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158 Spiling. 
IGtl . . Forward roads Jt.oad tempM .. 
160. Jforwanlroa.di!. 
16! ~•orwanl road;. 
162. 'l"ankca.a.•. 
163. !l•lb.tr11Ck. 
164. 9-lb.tra.ck. 
JM 20-lb.tra.ck 
166. 20-U;. tcack. 
16i. 20·lb.tumout,3'lm.,·..,lini!. 
H)8. M\llcw~lk20-l b.\.Fack. 
16/1 Rafttrack,20-lb. 
170. Croossc~ti onsof e.,,rthworb. 
171. f,enl cross;ng. 
172. Ikmolitions. Use of confoau detonant . 

Demort·otts. 
17~ l)<,molitionof,,.i lwa.w. 
175. l'.lectrio firing. 



MAN UAL 

FIELD "\VORKS (ALL ARMS). 

GLOSSARY Ol<' TERMS. 

at,e::~~--;'{l~eh r!o~:t ~!e~~:.}'""" of any mthen, •tone or m .... on , ., 

Baulk.-,\ timber beam, or roa<I bearer of a military bridJ!•· 
&y.- Tbedist.aneebridgtd.byoneoetoft>o.ulk.a or road-be&rell!. 
Be,m.-l'hedistanoe betw""n !·he edge of an excavation and the 

p&rapet formtd. of the e:rca.vat«! earth-in o. ddenee work. 
B,glll. The portion of a rope used double when the ends a re noL 

ir.vailable. 
Bi.tu.1.-Todividointotwoequalparts . 
Biroi.a,.-A camp without tent,i or hilt.a. 
Ikwrow-pil.- An eJ<cavation from which eu th is takeu for a p&rticular 

l""l'°""•'·g .. buildingabreMtwork. 
Bnaalvx,rl.-A ddmce work of which tlte g,,,ater po11ion of iur 

beig!,tiaaho,·egroundlevel. 
B,.11. - Thethickendofa spa.r. 
Calibre.-Diame\croftheboreof&gun in incl>MI not counting the 

depthofthogroov ... . 
Cau. - A •tructure used in underground work oon•iotin.g of a top 

aill.bottomailland t wosid ... ,uaual lyrnadcol2-inehor3-inchp!ank;,. 
Chu,.- ,\ specially prepa....d plank whid, form• tho deeking of ,. 

pontoon bridge. 
OIW.- A omall piece of wood 1h00 to auothe,· to form a support or 

•topagainstrno,·ement. 
Command.-'J'he..-ertical height of thocmitof R work a bow, lhegronnd 

ieV<>lorabo,.,ethec,..,.tofaneighbouring work. 

g:.:.~10:t~}L,~:\,:~~':t~!.,:,!:•:;~~~~t •:f~i~ ;:')~1:"~wfol 
0 1~;~•,~~"c'o:~~~:.:::rro:d vi'!~-1';,"~~~:;~j~:~~~\ncrny \JTO· 

jecJ~1.'::-Th~ higheot point of a p11rapet, usually t he intH"""tion of 

thb::fg':,::/~:/:::i;r.'.:'..%,~:~-or 1,•ater OYCr whit·IL aim~d or o~ 
oerved/irecannotbchrougbttobear. 



ot!:~~':"'--A , t .. tionary load which ia applied oontinuo,L<ly to a 

0if~?~1;~r~~::~~= f tT~I~t:·:;~:::::::·~:::::c:: 
& work to se.:,ure eowr for the ddendera 

[klonaior.-A "mall amount o! very high explosive in a co11t,aincr 
whichca.n he fit<.'d byignitiontocxplodeacharge. 

Dir,ct layi",1.- The rnctitod of laying a gun by looking !lt, \,he farg,,t 
,,v~•· or tJ1rough t,he eights. 

fu;.- A 1,,,r of iron of which the ends are pointed and bent i11w,.rd• 
at right ,mgleo,-,Lse<l !or f.,,tening heavy tirnhera together. 

Dug-rutt.- An underground ch!>ml>cr or pasaage. 
Embraa,,r,.- The aperture in the wall of an emplacement through 

which a gun fires 
J;'a,filad~ fir,. - Fiffl which sweep, the po•ition from a fla.uk. 
F fr ld ,f Jirc.- An area of ground expoeed to the cffect ivc fi re of,. 

gfrennumbe,0£11'001-"'orgroupofguns. 
Fire bay.-A length of t,-,,nch from which it is intended to ddiwr 

rifle fire. 
Framt.-A atn,ctun- """'-' in underground work consisting of a top 

sill. bottomsill!>ndt'll"olcgs. 
Froij/Qge.- 'T hfl nlentol g!'oundco,.,,red laterally h)" a l~,dy of troops 
Glaci, ,-The gco,md mund,. work "1thin close rifle fire, oomctimt'il 

formed artificially. A term used l-0 describe an ev~n 1tat111·a l slop•• 
Gradiud.-A ~lop,, re1in,ieJJt ed by a frad, ion , e.g .• 1/30 roprcsmt.a a 

rise or fall of one UJ1it measured vertically for every 30 units rne,..,u..-d 
horiwnt.ally 

Graziw;firt .- Fir,, whi~l, is parallel or nearly so to tile aurfa<"e oft he 
gr<ound. 

