in 135 of & second,
discloses more information than an observer will be able to report after
a long flipht. The keenest and most receptive mind cannot possibly
compete with it. .

The laws governing stereoscopic photography are adaptable to air
reconnaissance with the camera, and 1t is possible to obtain exaggerated
relief of small objects. \

It must be remembered that the camera generally accentuates any
contrast in the tone of an object as well as its shadow, so that it seems
t6 throw into relief what would appear an inconspicuous thing to the
observer,

The chief energies of the camoufieur must be dircted against the
camera.

4. Form.—The form of any object is built up of varying planes of
light and shade. On a dull day the diffused illumination from above
is sufficient to disclose form to the ground observer, but makes it more
difficult to read in an air photograph taken more or less vertically.
Such a photograph gives little idea of the h_el%ht of objects. Under
such conditions, photographs taken stereoscopically are of great assist-
ance and give the relief necessary to form an estimate,

A good photograph taken in the early morning or late czfternoon
will often reveal more than stereoscopic photographs taken,*vertlcally

!
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1 2 difused hght The elongation of shadows thowse better than any
thing else the relative beigh*s of bmildizgs, ruins and contours

Sech photographs <hould no* be relied apon io gve the character
cfa bmlzﬁn" with exactitude, unless the ground 1n the nicimity s faurly
fat  If broken, undulating, or hilly, there will be a certain amount of
distortion of the shadows

The preseqace of an object having been revealed, its shaﬁe should be
determined with the aid of anotber pbotograph taken when the sun
1s not so low The experienced reader will be able to see many revela-
tions not apparent to the lav mind in these distortions

When an air photograph is being studied 1t should be placed so that
the lizht whether natural or lrhgcu.l, falls from the same direction
as 1t did 1n nature, 1€, 3f a photograph 1s taken at mddav and
ezamuned at a table with the window on tha left, the east side o the
pkotograph chould be held towards the window  If held the reverse
way, with the west side towards the window, hollows will become mounds
and ‘embankments appear as cuttings

5 How objects photograph —The various colours and textures of
nature are interpreted 1n the photograph by tones all having relative
values Texture plavs the moct important part i determning tone
Colour 15 & tecondars coneideration

A smooth white serface will photograph white, but 8 testured white
surface will be recorded a lower tone owing to the innumerable thadows
contammed Similarly a emooth black surfzce will be a lighter tone than
a textured black surface which will rhotograph black

1t follows, therefore, that the most effective medium to obtain a cer-
tain required tone s a textured surface N

Plate 178 1llustrates topn valnes of various surfaces found on a land-
pe

A careful studv should be made of the structure of porse as 1t will
belp conwderably towards & better undersranding of tho underlying
prizeiple of the creation of tones

In goree the szgrexzation of reflecting planes 15 emall compared to
its area It contains deep shadows ard as will be reen 1n the above-
mertioned plate, 1t photegrapbs a very dark tone

A fallacy often repeated is tlat lorz grass invanable photographs
» very dark tone This statement must be qualifed  Long grass grow-
1ng upright will be recorded a dark tome owirg to the innumerabls
adows contained within 1ts srea, but should the grass be very long
and consequently leaning oter, It i< obvinus that 1t muct be reff
& great amount of gkt Therefore 1t will be a lighter tone than 4
a few jrches high standirg up sty

Consequentlv when estimating the tore of anv growth of .
1t mill be necessary to co=sider the shadows and the amount of
Le scen when standirz over 11 In o*her words the thirkness
growth has to bo takew 100 arcoant

3{ont trees Having a greater surtare of reffecticy pfanes
plotonraph s highter tone *kan gore

€ Usr of erlsur —Co arr ean be of preat service 1f used
know'edze of 1ts {hotozraphic value sed sts 1mpresuon oo
optically It 1s generaliv we'l Rioma that the higher ore Sies
pronouresd been res arv o tiral comtra t 17 co ours, untl
themand fere the lan tesape becemes a stule 1o monorhro ne
tion of differerces 0 ee'eg- 14 therefore difcale gt bigh alégt



218 [Appendix X. Sections 1 & 2.

Plate 178 shows a tone chart of colours as rendered by the plate
used gencrally in air photography. Tt will be scen that the red tone
approximates to that of hlue,

Now it would be a most dangerous thing {o use red in a scheme of
camonflage that is_intended to fmitate a blue backeround. Tt would
defeat the camera if the texture were correct, but it would surely attract
the attenfion of the airman if fiying Jow.

To attain the hest results in ijmitative work it mar be taken as a
reneral role that the selection of colour should be considered with
choice of {fexture.

7. Mraning of tonr.—Tone is the vahie of a colour rendered in a
<hade of black and white.  Colonr can influence the tone of a surface,
but nol to the degree of certninty obtained by the use of texture.

A smonth surface painted black, when viewed from certain angles,
will appear biack and photograph so, but there is a great risk of re- .
flection of light at other angles which makes the use of paint not only
an uncertain but even a dangeous medium in the creation of tones. It
could he relied upon to give betier results in diffused than in brilliant
light. A good matt binck will be more certain in its effects on the
photographic plate.

8. Nafure's patferns.—In nature all forms and paiterns are irre-
gular, Regularity in a landscape is alwavs the work of man. In
camoufinge it <hould he borne in mind that hughly finished details which'
may be almost perfect reproductions of nature when viewed closely are
entirely lost when observed from the distance at which air photographs
are taken,

- The work should be broad and the introduction of details resorted to
onlv when the subject demands it, such as the outline of a chimneyr on
n house. Lessor features should be suggested on the drawing,

Camouflage patterns shonld be on a large scale. The multiplicity

of small patterns on a _painted area will disclose the form, and is useless

if the intention is to distort it.
2. Materials.

1. Grneral.—A thorough knowledge of the matierials used in camon’
flage i~ es<ential in order that by employing each article in the right
place the greatest and most economical nse may be obtained, and the
mo-t efficient method of concealinent achieved.

The problem of camouflaging a position or object must be most care-
fully considered in every aspect. Tf the wrong material is used, hte
scheme is doomed to failure; moreover bad camouflage advertises itself,
and the epemy will assume that, as attempts hayve been made to hide
something, important organizations are close at hand.

In all schemes it must be remembered that artificial camouflage
should not be employed unless the immediate surroundings absolutely
demand it. In many cases far better concealment can be obtained,
without employing artificial fabric at all, by intelligent siting and clever
adaptation of natural material.

The following fabrics and materials are employed.in camouflage.
These are classified under headings and short notes appended (see also

Table 8 Appendix VII).

Fabrics.

9. Canvas, hessian.—Hessian canvas is closely woven and smooth in

ture. it will therefore in its original state, when laid out in sheets,
texture, 1t w1 { orlg s 1 X
photograph light in tone. Hessinn canvas has a smooth, light reflect-
4 - -
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g

g surface, and accordingly should be used to imitate stmular objects
such as ronds, tracks, or newlv turned earth

This canyas cut into strips 12 inches by 2 inches treated wath amt
and knotted or woven mnto 2 foundation of wire or fish netting 15 used
18 4 cover 1n grass country It may alo be used attached to dead
shrubs or trees simulating liming foliage and forming what 1s hnown
as the * Hasty tree ” device

Water 1n shell holes can alco be wimulated by pamting the canvas
01l paint must be used

3 Canras, scrim —Scnm ¢ansas 1s very loosely noven and  "lows for
greater absorptron of light than hewann” This can be understood by
examining a sample of serim

Large irregular patches of this material attached to wir or fish
netting foundation achieve the same photographic results as stell torn
Toun: With green cinves b ats intermingled the same result ns
adlv shelled grass land 1s obtarned.

Serim 18 also emploved to cover trenches dumps etc and alwo to
reduce reflection at might on tte roofs of hangars or large buldings

4 Cotr netting —This 13 an excellent medium for obtaiming a very
dark tone when used with black distemper

5 Gauze —LUsed for covering the apertures of observation posts,
perrcopes snipers’ posts and loopholes

Anv Lind of bachground can be sumulated on the gauze by  uuting
;l'h; painted gauze presents a seetingly opaque surface when reflecting
hzht

€ Wire and fish netting —These are the foundation of practically
all overhend covers In wire netting which 15 fire proof meshes Le-
tueen 3 inch and 2 inches «cem to te genernlle the most effectnne for
fiat topyed covers Fish netting 1s more portable but inflamnialle

Netting of a smaller mesh than 1} inches mahes the work of m<erting
strips very difficult

Tarther trinls with both sire and fishe netting are bhang un lertaken
ta ascertain defimtely what «ize and arrangement of neshes are most
effectual for flat topped covers and for screeming purfo es genera'ly

Orving to its non mflammabihity wire netting has a great adi~ntage
for artiilers purfoses but being hewvier and less easily inade up n
lo11s than string neting the Iatter mav prove to be more g nerslly
smtable for mobile warfare  Wire netting should usually be [ minted

7 Frpanded metal —Is used most frequentls to concenl blast marhs
It <honli be noted that one sheet of the metal photographs like «parro
£r3% in tone, two sheets hke furlr thick grass and three sheets hike
very thick grass  There 1s no need to untat

@ ., P faat ., o
canva . .
alpasd, . .

Of %A (1 15 10 CHIPI0V Fed WINCIOIN GO LIS Ly L | 0%d BUILACE
with & natural reflection  far superior to the dull eanvas  The colour,
resembles dirty water

Modetling Materials

Gerio —This 13 a plastic weather proot raterial used
tuodelling observation posts and 1alee yaripets



al Mater'\a\s.
of natum\ materi:

ot shov d be me
remen®

il s
a every e
c'\moui\age,
a‘eer'm\s, wY

15. Genere —Th
strong,\} asized.
\\rrom\(\mgs in all attempts 10 CF
; “sible 1o obtaln artiﬁci:ﬂ m

require jabout their 1ransy
therwise.
4 apon articles of stor®
N never be replaced.
thrqad’mg in ne
when P?

©
which mig
h rc\'mnce mus}
eir 1088 on active gervice
'S8 _Thes@ are usefu\ £
d gexture can be obtainet; ;
etec rom th actua\ thing-

nd LY such me
TY rc:\\xshc an
p is “seh\\
Q and rass )
the sh

3t is VeI°
i of pettin®
1mintte shadow , hay
0 preak up
ith bo added T

7. .
of tonc:
_This can be
! 1dere<1, such 2
ge—" nhese are use’iu\ in )
vy Lrees 7 device: also for covering



Appendix X  Sections 2& 3 ] 231

around gun emplacements thereby brealing up the identity of the
objects which they are covering

20 Brolen turf —Creates shadows 1n the sunlight but 1t 15 well to
remember
as on & %r
contrast le
be employe

21 Sub soil —It should always be remembered that sub soil 13 differ~
ent 10 tone from surface s;l, and 1n all work of concealment great carae
should be taken to preserve the top soil and replace 1t with the last
layer of enrth when finished Turf 1s the most satisfactory surface to
replace, 1f the imitial tone 1s required to be reproduced

3 Painting
1 Pamnting 1s chrefly an ¢ ant1 optic.  medium but to a less degrea
‘“ anticamera ' It 1s employed under the following aspects —
1 Vertical and oblhique from the air
1 Honzontal
2 Vertical and oblique from the air —1t has been shown that paint-
mg on smooth surfaces against the camera 1s rather hopeles 1if un
assisted by rough textured matenal
The general tone of the uncultivated landscipe 1s dark and any
Light tone attracts the eye  Therefore the tone of things painted against
the view from the suir should be dark It s possible by means of pig
ment to deceive the airman to a considerable extent, but hs camera
cannot be deceived The colour schemes should be quet Glanng
colours will attract attention at low altitudes and should be avoided
3 Hor ontal —Much more successful results will be obtarned from
Pamnt when 1t 13 used on objects to be seen from ground observation
There are two problems to be considered —
1 The object to be painted for a fixed position
u The object to be painted for movement
4 There are two methods of treatment —
1 The scenic which consists of painting a picture of the background
on the object
u The disruptive which corsists of painting 1n masses of contrast-
1ng colour 1n such a manner that the shape of the object 15
coutradicted and thereby not recogmzed easily
5 Reahbtic panting —S t delib t 13
Imost successfully employed on fixed objects which are close to a sohd
hackground
1 Against sky —It 15 useless to paint objects with the 1dea of pre-
venting their showing up against the sky Paint 1s only of
R Im WETEIRE Mn ohject wto o bockereund Tt wiall mok
reduce a silhoustte exceﬁt under perhaps one condition—
namely, when the sun 1s shining on 2n object but this 1s not
constant
n Agl:znst backgrounds —In this case there are two comsdera-
1008 —

The shape must not attract attention
The shape must be destroyed as much as possible
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T(l;ese are boiled togcther the day before use wd the pigments then
adde

To mmtate™— Tse—
Grass and other green foling  Brunswich Green 6
Yellaw Ochre 58
Red Sand and Gravel Yellow Ochre 8
Venetiin Red 0015
Loam Whitemng 3
Yellow Gchre 3
‘ Vegetable Black 02

9 For punting on metal good results can be obtained by the use
of ordinary ol paints mmxed with fine matenal, such as sand, to gwve
2 matt surface

&, Apphcation te tracks

1 General —Tcachs nre the surest indications of actinity and give
more mforsation regarding the movement of troops and war material
than any other photographic sign (see Plate 181) By thewr md 1t 13
posstble to armive at a fair 1dea of the duspomtions of traops

In posthion warfare 1t 1s even possible by studyimg the tracks made
by reliefs to determine the distributions of battahoms, brigades and
divisions

In mobde warfare tracks sre more numerous but not always so

fi I hic value 1s lost to a certain estent in so
far as 1t affords any indication of the plan of the enemy

The consideration of tracks, therefore, 1s connected more directly
with the conditions obtaimng in position warfare and becomes of vita}
mportance {6 the numerically wnferior force ~ ,

2 Creatwon of tracks —n Sec 1, 5, of this Appendix will bé found
the meaming of texture and 1ts important role m the creation of tome
value It also shows that the guality of texture affects the resulting
tane 1n varying degrees ‘

Tu the case of thickly growing grass the tone depends not only upon
the density of the growth but also on its length = In regard to short
grass the blades have o tendency to reflect hight, but during growth.
they assume a more perpendicular position, which results 1 their con-
tammng more shadow N

Pressure on any part of such a field =
from the vertical inta planes reflectiz
pressures at regular intervals, although
connected up by the camera at an alty
seem to form in the photograph a continuous line

3 Prevention of tiachs —The creation of a track 15 a very sumple
matter, much more so than 1ts obliteration

Frequent references are made in this Appendix to lines of demarca-
tion on the Tindsenpe and the uses to which thet can be put to supneees
trachs  In this, as 1n all other problems of ¢imouflage, 1t 1v essential
that recent arr photographs should be available when considering the
siting of new works, no matter how ummportant they may seem  in-
telhzent use must also be made of any existing paths or tracks It is
desirable for all such ways to be wired off to conhine men to them

It 15 often very difficult at might for men to heep on +rack,

« od

consequently unless means are tahen to prevent 1t,

R -
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photograph of the locality

The eye should not be rehied upon to judge such tone but an wur
phntogpph should be secured and the degres of texture necessary to
give thie approximate tone can then he estimated much more easily

As a rofe a thinly threaded overhead cover 1s dangerous, as the
Tight tone of the track will always show through to some exrent A
cover of this type thickly kmetted, placed immediately on the track
glxvex 2 most, satisfrctary result s the rough material casts shadows on
the ground immediately adjacent to where 1t lies and ensure a darh
tome bemng obtaned

The chref disadvantage of this methed 15 thnt any contimued traffic
would gradually wear down the texture to a lighter tone The best
solution 1f the material 1s_avalable, 1s an overhead cover m addinion
1o one placed directly on the track = If this is done the grourd cover
mny consist of serim painted with blach distemper The black must be
renewed from time to time

Coare must be taken to select on overhead caver which would throw
the mummum smount of shadow 1f the situation will not permit of the
cast shadows of natural features being used 1n which to merge that of a
thich cover

It would he possible to lower the tone of the track by spraying it
directly with the blach distemper This 1s a good plan 1fy SCrm 15 not
available  In wet weather an extra supply ot the distemper must be
handy as the acetnmulation of mud would make the trach hg{;ter 1n ione

5 Use of trac] s ~—In back arens much sngenuity can be e<ercised i
the disposition of tracks to lead the enemy to false conclusions An
example 1s given an Plate 183,

Tt 15 not sufficient that tracks be made to lead the eye of the reader
away trom a vital posstion  They must lead to a logical point, that s
to say, the continued tracks must bave a meaning Ig a diagonal
course 1s taken across two or three fields on {0 a road without there
being some visible reason, the 1den 15 futale

In reserve areas, where men are drilled and otherwise exercised,
every opportunity should be seized upon to mislead the enemy in the
matter of tracks  The means are at hand to carry out most elaborate
deception

Most countries huve now gained much knowledge of this subjecs
and 1n fuiure warfare the avowaance of tracks will be of the first im
portance consequently new paths and tracks will be looked upon with
gieat suspicion unless there appears an excellent reason &r their
appearance

6 Track discipling —The maintenance of discipline 1n the field must
be extended to include nli trafic 1o 5o far as 1t includes the work of
‘“he tamoufeur §% yumst be regwlated im such 3 mapner that dstur
bances to the ground tones are reduced to a mimmum

‘Wherever posuible traffic must keep to the roads and when shoit
cuts have to be made they must be done with full hnowledge of the

photographic result  Much, can be done by lecturing this
lectd Routes should be explaned clearly before
roads

Esisung, paths and tracks may be wsed but 4+
estended A most common feature 15 the wearung « b
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ning of such tracks from the roadway i
S adway. A few men using these track
for a day or two will do the mischief. ’ . s tracks

A remedy is the erection of two thin stakes at the commencement of
such tracks and instructions given to the men to pass between them.
;I‘J;:af sl::sne thing should be done at the other end if there are no other

ines.

5. Application to infantry organizations. Forward area.

1. Trenches and saps. Vertical observation.—Owing to the more
searching observation and consequent interruption to which work in
the forward area is subject, it is impossible to carry out eleborate
camouflage schemes which might be achieved in more favoured locations.
It is obviously futile to attempt to hide an active front line trench,
and, indeed, an impossibility to conceal a line of trenches from photo-
graphic reconnaissance, no matter where they may be. Although it is
possible to break up a trench system the enormous amount of material
needed, dnd the constant renovations necessary for the upkeep of the
work, outweigh any advantage gained.

1. Choice of site and intelligent use of background.—Every endeavour
nust be made to utliise to the utmost any natural advantages, both
in siting the trench and in the choice of background. The fullest use
must be made of ditches, hedges and other pronounced lines of demar-
cation in considering communications and dug-outs.

.. Trenches following any such plan are not so conspicuous, and make
it easier to simulate dummy works in a logical manner wh_lch will draw
the fire of the enemy from the actual lines of communication.

ii. Dummy trenches.—Experiments have shown that between the
months of October and March in northern latitudes, a dummy trench
only 3 feet deep will be the same in all appearance as one 6 feet deep
when photographed from the air at a height of 5,000 feet.

In summer or when the sun is at a high altitude there is a risk of
such a dummy trench not containing a shadow.

At such a time a shadow must be created. This can be done by
cutting down the thinner branches of any trees in the locality and
placing them with the foliage intact on the bottom of the trench. Other
mediums for creating the photographic tone of a shadow are gorse and
brushwood. If available, coir netting dipped in black distemper may
be successfully used to this end.

In mobile warfare or in the course of an offensive, after a period of
position warfare, the hastily dug trenches seldom reach the depth to
create a shadow. These must not be taken for dummy work.

iii. Defended localities.—In developing a trench line to form a system
of defended localities, new work mayibe camouflaged by means of fish
netting and knotted canvas. Use could be made of threes by r~moving
their branches, stripping them and laying them across the trench. Ths
netting should then be laid over the branches and the edges pegge
down on each side of the trench. The netting must always be taut as

any sagging will invariably reveal the outline of the trench.

i istributi g g be sited
. Distribution of spoil.—Concealed t1 enches should always i

\vitilv dﬁDe regard to the disposal of the spoil and use made of the lines
of demarcation already referred to. In all cases where it }:a§ beeil
decided to camouflage earthworks or even to commence any new ¥ ork
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;3 g;:ipc;s-’ looz;holcs and forward observation pt;sté e
. L The siting of snipers’ loopholes.— ted
tion where there is command,phmvc:{'erT;lﬁsitma% be sited in any posi-
?10 nfine them to the front line. Favourableg sit S ok mecessary fo
the parados of the fire trench, in communicqt'es ¢em often be found in
land and in the open in between the trench ‘11111%2 prenches, in no man's
In siting a post an obli i i '
no i que line of
{ﬁi‘ioug' bA,CI]mSlthg giving direct fire acﬁr'(‘)isvg(lyl ]gghfgulr;ﬁdn;gs;a e
kely to be detected th : T Imore
display of the ]oophole.zln one placed at an angle, owing to the greater
Positions built in the parados l
s arados of i i
gac:{.lted when there is phem'v=ﬁri1$eo§v§i;r$gct}:lhzll}: fgp;?e%egiﬁlteiy e
uch positions have the advantage of a di i o,
and the flash of the riffe is difficult to irect view over the pardpet
}211ere ;chge sniper has taken uplhicsull;co;i?ticlfl)f?;e'a »gc?mgllll;iiﬁ?oingeﬂcsﬁ
it must be arr: { i i :
Iy nus ﬁrz ;igqg‘g:gu;}tlgé'the portions of the fire trench crossed by his
ii. The siting of observation posts.—Although the primary object of
-an O. P. is to obtain an_uninterrupted view of the objective C(])ncefxl-
ment, when situated in close proximity to the enemy becomes of para
mount importance, Every endeavour must be made to utilise tp‘th.
Potm;)sg zg-l‘v natural advantages which may pre(sent themselves. ls
ne%aghebogrﬁgg‘éa“on post speedily becomes untenable and a danger to the
1. Types of loopholes and observation posts.—A daptati ft‘l
Oliver O. P. shown on Plate 186 malkes zsz e.xcellléni ?go;hlo(ig.oThlig
enables the sniper or observer to obtain good command. It should be
placed in position at night. ‘
. In placing the ordinary sniper's plate care must be taken to see that
it is out of the perpendicular, as this gives greater resisting force to
the bullet and increases the tendency for a ricochet. ;
.Three types of O. P. are illustrated. They consists of a v-ry lighs
unarmoured, easily portable structure, termed the Beehive (Plate 184);
an armoured form which can be carried by two men without difficulty,
called the Roland (Plate 185); and a heavy structure, which requires a
cabin as a foundation and takes several men to transport it in sections,
named the Oliver (Plate 186).
4. Dug-outs.—Coming under this heading the fo
important : —
Company headquarters.
Battalion headguarters.
Advanced brigade headquarters.
Telephone exchanges.
i. The following points
centres :—
(@) Accumulation of spoil.
(b) Tracks convering towards the dug-out.