Gro,,ndsill.-The bollom member of a frame. sett or case used in 
worknndergroond. 

Heatlcm,,:r.- Pwtcclion aga.imt froi,\-11,l o, oblique fire for t he head, 
olrncnwhenfiringoY~raparapet. 

Helve.-Hondle of pick-axe or felling-axe . 
llighongl~Ji,.,.-Fireat!luglegexoeeding25°. 
I»wligme<. po.,t.-A poot oocupiOO by unit. brigaM. ditisiona.l or 

corpl, observers for wakhing the enemy and ground on t heir front. 
Kup.- A w?rk within the 6y111.(:m pf defe»oe of a. defended _!X-"'t or 

locality, and dl8tio,ct from it. Commanding a field ol fire within the 
;:'.:!:;~ defences with ,. viow t-0 a""isting in their recapture in cMc of 

J,ead.- PronoL!ncOO LE1"0. An)· wire u,ed to ·>r\ ct,· c 

Li,·~lood".-A load whichi,suddenlJ· applied toa strncturo or p&rt of a 
Structure with au iinµa,,t producing stresses in H'-""88 of those due to 
it• wcigltt whe n at ,..,.t (U< Dead lo•d) . 



Lool;.oul po.,t(L.O.P.). A po$tlrom which the progres., ol Urn l:mttla 
canbewat.;,hed • 

Obstnution p<Mt.- .A position whenoo the fire of a batt~ry ,,. ., 8,,,,.ller 
unit of a.rtillery. i;, offierYe<l, e<:>rreded and eontrollted. · (The l~rm ia 
a.imil&rly used with rder,,ncc to machine gun unit;,.) 

Outp:,,t ,:on,.-'.fhe pat1, ol a defeMive position ne!>J"'!t t-O the 
enemy. 

0 ,-e,-M<Ul cm,:r.- Prot.-ction by means of a. roof. against spJi,, /er,,, 
shells or bombs. 

A;,raMs.- A ba.nk of ea.rth oonstruct-Od t,o gh·o protection ng&iost 
reYeisefire, and tho bac.k burstolhighei: pl°"ivee. 

I'ri.»ut (except artiUow)-- A ,1,eci.ally propan,d nature of high e.-pl o. 
•i,•e wliich acts,._,, t he. medium of detonation between H,e dnonato, 
,mdthe demolitionch&f,(e. 

Pref,k- The outline of the -"'C!ion of a work at right angles l-0 the 
crest line. 

llwr po•ili<m.- Part of a de/eru,i,·e position. 
HMall.U.- A field work enlit"e!y endOl!<.'d by & p,>rapet giving all 

round fire. 
Hdi,J.- The length of time that men h&ve to work before being 

ttlieve<l , or & J)brty of men who ,.,.., on duty or who work for a giw-11 
length of ti me. 

R<lnnd>11i,nl.- A sy>1tem of trenches ailed Ill fonn a oe,:,ond, though 
not nece;i~o.rily a aeparau,, line of defence, usua.lly to reduce the IIUJlJloer 
of rifle<! rc-quirod in th~ front line. 

ll=ru/ira.- Fiw directed &gairuat the rea,r of the posit ion. 
Sangar. - A pa,rapeteom1>0Mdofdtybuiltato11ewall 
Saai/aliml.-'l"he "[ll"actical application of oe,·tain wdl-c, t,.blillhc<l law~ 

wi1,h ,..,,gard to the pl'<'servation of hea lt h and the prevention of di,~aoe. 
Sap.-A tr.:nch .Jug b.r men worki.1g at the bottom .~nd con,ta.nily 

ei:~.:,,:f,,~1;,::~.~~~;:;; ,e~f:'·;~jectile to reach a tfilgct behind 
cover; it vari.,. with th range of the wea.pon and the angle of dreceut 
oltheprojedile. 

S,11.- A term used by m\nen, for frame or cast. 
SMlin.-A roofed a.rca giving co,·er from weather, splinkn,. or 

•hell•. 



Spitlccl:.- To mark out a line on t he ground with the point of a 
pick.axe. 

Spoil.-Thc mat,,,·ial ""'"!ting from any e:rca.vationo. 
Sprwd~r.- A pirec of timloer nailed along the top aill o, ground aill 

of a. mining frame lo prevont the &idee from being forocd imvanls. 
Tani;odrome.- A pl,we where tank.. are p11.rked . 
Ta~h - Th~ &mount of work to be completed hy a. m"n, or 1>arty 

of 1nen, during one ,-,lief. 
T rac,, ,- The outline of t he plan of a. work on th e gro und. 
Trat•;r., ,-A h uttroos of eart,h prOYided botwccn two adjMcU! ;i:!;!~Y" for protection ngai11st enfila.dc fire, a nd to ]oc,,.!ise the bu,·st .of 

T emf)<d.- A pa.tkm, guide or model u sed t-o indioato iho shape "''Y 
piece of work i• to assume when finished, , .g .. wood hths n ailed 
together to outline the ae<--tfou of a trench or para.p,,t ulle,l to chec k 
the accuracy of tl,e work. 