(¢) Buried cables and air lines.
(d) Regular shadows.

llowing are the most

tend to disclose the position of these

(¢) The dark rectangular shadow of the dug-out en.trance.
1. Method of siting.—Bearing this in mind, the location of the duigf-

out sheuld be such that the sliloil can be easily distributed ‘nio 0

trenches, shell-holes, ruius or other features, without attracting atten-

tion.
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Provision must he made for the addittonal trafic  Whero the dug
out is situated 1n part of a trench system, the men must keep to the
trenches and on no account take short cuts over the top The entiance
must be covered by canvas or sandbags sewn together

Whero the dug 01t 13 1n the open cire must bo taken 11 laying out
ways of approath and departur 7
natural features tricks being
side_of hedges 1n the shadow
of the background lmes of der
followed

5_Consolwdaterd shell koles —Occupied shell holes may he located
usually by the following —

Spail

Tracks buking up the e

Regular hines and shadows caused by work
Dark shadow of dug out entrance

1_1 reliminary work —\When shell holes are first occupied the mep
should be protected from air obser ation by screens of scrun canvas latd
horrzontally 1n the shell hole siightly below ground level The canvas
should be treated with Light distemaper to tone with the surroundings

It must be remembered however that a shadow will appear 1n sl
shell holes excej t when the sun 15 actually overt ead In order to escapo
detection from ho tile air observation when a screen 1v u ed 1t 13 um

ortant that the screen should be placed lower than the original ground
evel so that 4 shalow effect mav be obtained

- .- ” also the shadow effect

> o frame of bamtoo or

It should te rlaced at

he adajtation and the

en ho tile awrcraft are
active

For dry ground the screcn should consist of serim or canvas distem
pered or muddied to blend with the background For wet ground red
American cloth makes an ! pr b of muddy
water

u Dupo al of spo I —~Al work should be done at might the men ro-
maming under cover by das  bpml must on no account be thrown out
on to the edges of occupied shell holes It should be emg'ned into ad
J3cent unoeccupted craters care being taken not to fill them ap Thus
would be disclosed on an air photograph

1t Connecling up a line of shell-holes —Before making the con-
necting saps hessian cansas or scfun with the edges well serrated and
slightIv toned down with distemper should be pegged with the edges
taut over the intended em\-ﬁuin \\gr}( nltlé!i prn]cced u:xd;meath
The shell hole aten gives ackground for the employment of canvas
an ths ra}:-o and no s i1 care need be taken prongecfn 18 pot rased
abore the ground ley efa

The surrounding shell holes form s ready means for the disposal of
spotl  Yhere the shell holes are scattered and part of the background
135 stsll green, the overhead cover for the =saps must conform with the
tone of the background

F3 h netting having painted eanvas stnps to nmulate grasy cloely
mte- woven should be used where grass exists

v Avodance of tracks —Shell ko ¢ must on o
pected up by tracks V1 1ting patros shozld ¢

4
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night, The garrison of occupied craters must not wander about in
the vicinity of their dug-outs at night, and so augment tracks.

6. St_lpply dumps..—'l‘he successful camouflaging of a dump of this
nature is of great, difficulty. Supply dumps are usually located at the
end of a light railway, or in the centre of a number of well-defined
tracks, which multiply daily.

ds the main work of distribution takes place at night, it follows
Ehalt thte ways of approach and departure must be well marked and easy

o locate, .

Accordingly an elaborate scheme of traffic following the lines of
demarcation would in all probability break down under pressure and
it would be of doubtful n({)'antnge owing to the loss of time entailed
and the constant policing required. The best solution is to make use
of a dummy dump. The railway and tracks should lead past the actual
site and end at the dummy. The real dump should be sited on dark or
broken background, use being made of any existing natural features
such as bushes, or a'diteh. These tend to break up any shadows created.
Overhend camouflage should conceal the dump by day, the cover being
made of fich netting interwoven with painted canvas strips.

Ammunition boxes and other light reflecting surfaces should he kept
covered. :

7. Wire entanglements.—Although judicious siting will often render
wire invisible from the ground observer, the concealment of an entangle-
ment from the airman calls for much ingenuity.

Wire under construction photographs light in fone owing to the
trampling down of the ground by the wiring party. When the work is
finished the tone becomes darker owing to the combined shadow cast
by the entanglement itself and by the vegetation which may grow up
in between the stalkes, r .

This becomes very apparent in the case of wire before defence lines
where the grass has been cut up to the entanglement.

If galvanised wire is used, the tone of the work will be lighter than
when ordinary wire is employed, This soon grows rusty and conse-
quently dark.

The following points, if observed, will tend to render any system of
wiring less conspicuous:—-

i. As thick belts of wire and impossible to conceal, entanglements
should be thin irregular lines, spaced unevenly. i
ii. Wire should be sited in long grass, or other high vegetatlon.
. Wooden stakes should be avoided they cast a far heavier shadow

"l
than iron supports.

. <
6. Application to miscellancous organizations. Forward area.

i ir I t obtain-
1. Buried cables and air lincs.—The degree of concealmen
able over lengths of buried cable varies dlrgctly according to the use

made of natural advantages. . . . Tho
) siting of buried cables is therefore of great importance.
trar':l:e]thSouldgfollow anv marked natural feature, or should chooseha
light background. When taking advantage of the line of a hedge the
excavations should be on the shadow side and_as close to the hedge as
p‘os.sib'ie. Spoil should be kept under cover and not scattered about.:

. L ¢
Saried cables are recognizable on an air photograph by reason o
theiBi‘utl)‘llurred outline and by the straight line followed.
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N ~
When poles for air lies are being erected 1n ’gmund of o dark tome,
the turf should be remoted caretullv and repliced when the egcavitions
are filled ;n  Negleet of this preciution will result 1 the air lines being
disclosed 1n the first photograph by a regular succession of white spots

In snow the presence of the poles 1s similarly disclosed by a line of
black spots caused by the thawing of the snow at the base of ench pole

Parties of men should on no tccount be told to follow the telegraph
poles  This may be an excellent manper of directing them, but 1t will
rapidiy make a track

In back areas where air hnes cross over fields whick are being
ploughed the positions of the poles aguin become conspicuous by reason
of the undisturbed earth immediately around the foot of the pole This
should be broken up by hand to conform with the testure of the
ploughed land \

2 Machine gun emplacements—

1 Posibions coming under arr obseriation only or possibly under the
new of a very distant ground observer

Enplacements 1n areas comparatively immune from observed inter~
ruption can be camouflaged without much difficulty  Covers of the type
shown on Plate 188 may be used

They must be distempered carefully to match the background and
must not be raised }u%her than necessary The nsk of shadow being
great on a background of even tone the fullest advantage must be
taken of broken ground

11 Positions in the foruard area coming under direct view

These are obviously difficuls to couceal All prehminary work must
%e déme at might, and concealment obtained by throwing the spal in
TOu

Care must be tnhen to se. that the general outhne of the grournd 1s
not ltered to a noticeable extent

The camonflage cover 15 J ut 1n position before daybreak  This cover
should not take the lines of o flat-top, but should resemble the false-
parapets made to mash the Oliver and Roland O Ps described in See
5,3 m of this Appendix (see Plates 186 and 185)

1n trenches, machine guns without head cover are easily located by
the regulr shape of the emplacement Overhead cover should always
be made use of, the fabric cmployed, be 1t natural or artificial, raust
conform with the characteristics of the surrounding parapet

Gun positions to be used 1 emergency only must have gauze or
serim pnfnted the local calour fixed 1n front of the embrasure, 1n addi-
1100 to any overhead cover

8 Pill boxes and concrete structures —

1 Sectional pill Lozes —Pill boves partially dugin can be camous
flaged 1n the same manner as machme guns

The types of cazer used will depend on the surroundings In some
cases 1t x{:ﬁ?be pos‘slble to prepare the cupolr af the pill box in such a
manner that 1t resembles the orizunal bachground

ihe front of the position must be carefully screened, and the loops
holes concealed bv giuze or scrim

1 Concrete str ctures —Lhese worls by reason of their elaborate
nature 1nd the quantity of material needed 1m their constructron, will
usunlly only be erected some distance behind the front lime system
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not dealt witk at once, the diselosme and subsequent destruction of the
work 1s only & guestion of time
u Tree —
{a) Natura]l —& platiorm screened by the fohnge of u tree will be
eficient only for a time  YWhen the leaves began to fall detection will
be rertain unless provision has heon made for an artificial screen to be
fixed amongst the branches immediately in front of the ohserver
Such » screen must be desmgned to follow the hney of the branches
and additional ones painted on the man part ot the scresn  These
S =L e ot ha ewt nut in silhouette  No greay albiy s required to
nes

1s far more difficult  Advantapge must

and 3 good background 1« mmperative

an be sureessiully substituted by arta

These dumnnes consist of 2 holfox

trunh up which 1t 1 pussitng W~ 1mb and 50 obtain a clear view through
2 prepared Ioophole towards the top

As the monnfacture of theee frees takes tiue and reguires skilled
Iabouy, » month must elpse between the chosce of ste and the mght
of erection

The tree selected for reproduction must be wot only suitable m girth,
beight, and form, but also must be 1n 3 posstion of farrlv easy access
furthermare, 1t maust be 1 an ares where heavy and conmistent shelling
does not take ploce so that 1t mav stand x rewonable chance of hie
(See Plate 189)

Dummy trees are also adapted for the snsertion of periscopes, she
observation being dons in the secomty of 4 dug out st the base  (See
Plate 190)

1. Appheation to arhillery organizations ¢

1 Camouflage of baitery positions —The presence of a battery 1
revealed ravariabh by the followmng mdications —
1 Tracks
3 Regulanity
1 Debris
aw Shadows
v Blost marks
v1 Flash
vt Sound

tmé’m‘.a 161 ilustrates o badly sitea and badly concealed battery pos

voints comiman ta mohile and posttion warfare,

¢ Chaice of posstion —If obtawnable, an awr photograph of the
4 ared

shoutd be used a3 2 gmde 1 the prehun'nary mccnnaxsgsnn%e ¢

Caretut sefection of the groung with a view to tonceatment, angd sug-
gestons 2 1o the manner m which Soncealment may be most expedgx-
tously and simply carried out wilt render the task of the camoufeur far
sasier and more cer{aimn of suscese,

It 15 most anadvisable to select o posibon near any natural
+h ch mav facilitate the enemy mwman rangweg 2 hostile bax‘t'earyiﬁ“ts{xg
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event of discovery. The initial scheme mu ' : :

S . niti: st allow for treat -
outs., mid reserve ammunition as well as the provision of elg(saili; fig(l}legn
approaches to the battery. 1t is not sufficient to hide the guns alone
and neglect the remainder of the battery organization. -

Camouflage is unlikely to serve its purpose if i
g e if provid
guns and persounel have been placed in p(IJ)sitiI:m. provided after the
3. Advantages of broken background.—Considering Plate 198 it i
' of ‘ nd. ate 192
easy to see how difficult the idsk of hiding a batterygorganizationltbi
comes when that battery is sited in open, unbroken-country. .

No natural features suggest positions for

guns, dug-outs, or tracks;
all have to be concealed, and at the same time no d 1 4
made from the natural tone. no departire must be

Plate 193, showing broken country, makes th ,
form of back,:ground appare;lt. 7 3 the advantages of that
The many varieties of tone will tend to hide any alterations created
by new work. By making use of shadows cast by natural features and
of the features themselves, the artificial work necessary may be reduced
to a minimurm. ’ ’ :

All work should be sited on the shadow side of natural objedts,

It may be advisable to consider the question of siting . from the
psychological aspect. Woods, hedges, trees, etc., are all favourable to
concealment, but at the same time are obvious positions for artillery.

It is clearly unsound to choose a hedge, when the enemy shows a .
particular partiality for engaging hedges. %:'[Jence, considering all things,
it may be the most far-seeing policy to choose a less favourable position,
rather than a naturally perfect but obvious location. .

4, Tracks.—See Sec., 4 of this Appendix.

" 5. Regularity of spacing.—In thé stiidy of nature from the air regu~
larity is invariably a sign of man. Regularity of spacing, should be
particularly avoided, and guns should be uneveniy spaced as far apart as
1s compatible with control and the ground available. Such an arrange-
ment not only makes it more difficult to locate them when silent, from
the air, but to some extent minimizes the effect of hostile artillery fire.

6. Debris.—The presence of spoil is immediately detected hy the air-
man, by reason of its light tone against the background. A scheme for
the disposal of spoil must be thought out before any work is commenced,
and if overhead camouflage is to be erected this must be put up before
a sod is turned. -

All turf should be carefully removed and stacked to be replaced 6n
the debris when work is finished. It is usually impracticable to remove
the spoil from the neighbourhood. Surplus excavation should be
collected on the shadow side of any hedges, buildings, etc., and covered
with material to blend the heap with the surroundings.

Debris should never be left uncovered, even under overhead camou-
flage, as the high light reflected from the spoil cannot be cut out by the
fabric of the overhead cover. b , .

7. Shadows.—Solid bodies are recognizable when photographed by
their cast shadows alone. . .

The most dangerous time for the battery and the miost favourable
time for the airman is in the early morning or in the evening, when the
sun is low and the shadows are long. ‘ )

All extavations cast a distinct form of shadow, and can be identified
accordingly without much difficulty. .
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The risk of detestion is lessened by sitng the work among broken
ground, but
overhead camouflane should be erected first before any work s coms
menced  No cover 1s always better than a bad cover,

In striving to nde the small though well defined shadon east by n
gun, the unshilled mave eaaly produre n so-called eover which will cast
rot only n still more noticenble shadow hut have a completoly different
tone to 1ts surroundings

‘or mohle warfare 1rregularhy spaced guns covered when not 1n
action by paunted serim garnished nets or natural camouflage such as
branches will probable escape attention 1f well sited  Divouacs may be
simlarly covered  Plate 194 illustrates o howitzer Lattery concealed by
use of natural camouflage

& The flat top corer—This form of cover consists of a foundation of
erther fish netting or ware netting having fabric of different naturds

sewn or tied to 1t a
- v e 3ot - .
i .
[114)
ve
westn ¢

The centre 1s opague enough to mde the pun or empiacetnent under-
neath while the fabric thins out towards the edpe of the cover  This
thinning out blurs the central shadens wnd at the same time 1s suffis
clently irreguinar to prevent any defined outhne

There arc 10 sides to the vover ana the 1ntervals betneen the patches
of material allow the hght to penetrate and break any shadows caused
bv the cover itcelf The cover 1s i pported on a frimework made of
posts and wire having the outuide posts staggered  The height above
ground varses according to the type of work beneath, but 1t should be
a3 low as powible Tho materials used on the cover vary according to
the local condations

Owing to the tune and labour riquired to ~rect this form of cover,
1t will onkk he practicable when 1 hn‘;t of some duration s anticipated

The follow:ng rehedule sets forth vanous types of caver to smt fiffer
ent kinds of country -

“atnre of ground ‘Material on cayer
Graes rotintry wtripn_of green painted camsy knotted on

four lation
Denso in the centre  Thinnine 01t t0 edgen

Grase a1 earth mned Targo srrogulor walands of aerim | awnted enrth
eolour eurrounde] 1y sanvas kuots

Shelled arer Larzo irregular 1elands of renm (mud cofour)
in‘eentre  Smaller patches ot ¢ lges

Wmmg distriets Black and white canvaa nm[n alternating,

{ it a preponderance of blac
Roms Rod whate and brown strips mice ]
Gores and heather Cor neta placed on irregular framework

NOTE —In every ease the foundation is the same, 1 ¢ , fish o wire mettug o
pole and wire frame
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9: Wire netting cover (see Plats 195).
This cover is made up with a centre of #-inch me i
4 : 3 - sh nett
ed by a fringe of -§~1130E nebting, A seco?ild layer of ;inlélhg ;:{{i%ugn?;
super-imposed immediately over the object to be concealed and the
E»;Yg;slts téféltpmntit_i as explained below.” The cover is designed mainly
G 10tographic reconnaissance, and i i~
viewed optically at low altitudes. 15 semi-transparent when
It is essential that the object to be concealed should present
surface to the light, otherwise it will be distinguished thrg)ughetheacgvlrg?
the extent of w ich is determined by the length of the cast shadow..
This type if properly bandled should throw a shadow of negligible guan-
tity, but if the netting be allowed to sag and thus present an opague
surface to the sun’s rays this advantage will immediately be nullified.

Up to the present, trials have only taken place over grass and chalk
céuntry, and it is therefore impossible to lay down any definite colour-
ing for other forms of background. A very dark non-reflecting back-
ground such as a spoil bank in a coal mining district would be most
unsuitable for the employment of this cover, which depends upon re-
flected light for its opacity.

The degree of efficiency of the cover may be said to depend on the
reflective properties of the wire mesh. Actually an all white cover is
more opague than a green. Continuing down the scale we arrive at
the black painted netting which is valueless, being tramsparent.”

Although the transparency of the cover when viewed from heneath
gives little sense of security it musi be remembered that this type of
screen does not depend upon mass, but on an infinite number of mnnte
curved surfaces reflecting light in every direction, It is an elaboration
of the old-fashioned bead blind, where those inside had an undisturbed
view from the windows thus equipped, knowing that they ‘were invisible

to the passer-by in the street.
Advantages.—The chief advantages of the wire net cover over the

old flat top are— \}
i, Its reliability against air stercoscopic photography, up to the
present, The old flat top could almost,in\lr:‘m%bly" be detect-

. ed by this means.
ii; Tts non-inflammability. )
iii. Tts durability. .
jv. Its comparative ease in manufacture, ) .

v. The smaller area necessary. R .
hacks are the present lack of an easily

Disadvantages,—The chief draw 1 1 i
portall;sﬁa g’orm gof wire neb cover and the difficulty in handling large

areas of netiing.
ScmepuLe IrrosTratine Tyees of WIRE COVER usep ox Varrous
BacrGroUuNDS.

Nature of gronnd. ] Treatment of cover.

. . | Cover painfed mid-green with o tondency to
Grass lond lighten tone in centre.

Edge disrupted by black paint, .
N land jutor- | Mid-green and white patehies ; distupted edge.
Clalk patohes and grass White patches #hould be over objeet beneath

mingled.
_ cover. e e et e it
37 chalk backgronnd, or white me- All white cover.
talled road—ot concrete. e e
Sand . . . . Yellow-brown to euit predominant natural
= L tone.

No confirmation yet cbiained by experiment.




Ay large amount of tr foTls re € rily toke pi ce popt Mese
dumps the proys un of s 13t € Ir K host be loruscen befory ihe pump
18 sited

i No unncoessary excesy of personnel
phould ba wcen modit d B the » T position proper

¥

05 alsy extreme y G {fClit t keep unemployed men under oover
when the sitwation s quiet  wd U appeirs safe
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right angles to the battery position, thus avoiding any possible sus-
picion of another battery position.

During their construction care must be taken to guard aga{nst the
same causes which tend to give away a battery position when the gun
emplacements are.being constructed.

16. Wagon and horse lines.—See Sec. 10, 8 of this Appendix.

17. Dummy positions.—These have a dual purpose : — ~

i. To attract the attention of the airman and thus cause him to over-
look an occupied and active battery position. (See Plate 196.)

ii. To simulate a large concentration of artillery by augmenting the
batteries already on the spot.

Dummies are invaluable in areas where the absence of suitable
natural features renders successful camouflage extremely difficult,

Tor instance, a battery is obligad to take up a position as shown on
Plate 196. The provision of a suitable covered approach is an impossi-
bility, and the only successful solution is a well-defined track passing
through the battery to a dummy position at a good distance away.

Hence, given space and time, a dummy position cleverly sited and
exploited  is an invaluable addition to the concealment scheme. The
moral effect of a successful dummy is excellent. i

A dummy position must always be placed at a safe distance from
the parent battery, and the constructors must avoid placing 1t near any
other important point.

i8. In the construction of a dummy the following points should be
noted : — , .
i. The dummy must he realistic. Obvious work should be avoided
as tending to disclose the real object of the position.

ii. Tracks must be made and maintained. It is not sufficient to
make a path and then leave it. A few days’ neglefttm“a?g
noticed on a phovograph. Men must be detzplﬁ ijvon
about the dumny position in the day, and at nig t a wag
should drive up and down the track.

Rain also tends to eliminate tracks.
Turf must be re

iii. Provision must be made to simulate spoil: 9
moved and surface spoil scattered about. 0&@35)?;‘;3?“0“
boxes, sandbags and other debris can also be distr

iv. Dummy blast marks should gradually be made.

ly.

It is unnatural for well-defined traces to aPPergI(; ‘fi‘;(édsggyé_

These can be simulated hy cutting thé grass or bre Taying down
tation from the front of 1he supposed gun or by Iay1ls

painted scrim. .

v. Flash screens may be erected, if time permits, in sw
tions calculated to attract attention.

; : : actual
vi Arrangements must be made for firing either an 2
flash puffs frequently fror the dummy position, pre
when Iixostile aircraft are about.

. osition om
A gun or bombs should also be ﬁr.eI? (f;gg; i}(.’)e d[éc:aive this

days favourable for sound ranging 1 der b ased by suc
form of enemy intelligence, but the decep l?ds e fired from
positions will be short lived unless live rounds ¢
| hem now and then.

[

table posi-

un or
%embly
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Tt is essential that, if i

v It ractics 1
should hq available be?orept}?ec cll(;;}g: ’o? lgooocé. andf regent air photog;' aph
1s mado in order that the greatest ad %a lon for fhe battery position
surroundings. VI‘-}I age may be taken of matural

Especial care and { i ; '
tion‘of e take(s)re;s)ll%}clg m;}l‘zte bgr:fsﬁeg g?gl?le?xllly Iagge concentra-
su = ace. 1 and am iti
Ag})%gdx\::ﬂ)‘ require much preliminary work. (See Sec. 10, éﬂ 1(l)lfm‘i;llcl’ilé

Camouflage factories 1 i i
no shortage of artificial f]'}ll)lifcsb (in‘av;r:negu: ell in advance in order that

24, Decauville railways,—I ' i

. ys.—In many cases, owing to the number
; gslftlilgnor shell handled, a Decauville track will be run into the battfx}g

Complete camouflage is rarely i i i
serim Jengths laid ovgr the tragk p\:}sxsextlilsl'ot%;r?l}ssél exgane%)s e pami-"t:?
This form of concealment requires constant a,ttentiony M:adsufqess .
length of track, vast quantities of material. The most econo’m'((:)rl anré'
srlfxccessful method is to prolong the track to a dummy battery olr ?111311;3
over;ﬁ%isgnggvg).ls dummy track can be made to run over the top of the
ropék Decaurille railway track can be simulated by painted canvas or
25, RRailway mountings.—Owing to the si i i
way track the camouflage of this fgrn: of 1§es;;%r;w?sdo?c:§$§gréyéril c]:ﬁ}-
m_la requires much skilf and ingenuity, Fortunately notice is usuallgr7
given hefore this type of gun is brought into action, and it is thus
possible to prepare tﬁe elaborate camou%lage necessary., i

The nature of this eguipment necessitates laying o spur from the
local line 1o suit the requirements of the gun. As in the case of the
Decauville the concealment of the entire spur, unless the natural sur-
roundings are exceptionally favourable, is an impossible task.

The track should be continued past the actual emplacement to a
dummy gun or buffer stop. It is also advisable to prepare several alter-
native positions and dummies, which all tend to confuse the airman.

It will not be practicable to erect overhead cover over the gun owing
to the great size of the structure reguired.

The. gun must be tran§formed into some non-important object.

Examples:—

i A Shed.—Care must be taken that the construction is strong
enough to resist vhe shock of discharge.
ii. A Dump.—In the Great War a 12-inch howitzer played the
part of a small dump with great success.
iii. Brushwood and fallen tree debris.—The mounting should 'he
covered twith a garaished net or painted scrim sheet and

branches leant agaiust it.

iv. Natural features.—Xvery advantage should be taken of natural
features such as a tunnel o1 railway yard. The gun could be
kept in the tunnel whea not in action, or in one of the many
sheds found in a yard.

reat weight of

_26. Super-heavy road mountinygs.~—By reason of the h
this equipment and the difficulfies of ammunition supply the position
occupied should always be near a good road, which places certain limit-

ations on the choice of ground.
The judicious study and use of patural features is more than ever

required to attain a successful end to the concealment scheme.

¢
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Srze will usually prevent the use of complete overhead cover, and 1t
T mg to mash. the dug outs ant
rate worh on the guns them
care must be taken to break up

In open country large ordnamnce wre best spaced irregularlv and
covered with fabric, either garmished nets or serim  This helps to dis
tort the shadow and hides the <hane

In wooded and broken country pcsitions can readily be found Guns
can be placed under trees and ncis spread over them, using the trees
as supports Trees can be augmented by dummies made of wood aud
prunted canvas strips Buildings snd ruins also lend themselves to the
easy concealment of guns

8 Application to ruses

1 Snpers heads ~The specinl use of smpers’ heads 15 the locating
of enemy smipers They are modelled 1 papier mache

In use the head 1fraised above the parapet of the trench to a height
eneraily decided upon 1n advanca by means of 2 device which admts
the use of a special periscope later on  Should the enemy smper tahe
advantage of such an excellent target a clean bullet hole through the
dummy head would be the result By mniking use of the special pen
scope and the apphiince mentioned (sce Plate 198) the lding place of
the smper can be located

2 Chinese aftacks —These conwist of dummuy sithouette figures which
can be mampuloted to simulate an actual atiack in position warfare
under favourable conditions Plate 200 explains the method of em
ployment of the silhoueite 4gures

The device has_been emploved with considerable success and would
serve to disguise the locality of t' e actual attack or possibly make the
enemy disclose himself

‘When these figures are used 1n conjunction with smohe screens or
misty wenther 1t is impossible to distingmish them from real men advane-
g to the assaunlt

Thedpmductmn calls for 1 pood denl of skill and knowledge of draw
ing and colour In their gresent form thev are intended to defeat
ground observation only  Thev are without any photographic value, the
successful application of the 1det to areas both antioptic and anti-
camera 1s a matter for mvestigation

Photographic evidence of the move of troops 1s toncerned more
directly with the effects of such evolutions on the normsl Inndscape and
not with the actual cause

" 3 Dummy concentrations — he camern never gives 1 false represent-
ation

s 3s 4 true stitement and recogmized fact nd therefore the
fallest use should be made of it 1n nll schemes of deception  Hence the
dummy concentrtion, whereby th~ reproduction i simple form of war
materials at certmin points leads the enemv mto the helief that am
attnek 1s impending

To be successful, such a concenfration must be on a large seale, wh
necessitates the construction f ti ese forms in such a2 manner that 1
quantities may be packed 1nto a small compass for easv o
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There is no necessity for the printing of these appliances
realistic as thoy cannot he judgold at c]gze qu:u-tersp):?y the erfgmgre ;i(;g
man. The first essentinl is for the forms to cast shadows which cannot
bo distinguished from the shadows of the real objects in photographs
taken at a height of 5,000 feet. A- a lower altitude than tﬁis it is un-
usual for an airman to fiy over gnemy country,

Experiments are in progress ou these lines, and Plate 201 shows the
drawing of a G.5. wagon in silhonctte form together with the aerial
proof of its effectiveness at 1,000 feet.

.. The possibilities of this method of deception are great, since the sil-
houeties could be manufactured iu large quantities quickly and cheaply,
in addition to which very little transport would be required to carry
out an effective scheme (See also Plates 202 to 205).

. The appearance in air photographs of what appears 1o be war mate-
rinl and the continual changing of its disposition is bound to have a
puzzling effect on the mind of the enemy reader.

Even should the ruse be discovere.| eventually owing to bad manage-
ment in the matter of camouflage and tracks, it is more than likely that
in tho inferim much good has been done by diverting attention from
the real concentration. There are times when some attempt must be
made to camouflage these duplicates. In all warfare important objects
will be hidden as much as possible, and therefore in all simulations
similar objects should be correspondingly dealt with.

A dummy gun, for instance, should have a camouflage pattern
painted on it, and, when stationary, provision made for overhead cover.

The provision of adequate tracks is of first importance. These are
made more easily by the actual vehicles themselves.  The various devices
for simulating tracks are far {rom being perfect.

Tt would not do for a double track to appear when a vehicle has only
done one journey. The best solution is for the real vehicles employed
to make tracks in all directions over the ground and so create z maze
from which it would be quite impossible to detect actual individual
tracks.

i i i i st also be consi-

The unloading of these dummies prior to erection mélh also be consl-
dered. This should be done on a roadway and not in the of th
suli)posed activity, where tracks would converge and make a veritable

“ulls-eye.
9. Application to tanks.

i T i the air by cover-

1. Vertical concealment.~—Tanks can be hidden from 1 ;
ing them with the ordinary ‘labiops in the usual way and, 1£1 no;?ll::fg:
e ' latitudes, choosing positions whera there will be shadows such as ,

1 N
or on the north side of, trees.

f it is possible for a tank to be placed in constan
topIm:my iepdispensed with afn:l mlq }dfrk, Irousg}; ggfut ifet‘g?cig onI ttcr)n f]!;:
tank to hide any reflection of top light such a AR
bered that any object with.a large area of po g
2:11;(3)!1? elr;:a)?xliedden uules); some light absorbing medium is placed over
those parts.

If possible, sites for tank pu
cent tg roads and against buildings, trees or any
big shadows. Tt must not he forgotten, however,

stant shadow, the flat-

wrk chosen immediately adja-
ks shonld be any objects that will cast
sr, that a white-washed
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building w1l reflect 2 certain amount of hight on to a tank, so 1f there
are other more smtable buildings 1n the vicimty they shoufd be chosen
in preference

If such positions are not possble, a pergola o‘f smtnl;le camouflage

~mng
any

t be

. the

- " ~ — ' ually, extend 1mto
mar other evidence 13
acel ade to ensure the
sup uture operations,
and to a false deduc

tror

As the whole question of the concealment of tank tracks bristles with
dafficulties, 3t 1s chiefly by exermsing ingenmity 1 the matter of false
tracks and the use of dummies that the enemy will be decerwved

2 Horzontal concealment —Somethmg can be done to break up the
outhine of n tank by the method }nown as disruptive painting  (See
Sec 38, & of this Appendix)

As tlus 1s only of use when th» tank 15 at rest and the background
unchanged 1ts emplovment in actual warfare 1s of hmted advantage

- - *  certun whether 1t 18 possible by a
ge the direction of a moving tank
If successful 1t may result 1n a

The use of stereotyped designs on particular objects cannot be con
demned too strongly ~ [f persisted 1n, * camouflaged  material would
become known by tgese patterns

10, Application to rear organi~ations under verfiwcal obseriation only

1 Defenmie posittons —As with trenchey, defensive positions cannot
be concenled effectinely Camoutlage should be cnnﬁne% to trenches
forming part of a system of defended localities

The wir [T FUIE TP VO )
can easily

Wire over

work 13 we

wooden stakes should be A 01GLU M Pussitie

An opportumty oceurs here of making use of dunmy trenches and
wire 1n front of certtn points to draw attention from camouflaged
positions  These false works must not be near the actual trenches

In clay 401l sufficient earth should be excavated to cover anv grass or
undergrowth mn front of and behind the tremch This will give the
effect of a fully excavated trench 1n & photograph with the addition of
3erttnhm devices montioned 10 bee §, 1, u of this Appendix to represent

ep

VWhero the sub so1l 1s chalk, the turf should be preserved and lud,
prass side down, 1 the exeavabon  This will gve o hghter shadow
than the methods of Sec 8, and '\It\m\ufﬂ\ not perfect nhen photographed
at a low altitude will tone farrly woll wath the shadow contained in a
fully excavatod chilk treneh f photographed fram 5 000 feet or above
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The amount of light reflected from the sides of a chalk trench is
responsible for the reduction in tona ot the shadow.

Suitable ditches can be converted quickly to give-the effect of actual
trenches by removing the turf in front over an area to correspond to
a normal parapet, and placing the cut turves grass downwards in the
rear of the ditch to represent the parados.

2. Dumps.—The most usual photographic sign of a dump is an irre-
gularly worn patch of earth towards which many tracks converge. The
importance usually varies accordin’ {0 the size and number of tracks.

A

. In back areas dumps are usually found in the midst of multiplica-
tions of railways and roads; in fact, anywhere where the transport pro-

blem is made easy.

Lax track discipline has besn responsible for more damage to dumps
than any other cause. This is less excusable when in the case of the
majority of dumps excellent roads and paths are already in existence.

. Judicious use of these existing roads and strict traffic discipline, com-
bined with a careful choice of background in the siting of the actual
dumps, will reduce the chance of detection greatly, although the success-
ful camouflage of a large depot is generally a matter of great difficulty.

An intelligent use of the knowledgze of tone values will enable sites to
be selected affording favourable backgrounds of a_ lighter tone, often
adjacent t0 main roads, rectangular in shape, and in appearance the
very antithesis of a dump.

Failing such a site, any field of « similar shape could be chosen and
stripped of any turf or undergrowth at the edges, the ordinary traffic of
wagons and men being responsible for the obliteration of the remaining
grass in the centre. A dump arran%ed in this manner stands quite a
goad chance of escaping observation for a time.

Entrances and exits to these dumps must be fenced strongly to make
the traflic keep within limits end not cut off corners.

At the present stage of camoufioge it is not practicable to erect an
overhead cover over an entire dump with the exception of certain isolated
cases. A forest of supports would be required to support the fabric,
and these pogts would geb in the way of traffic and be a great obstacle
to the efficiefit working of the dump. The fabric itself would require
constant attention, while the repeated sagging of the material would
make it extremely difficult for the tone and appearance of the original
background to be maintained.

8. Headquarters.—The presence of troops and consequent activity in
the vicinity of headquarters often enables the enemy airman to locate
their situation without reference to a photograph.

All things being equal a site away from the main road is the first
essential, a%ld strict track discipline must be enforced to prevent the
numbers of tracks which will otherwise grow up. *

The necessity of speedy communication, however, often demands that
these places shgll "Bep sited on main roads, Agam’st such backgrounds

ordinary activity can be seen by the airman.

A situation demanding the specdy despatch of troops by daylight

i : i i tivity
oives the enemy a great advantage 1n locating the hub of the ac Y
and the remed}s: lies in the selection of a day rendezvous for despa‘ib;ﬁh
riders and messengers at a suitable point some distance away from the

actual headquarters. , —

t
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Prominent natural features should be avoided, as they afford ex
cellent points of reference for the enemy, and may be used to calibrate
guns on even 1if there 1s no visible or known target

A
care
may
on no
area

4 Camps —Wooded country 1s the best situation for camps which
should be sited under trees and immediately adjoining roads and paths

Regulanty should 1n all things be avoided and no attempt made to
lav out the camp on straight lines

5 Tents —Should be painted n burnt umber for all positions If
there are no trees on the site chosen broken ground or ground covered
with gorse or bushes will be found useful to assist concealment These
will help to merge the shadows of the tents Tents should never be 1n
line 1f they are to escape observation

The tops of the tent poles should be connected 1f possible with rope or
wire and granches of trees or bushes tied on to these connections, this
will help to distort shadows and to conceal tracks around tents

- - on hints assist any camouflage
t sith a broad design, black and

1e black preponderating at the

. w
When siting huts the ortentation must be considered if they are
to be camouflaged

On very low structures painted scrim has been used effectively to
elminate shadows The slopes of the roofs are continued on the
shadow side down to the ground, and holes are cut into the scrim to
give the effect of shadows of small objects to assist 1n the deception

7 Buillets —The first d: 15 the P of tracks If
the billets are not on a roadwav extra precautions must be taken to use
only the existing paths For further information on this pomnt see
Sec & of this Appendix

Tf there 13 a choice of hillets those adjoiming marhed ground features
should be selected provided there 1s easy access to the road

Eky lights and windows should be covered with opague material at
night

Men must on no accaunt loiter about outuide billets Men being
drilled on roadways must break up when hostile aircraft approach and
seel the cover of the hedggs or stand still on the wides of the road

Tn fields formations must be broken up :mmediately and the cover of
trees or hedges made use of 1f avmlable The exerasing of troops in
fields should be arranged so thut the wear 1s even over the whole area

8 Torse hines wagon and lorry parl s —Tt 1s not at present pract1
cable to erect overhead camouflage over such large areas as wounld be
effected 1n this connection, for the reson given under paragraph 2
shove .

Judierous mtingy  having regard to smitable roads will certasnlv lessen
the chance of 4 ut unless ¢ 1 natural advantages are
availablo the task 13 one of extreme difficulty

Whagons and lorries should he parked on the shadow side of treey or
buildings A road must be adjacent or the position will be given  ay
at once by tracks
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The track problem of any horse lines needs the greatest foresigh
- . - t.
Z’glﬁi in zt-;ouj:es shogl{d be prowhde% for traffic and eas’%' facilities pro%'id-
1 Tor watering. Moreover the lines themsely i
with a solid standing. % have to be provided
It is possible to conceal horses in woods or ruins and arrange for the
tracks to and from the water troughs to run past the actual lines to
a dummy prepared at a distance.

It is an impossibility to conceal horse lines sited in open country.

. 9. Aerodromes.—It is impossible to conceal these for any length of
time, owing to their size and constant traffic.

Aerodromes sited by a wood may be concealed by continuing the
pattern of the trees on to the tops of the hangars.

These should be placed in clearings in the wood so that the edge of
the building will 'be in prolongation with the edge of the woods.

. The non-sitadow side of the wood should be selected ; this does away
with the danger of-a tell-tale shadow caused by the different height of
the hangar and the trees which would occur if the building was on the
shadow side.

A certain aerodrome in Belgium, during the Great War, escaped
observation for a long time. This p ace, was built on_a market garden
and_the rectangular patches of the crops were reproduced on the tops
of the hangars. The background being dark, the shadows did not show
in the air photographs which were taken. Eventually a photograph
taken when the shadows were very long disclosed the actual situation.
This shows how much can be done when an intelligent choice of site is
made.

11. Application to permanent fortifications and large buildings.

1. Permanent fortifications.—The size and regularity of design of
these works renders their successful camouflage by day practically
impossible.

The parade grounds of forts must be raked over, tarred, and scat-
tered with ashes or coke breeze.

Bushes and vegetation should be encouraged to grow over the works
and sentries should only use as a regular beat some hard surface which
will not show any traces of their track.

The guns themselves and the well of the emplacements must be
covered by overhead camouflage of a design to blend with the local
background. o sifbeulty

l; essful treatment of the concrete aprons is of some ditic .
Altgolsg?lu%%rfs can grow if the sods are cut sufficiently thick, the blast
of the guns will soon remove the grass. Expanded metal bolted into
the concrete is possibly as good as anything; this must be continued on
to the grass on the edge of the apron and should be well serrated. (See
Sec. 7, 9 and 10 of this Appendix.) Lot tion in the vicinity, to

be made of a dummy battery position in the ,
Whitcrliet}il;agroad leading to the real fort can be'm%dc.al ;f’ apli)e:{r tq Ienf.

V jewed from the sea, guns and certain buildings belonging to
for’o‘; hselﬁzlylggbattery commanders’ posts or position finding cells, inn(}lf
occas’ionally be silhouette? agziinst the sky. tAoﬁ?ela)etI:e 121[1’1'11?12’023 e;:)nxvis
to create a background for these prominen cts. é nled

tilised, but it must be remembered that usu:
zizzzngrgzz%&e‘;bﬁrieui; lzsz véry exposed position and therefore must be

of an exceptionally strong design,
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N

APPENDIX XI.

SANGARS.

1. Sangars are breastworks made of stones and are wsed to provide
cover against rifle fire in rocky country where the construction of
trenches is impossible (se¢c Plates 206 and 207).

2. Design of sangars : —

i. A square gives four had salients, A circle gives diminished fire
power, but experience has shown that a eircular trace is
normally best for small works and is the easiest to construct.

When the sangar is overlooked from within range of rifle
firo an inner ring of stone wall is necessary to form a parados.
The trace of the walls is therefore two concentric circles, the
distance between the walls being about 3 feet.

1. 'I‘htiﬁkntcss of walls.—3 feet at the bottom and 2 feet 6 inches at
e top.

iti. Height of walls.~—4 feet 6 inches.

Details of n section of a stone and earth sangar to resist shell fire
are given on Plate 206,
3. The size of a sangar necessary to accommodate a certain garrison
can be caleulated as follows : —
On the assumption that the diameter of a circle is, for all practical
purposes, one-third of the circumference.
The number of the garrison gives the diameter in feet of the sangar
measured to the inner edge of the outer wall. This allows
one man for each yard on the perimeter.

4, Miscelluneous points on sangar building :—

i. Complicated doors should be avoided; at first instance a space
3 feet wide should be left in the wall to serve as an entrance.
Stones should be collected and placed inside the sangar on
cither side of the gap in order that the gap may be built up
when the garrison is inside. Later a more convenient
entrance protected by a traverse can be made.

ii. A course of turf or sandbags filled with sand or earth, where
procurable, should be laid on the top of the parapet and
parados to minimise the effect of splinters.

iii. The top of the walls must be made as irregular as possible in
order to conceal the heads of men looking over. Stones,
rather larger in size than s man’s head, provide the best
head cover.

iv. The largest stones possible should be used in building and a
supply of stones for repairs collected inside the sangar.

v. Loopholes are difficult to construct without the use of timber,
wooden box loopholes or steel plates. Where none of these
are available and the provision of loopholes is considered to be
essential, large stones should be used, care being taken that
the opening on the outside of the wall is as small as possible.
Under normal conditions loopholes should be about 1 foot 6
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nches above ground lerel and 8 fe¢d aprrt  When loophales,
are provided, the trace of the parados wall must be adyusted
to permil » man to fire Iying down
w1 Burlders should work in pars one man inuide and one man
outside the wall Carriers to be dicided inte groups ot6,
one group of corners working with each pur of buslders
€ Caleulations far fime and labour 1n construction —A rough wden
of the fame 1nd labour regwred to bufld a sangar can be formed from
the follomng d+ta which are hased on experlence with well traumed
men
When materials are avarlable within 50 yards of the site of the sangar
6 builders and 1B corriers with 6 picks and 6 shovels can construet a
sangar for 20 men 1n 2} hours
© Waire obstacte —~When the stores are avaiable a wire obetiele
<should be constructed to provide additionsl security for the garrson
Two rings of double apron fence mted about 15 and 30 sords from
the sangar, should be erected when time and materials admit
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Gyns—

——— Description general ., . . .. ..
—— Design, factors governing .. .. .. .
—— Lashing legs of (Plate 98) .. .. . .

—— Stresses in .. . . .
—— Working with, points to be obsen ed .. ..
H
H.E. shell, action of . . . ce pee
Halir-pin holdfasts, use of . .e .e e .
Hair pins, use of (Plate 10) . . ..
Handrails, bridge, particulars of (Plate 100! . .o
Hasty defences, use of . .. . o ..
Head cover, definition . .. .. . .
" means of provision .. . .. .
Headquarlers—
—_— Cgmouﬁage considerations ,. . . ve
—— construction, order of . .o ae ..
Infantry and artillery, provision ot .
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—— Cutting stems, unit {ime and work v .
—— Defence of, preparation {Plate 68) .. . ..
Entangling, unit time and work .. .- -
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e . ..

Helve, definition .. .. .e
High angle fire, deflnition .. . .

Holdfasts—

~—— Baulk, construction (Plate 95) . .o e
—— Dascription and strength (Plate 9b) . -
—— Drawing of, methods . .. .- .o
—— Log anchorage, construction (Plawe 83) .. .
—— Screw anchorage pickets . . .- ..
Horss lines—

Camouflage considerations .. .o P -
~—— Protection from bombs, notes . . ..
~—— Stabling, construction of (Plate 123) . .
Horsed transport tracks, construction of .. -
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——- Platforms, description (Plates 82, 86, 88%) .. .
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Night work, introduction .. .. .. . ve
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Ramps into and out of trencho1 not to be made .
Itangs marks, providlon of in defence ., . ..
Rations, storage of In fly.proof safe (Plate 135) ..
Rear positions, definition .. . . .. e

o systems, organfration and uee .e .. ..
Baocaq, eactsidee, splinter proof (Plate 81) . ..
Reconnalssance—

— Alr a4 nflocting comouflags . e .
s P fensive syetem, conditet of e .e e
w~— Domolitions, importance of e .. .
~~~ Firld dafences, Importance of for .. .. e
-, works, factors nflecting e s o
—_—— . « Important factors e ..
== Forcing o tiver, importance of cautfon in ..
—~—— Officer In charpe of work .. . e .
~—= Screentng, necessity for . . .. .
Siting of trenches . .. .. .. e
- Tramway track, xite of . . .. e
Redonbt, definition .. .. e .-
Reeving a tackle, method .. e e . ..
Relief of working parties, important factors .. .
. work, definition . ve .
Rapalratoroads .. e . ..

.  trenches, methods (Plntc 54) .. e e
Respirators, antl-gas, wearing of by working party ..
Rrtrenchment, definition .. . .. .. e
Baverse fire, definition . . ..

»  Mope posltion, siting trcnchcs on (Plntc 42) .
Revelments—

w—— ' A" Frames, method of use In (Plates €, 8, 48)

—— Anchor, type of (Plate 88) .. .e .o ..
e " txe of and recovery (Plate 88) .. .
—— Brushwoud, ue ofin .. . .. .-
—— Canvas, no use fn .. . .. .. .
- Communicat{on trenches, conaiderations .. .
——— Corrugated [ron, use of in .. . .. .
— Expanded metal, method of use in
—— Fire trenches, cotisiderntjons .. .. ..
~— Gablons, use of in .. .o . . ..
Machine-gun emplacements .. .o ve .
—— Plckets, use of in (Plate 63) .. .. ..
—— Planking, use ofin .... v e e e
—— Standbag, unlt time and work .e .o
——— Sandbags, preparation and use In (Plate 84) .

—— Sheeting and achared pickets ; unit time ani work

—_— 13

—— Sod, unit time and work .. ve .o .
——— Sods, use ol in. . ‘e .e . . .
—— Sump pits, method .. .. . . e
——— Temporary, heather and grass, use of e .
—— Trenches, conrlderations .. . . ..
——— Types of, particulars .. . . .. e

——— Wire netting, no use In

TRides, provision of in defence of woods (Plntes 18 19, 43)~

Rifle fire, ranges and penetration ..
Right angle, how to lay out (Piates 11) .. ..
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Sap, definition e .. . .. . ..
Sapping, explanation of term aund use (Flate 68) .
Saps Russian : preparation and use (Plate 68) .. ..
Sandbags—

——- Brestworks, construction .. . e .o
—— Fillings, unit time and work.. .. .. .
—— Issue of, quantities .. .. .. ..

—— Revetments, use of in (Plate 67)

~—— Size and use .. . .. . . .
*Sangars—

-—— Building, pointsin .. . .. .. .
—— Construction, time and labour . .

—— Construction of to resist shell fire (Plate 206) ..
—— D:flnition .. ..
~——Description and use genernl (Plntes 208 207)

~—— Design ; detalls .e . .
——Piquet post, design (Plate 207) .. .o
———— Stone and earth to rest shell fire (Plate 206) .

Scouring at piers of bridges, precautions .. .
Screening—
—— Capsealment, the aimof .. .. .. e
——— Fiash of gun, considerations .e . .e
——— Reconnaissance , necessity for e . ..
Screens
_utlﬂcml nature of (Plates 89, 80) . .
Camouflaged, use and preparation (Plates 89, 90)
—— Trection, considerations . ve
—— Flash, use .. .. e . ..
—— Handrail, bridge, use of .. .. . ..
—— Manufacture, considerations
Natural .. . . .. .. ..
—— Plain, nature and use oi . e .
—— Road, erection and use (Plates 89, 90)
Screw pickets— .. . e .. ..
——— Auchorages, normal method of use ..
——— Raules for work with . .. . . ..
Standard sizes (Plate 35) . .. .. .
—— Wire, rules for fixing .. . ..
Serim—
Camouflage, use of .. . . ..
——— Canvas, deflnition .. .o .o . .-
Prepared for issue for camouflage .. . .

Searching power, projectile, definition ..

Searchlinght, anti- aircraft, emplacement, type of (Plate '78)

Section (or profile) of trench, points in design .. .
,,  of trench, typical (Plate 48) .. . e
Sectors, division of defensive sy stem into . .
Seizing a rope (Plate 93) .. e e . e
Selvages, used of (Plate 94) .. .. .
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Sett, definition . . . .
Setts, standard, for mclmes and galleries (Plate 148) -

heers— .
-S—E— Dascription, general (Plate 98) . .. e

—— Dogign, factors governing .. .o
—— Legs lashing of (Plate 98) .. .o ..
——— Stresses, comparison with derrick e
in .. .
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Snipers—

—— Heads : use (Plate 199) . .
——— Post, siting and concenlment (Plate 81) .
Requisites, particularsof .. . .
‘Soakage pits, use of (Plate 65)

Sods—

—— Ovéns nnd cookers, use of for .. .
Revertments, use of in .. .. .e

~—— Use and cutting va .. .. e

. Spade, use of .. . .. .. .

Span bridging, definition .. . .

Spar trestle, lashed, construetion hnd ige (Plate 102)

»» cCarrying, method .. . .. .
Spars, fishing, method .. .. .. .
»»  8ize of for derricks .. .. . ..

‘Spider wire entanglements, general descriphon (Plate 34

Spike, iron, deflnition .. .
‘Spikes, bridge work, method of d:iving .. .
{Spiling—

Chambers, excavation, use of .. .
Explanation of term .. ., .

e

—— Tllustration of and general remarks on (I'late 156)

‘Spitlock, deflnition .. .
‘Splinters, protection of tents, methoa (Plate 122.)

Spoll, definition .. . . .e
‘Spreader, timber, deﬂmtion . . .
‘Square measure, table of .. PR ..

,» trace of fire trench (Plate 44) .. .
Stables, siting and construction (Plats 12.;) .
Standing derrick, stresses in . . .

» use and raising of .. ..
‘Staples, particulars of .. e .. .
‘Star shell action of .. . e . .
‘Stockades, demolition ; chargers for .. ..

’ description and use .. . .
‘Stones, characteristics and use .. . .
‘Stream, rough average yield of water .. .
Sumps, types and use (Plate 55) .. . e

,» use of restricted to flat country .. v
Surprise, defence, arrangements for . .

ye fleld defences, importance ot in e
Switch systems, construction and use .. ..
Swinging derrick, description and construction ..

” ,»  8tressesin . . .

T

<¢ T * bage, use of with machine guns (Plate £6)

* Tackles—

——— Care to be taken when working . ‘e
Definitions of terms used .. . -
—— Description, use and care of (Plate 98, ..
— Teading bloek, use of (Plate 98) .. .e
Overhsuling of, method . .. .
——— Power of ; mechanical .
—— ,, required on falls . . .
Reeving of, method .. ..
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Trace-—cenlinurd,
~— Communleation trenel 3,
e " enche cm:x:r.wontlons (Plate 51)
~— Ylro trench, imits to a!mlpht lenpths In ' .
==y trenches, alternative (Plates 45, 46, 47) .
~—— " fn gnoral uer (Plates 44, 45, 46, 47)
~=~ Typrs of npplieation to ground (Plates 447 ..
- Work, definition .. e . . .
Traclog Partics, organization . . .« .
v tobepracthnd nt night e . e
Trocks—
—— Camonflape,
~wm Crovs-countey, uso of .. . .
—— Harsad transport, construction . .
—— Marking; mothods of.. . .e .
—— Men, methind of constrocting .
= Yoition dizcleerd by ; method of ay omln,r: (Plnfc 24)
—— Pack animals, conslderations in construction .

Shell-hioles, to b avolded .. . . .
e Wardens, duty of .. . . . .
Tratlic contral, bridging operations . .- .
Training—
—— Heldglog operatlons, Impartance ot * . .

— Digring, necezsity for and method ..
—— Night-work, importance of ., .
—— Tools, uxe of, tocesaity for .. .
—— Wiring, general . . ..
Tramwasr—

—— Canstroctlon, operation of .,

—— Description of 0-1b. track (Plates, 103 164)
20-1h. track (Yiates 165, 160) ..

e .

.e «s

—— Dralnage of track .. .e
- Larthworks, cross sections (Plate 170)
—— Taocation of line, considerations

~—— Mnintenanco ; repalrs, distribution of materials
—— Mule walk grids, use (Piate 168) ..
—— Object ol In forward areas .. .
—— Officor In charge, duties of ..
—— Oparating ; rates for in forward areas
Passlug polnts, seale of e .
—— Naft track, use of (Plate 169)° .
——— Rate of laying .. ..
-—— Reconnalssance of, important considerations
—— Road crossings, construction (Plate 171) ..
—— Tolling stock, control of . ..

—— Turnont, 20-1b, (Plate 167) .. .

——— Types « { and usc .
—— Working parties for Iaying; dlsmbution of

Traberses—
—~—— Brenstworks, provisfon of
~—— Bridge, use of in trenches (Plate 50)
— Construction of in a completed trench (Tlate 49)

ve »e X

~——— Deflnition .
~—— Dimensions of, norma] (I’]ntc 44) . .. .

—— Timiting effcct of bombs .. .e
——— Nature and designjof (Plates 486, 49)

Trall supports, guns, nature of (Plate 8%)

. .e
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npplfeation to, considerations (Plates 181,
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Transom bridging defimt on
Transoms bridge part culars of (Plates 89 to 102)
Traps Improvised contant mines act on and use
Trees—

—— Artificial observat on post (Plate 189)
—— Demolition of
—— Entanglement obstacle preparation
—— Felling precant ons
—— oot time and work
——Yarge cover afiorded if cut down
—— Perescopearrangement (Plate 180)
Trenals pegs definition
Trench junetlons communication and fire (Plate 57)
Trench boards—
~— Galleries Dot to be used 1o
~— Laying of immediately after diggng trerches
— unit time snd work
~—— Dature and vse (Tlates 8 48 51)
~— Tracks proviston of
Trenches—
~— Term artillery ammunition not to be stored on
~— Bridging of for art lery
—— Camoufiage applicat on toin forward arcas
--— Concealment of in desim and s t ng (Plate 42)
~—=~ Depth of where water level is near surface
—— Design factors affect 1g eficiency of
—— Deselopment of dusing consolidat on
~— D gaing of behind front lin
—— Drairage importance of
—_ siting considerat ong
— Dummy phntographic considerations
—— Firtog lying down design

—— Forward alope positions siting considerations (Dlute 42)

~— Gas bombardment sites sftected by
—— Tofantry detafls of siting

—— TParapet importance of correet height
—— Ramps Into and ont 1ot to be made
«— Teccptacles for rubbish provision of
—— Repairs to method (Plate 54)

—— Reserve dexign of

~— Reverse slope positions siting coosiderat ons (Plate 42)

—— Revetments to constderations
= Section typical names of parts (Tlate 48)
~—— Slingle beachee general

— & ting con. Werations sammattzed

e331ainat on from evemy’s point of view
of camouflage considerations

<18 co-aperstion with machine quns

of reconnajssance for

of i wonds

= § it design and use of (T1ate 58)

——  shrapret proof protection

— Blope of aides cutting method (Tlate 8y

—— Btandard tye (Flate 48)

—— Trare and dig quickly rocedore a.

~— Tracing of instroctions
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Trarches—continued,

~—— Traverses in, considerations and design of (Plates 46, 49)
—— Trench boards, laying of when dug .. ..
—— Wardens, provision of for maintepance .. .
Trestles—

Framed, construction and use (Plate 100)

—— Lashed spar, construction and nse (Plate 102) ..
—-— Ledgers and shces, use e . .. .
——— Legs, tfsalze .. . .. .
—— Plgnk, construction and use (Plate 101)

—— Placing in wet gap, methods (Plate 110) .. o
——— Steel, party and time to erect o

~—— Types and construction, for fixed piers (Plate 100 to 10")

Troughing plates, strength compared with curved o
Tunnelled dug-outs, construction .. ..
Tunnels, railway, demolition ; considerations

Turning places, provision of (Plate 161) .. o ..

U

Urjnal, Tield, type to replace pits (Plate 136)
»» might, type of ; positions to be signboarded
Uncivilized enemy, warfare against .

v

Vzhicles, painting of ; camoufiage. .
\Wiltages, billets in, considerations .. ..
. considerations in defenée of (Plate 17) .

Wisibility of wire from the air
w

“Wagon and lorry parks, camouflage considerations
“‘Walls—

——— Brick, loopholing, unit time and work ..

— ,» Totches in, unit time and work

Defence of, considerations (Plate 68)

Demolition of .

‘Washing. arrnngements for men, part:cuhrs (Plate 127)
WWater, dead, definition .. . . ..
‘Water supply—

Animals, arrangements for . ..
-—— Bivouacs, .camps and billets, daily reql.irements ..
~—— Bivouacs, camp or hutment ; limit of distance from
e Control, of ; details of ..
-——— Direction boards to watering places, provxsmn
———— Marsh, water courses or holes as a source (Plate 124)
—— Men, arrangements at water cart filling roints
—— pollution of, measures to be taken to guard seurce

——— Purification of, methods .
— ' plant, lay out of xmprov;sed (Plate 1?6)

—— Raising, by “lift and force ”’ pump..
¢ water bag ** (Plate 125)

—_— 1]
—— Stares, particulars of Y-
——— Watering points to be carefu]ly dramcd

— Yield, average from well .. ..
rough average, of stream .
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Woods—
~—— Clearing of, considerations .. . .
— 4 unittime and work .. . .
— Dsfency of (Diates 18, 10) .. .
— Entanglement of cdge, best mcthod .
~—— Rides {n, provision and uso (Plato 18, 19, 43)
— Uss of in defence .. . . .
Work, concealment of during progress .. o
» control, of Importanes of contlnuity ..

Worling parties—
~——- Complete formation to be detailed .. ..
—— Domand, gpecimen .. e e

——— Damands ; submligsion of aftsr reconnalssance

”n
—— Dug-out, detalls for varlous parts .. ..
~—— Tiling on work, mothods .. . e
~—— Cittldes namingof .. .. . e
~—— Instructions to unit providing, spacimen ..

w— Officer in command ; responsibilitics e
— Organization, principles of .. . .
——— Precautions against surprise .. e
—— Rrlief of, important factors .. . .
Rendezvous, fixing of . .

—— Smoke sereen, use of to covor movuncnt ..
e Strength of, important considerations
—— Tramway construction . .. ..

—— Withdrawal from task when suffering casualties ..

Zarebas, description and uso .. ..
Zig-zag tracy of fire trench (Plate 45) .. ve

Zonn, forward (or covering) definition .. ..

,» main, definition .. . .

submisslon of without reconnai<sance
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Plate 8. i [See Secs. 7,72;60,4,)
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Plate 10.

[See Secs. 13, 4; 38.]
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Plate 72 . : [SecSec. 14, 2.
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[SP" Se: 35,2

BLOCKING

OF ROADS.

TWO BELYS OF WIRE cRO

—

SSING A ROAD DIACONALLY

>

d\ Pos tion of knifs rest

ROAD OPEN PREPARED FOR BLOCKING.

Wiré fence

ROAD

OBSTACLE.

-

—Knifs rest wiredto stout picket

ZoNE

ROAD €LOSED.

T

op

OBSTACLE .

Wire Fence

- Loosa wire betwsen knifs rosts.

ZONE. .
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~Wire fence Joco wire,




Dletteo 3,

See See 37, 2wl 3|

spsme.Fid Burpan
?...m.\m?.ww e

R
\9.. l‘i»(!nﬂ’

CQQ
Bo— = =y — — — -

3 b g
3

LI

P e

et e

A v

o oy
N

ot sapnalay

‘(HON3YJ) INZWIATQNVINTG 3HIM

NJJ(.M SN
(. -~ w3 .l..

Bln.m.;bl RO S L ANy
\&z\ m-\.- R
eed -

e

(M

U

*§YNIINIONOD 40 .L134 31pnod




[SeeSec.37,5.

‘Sauim voudl jeruozisoy

"TAIIA AAILD3dSH3Ed

Plate 32.

'‘NOJLD3S

- )4)41‘\ S remne g

Malby & Sons,lith.

"3IONA4 NOYWVY 319N0Ad AQdYANVYLS

<)

17104




Maw. A3

Ser %ece 37,5 20 1]

Sysawnl w0 smm yF y ovuy e

~ 05" SPURIIIN0d M 0 £,
< < g
- v+
Suip zoor .09
(S
Q et

STIIVLISEO JAIM HOS WEQMINVEL Sy
ANTWITGNVINDG NOYdY 378004

Ry Prrasey

7y




[See Sec. 37, 6.

Floee 34.

.

Malby & Sons.Lith

iy

I T

m;w o &

T . £
Y IN3WITONVLNT AWML HARIdS 2
2

7
S92




Plnte 35

See Sec 38,57
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Flxto 56, [5&9580.38,({.

METHOD OF FIXING WIRE TO PICKETS,

TOP_ EYE.

/7 Stage. 2% Stoga 3% Stage

v

Soar

f’ull Standing end| Contirve ypward Toke a turn
Lut, pass wire . movement in g with the runns
orer picket & slip circle comng down end round the

lt:;’-:vcen the body of picket below the

e ere & the point, e woriing clockws;
the wwe should now g clockmse.
be throagh the eye.

up imto eye.

OTHER EYES.

127 Stsge. ~2¥0 Stage 370 Stage.
FIG. 2.
Pull stending Form bight on FPass bight
round preket

end taut, s/ip running end
wire down rrto vrder eye i
ere counter-Clockwise.

4™ Stage.

Take turn with
bight round

running end.

Sketch showing commencement of Windlass.

Disgoral Wire
\

Thes ead down and under, J

This end yp and over.

FIG. 3.

Trip Hire.,

203,




Sie Ser 38,67 Plate 37

METHOD OF FIXING WIRE ON POSTS
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Plate 38 [SeeSec.40.2.
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See Sec 40,47 Plat: 39
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Dlate 40. [See Sge.22, 2.
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Plate 41

See Secs. 29, 7.1V; 2.3.]
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[See Secs. 13,350, 7 and.3.
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[ See Secs. 12,3 ; 50,3,/11; 51,7,

Plate 46.
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See Secs.13,3,50,3,111 ] Plate 47
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See Sees 7,72, 52,7and 2 ] Plate 5.
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SenSec 52,57 Prate 53
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See Sec 52,57 Plage 53.
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Plote 54. [See Secs.30,7,82,7,53,.2 :55.
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*Plote 56. [Sece See. 52,2
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Plate 538.

[See

Sec. 56.
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Dot 60, [See Sec.57.
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See Sves 57,58 ] Plote 61,
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Plase 62, [See Sec.59.
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See Sec. 65, 7.7 Plate7s
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[ See Sce.8. 5, 2.
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Plate 84. [See Sec.68,9.
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Plate 92, [SeeSsc. 751.

KNOTS.
Fg./ Fig.3
Glove Hiech 2 Hok Hitches
g Fig-S Fig.6
Rovsd Turn & . .
2 ’j‘/a/f //U;g;ﬁe, o /"Is/‘)Sqef})ﬂ;,ank Running Knot
{
Fig.7 Fio.8
. ] 7.
Bowline on a Bight | 1o rness Hitch
F/:g. 8
Lever Hitch

]
Malby & Sona. Lith




Hvprs
]
FOHDTE.
Fig.1 mg 2 e
3]
@) o
e}
7N NG
%) ‘
3
%‘; } !
CataFx g‘
kvl c W Bouble
Centre of Rope Dlackwall Hitch
Single Btackwall Hitch
Fig 4
Draw Hitch

o

15
gl "
Stoope~Hiteh

“y

R Farssor

A




Plate 82 [See Secs. 71;72,78 ;78.
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[See Secs. 77;78,
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[See Sec. 83, 7.
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[See Sec.88,4.
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Plate 108. . [See Sec88,4-
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Plate 770. [See Secs.88,2-90,5
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Plate 170. _ [SeeSec. 111, 6, v
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Plate 172, [See Sec. 113, 6.
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Plate 176. ‘ [Sec Sec. 122, 3: 123, 7.
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See Sec 215,L, 06.7] Flate 177.

ELECTRIC FIRING.
JOINTING WIRES.

FIG.1. EFIG.2.
FIG &.
FIG.3.
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Ploth 181, [See Appondiz X, Sec.2., 7.
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[See Apperedisn X, Sec. &, 5.

USE OF TRACKS TO DECEIVE THE ENEMY.
FIG.1.
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See Appendie X See 5,3 L] Plate 18¢
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Plate 785.

[See Appendix X, Secs. 5,3, /'/'/.,- 6,2,/
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Plate 187,

[See Sec. 65,7; Appendix X, Sec. 5,5 I.
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Plate 528,

See, Appendiz. X, Sec.6.2.7
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See AppendiaX, Sec. 6, 5.1 (b)] Ploze 199

TYPICAL ARRANGEMENT OF PERISCOPE TREE.
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Plate 797, [See Appendix X, Sec. 7, 21.
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[See Appendiz X, Sec. 8,1,
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See Appendia X, Sec.8,2.] Plare 200

METHOD OF FIXING AND OPERATING

CHINESE ATTACK.
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Plate 202.

endizc X, Sec. 8,3
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Plete 203.

[See Appendiz X.Sec.8,3.

18 por. GUN SILHQUETTE.

Srma c~:l-~6 o bglew

2

/

0 Feel j;: :

¥

Sy te 3

|

- H:":;ll&"’.""h;



Plate 204

See Appendix X, Sec. 8, 3]
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Llate 206

See Sezes. 28,3, 62,8; Appendice XI.J
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Plate 207. [See Seo. 28 3; Appendus AT ’

SANGAR PIQUET POST.

lnner Wall
Fighting Trench

“Outer Wall

Stones on top of Wall
- About +6 normally
About 2103 normally

i Ky,
fass ‘.

Tie tent walls to stones. The wall of the tent
is placed on the inside of the inner wall to catch
bombs & ensure bombs not rolling into fighting trench.
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