Tap.,i/1.- Thc top mPmhe,· of a frame, aett orcaae w,ed in i,,:n·k uuder
ground 

TranM>m.- A transverae OOIOreror support on which the ba.ulks ot road 
be&re1"8ofa.bridgcr""t. 

'I'nnai/8.-Pe;:• of hard wood used for jointing heavy timbers instead 
oldagoorapikc,, . 

INTRODVCTION. 

Field e nginee rin)!'. consist~ of th oae elen1M\B of t he R<,ienee of 
engineering without which 3.n arrny in the field c~nnnt lfrc, move 
or fight. .Just M tJ,e training manuals of the several ar ms ,A tlte ser• 
v iceaimattli e t raininguf l_ead.etB tolea.dandtheHOldiertofight,so 
thil, book mdravours to """lllt m the training of t he leader lo direct 
andthe!IOldier to•upplyi11'.elligently,thelQhour,wl1ich i~re<JUiredto 
carry out any field rngmecring work . however elementary. 

The au l>je..,t has been di vided iot-0 fi,·e princip1tl I"''""'• of which 
s general knowledge ll! m<>'lt llecel!Mry in war, namely:-

i. Fieldfortifica.Hon. 
ii. Bridging. 

Iii. Aceommodation. 

·..,_ ~moliti;,,..:·ons 





PART 1.-FIELD FORTIFICATION. 

CHAPTER I . 

GE:NEP.AL PRINCIPLES OF FIELD FORTIFICATION. 

I. Field fort.illcation includ,s s.11 mcaaurea t,.!;e,1 to strengthen 
a J>Ooition by means ol works comtruct-ed in t.h<, la.co of the enemy, or 
in antici!"'-tion of hi.a immediate approach t-o the sce ne of ad.ion. 

T!,,..., works nn, ,,a]Jed field works or field defenocs. 

2. 'l'ho mainobjectsoffield defen°"'!are :-
i. To pl8.C6 the occupant in the be.t position /n,· uoittg his 

w'"'I'"''"• ii. To protoot the oocup.~nt froo, the weapon• of the enemy, a.n<l 
t.hus \,ore<luceo.,.ualti"", 

~th the gen~ml elie.:,t that, by skilful use of field defen,,;,s combined 
with fire effect, a comm"nder "'"Y 00 able to reduoe the ~treu~tL of his 
foroe in a.ct ua.1 combat with t he enemy to a minimum; a.nd thus to 
forll\ " ttacrre fnr the deci~ive action either in his own ""dor or for 
fr11.nafor to flOme ol,her J)llrt ef the theatre of war. 'l'he strnngcr tbe 
d~fmoes, ,.n,I the 1n<Jre work p~t into their con.~truotion, tlw grea ter 
will he t he coonomy <JI sh engt h m hold i~g th~m. 

3. Although field delencet! pre<mppose a defeof/i,·e a ttitude locally, 
they pby a moot impo,tant p,,rt io a ll offensive <Jp<"rat,ions, and in t hilJ 
connootionthey mustbcmostcarefullyatudied. 

Whcther<Jntheoffens:i.-e ordeferu,i ,·e, it rnn•tl>oremcmhcred t hat 
the guiding principle reµ,ains the ae,me, n,.mely, t hat lh<> defences are 
to I,., constructed to c,:rnform with U,~ tactical plan of ope,,.tion• and 
that they are only a means to an end ,.nd not an end in themseJn-,,. 

4 . .J<"ield d~fen<lffl are of t wo cl""""':
lb.sty. 
Delibernl;e. 



In an encounter battle the.too!, available will l:>e theentf<'nching 
lmplementa andauchentrench1ngtools aaitmaybe J>081lible to bring 
up during I-ho night,. The amount of digging that can l>e done i8 
con,paratiw,lyamal!,aothattog,ettheprotectionrequiredevcryuse 
mu"t be mMle of the cover, which ,wtually exists on the haWefield. 

Thi• cover "'"Y consist of. h,.lges, wall•, building,i, banks, aunken 
roa.ds. railway embankments and cuttings, wood• and shdl -holee. 
Allofthcooan,casilyconvertib!eintostrnngdefence!l ii intelligently 
treated;theyhaveallplo,yedimp01-tantpa,rl<!inbattlea.andit,haat-n 
proved thattroope well trained in Mlaptingnatural co,..,, todden"" 
&reoxtrewelydifficnlttoojootwhenoncetheyhaYedugtbemsdvesin. 

The wocks Me d..scribed in detail in Chapkm IV, V, VI and Vll. 

6. Deliberate 1/eld delencH~Under this head come all ddence<1 
which are not included under h»ty defences, but which are not w 
imposing aa to bo called permanent fortificntiona. Tbe only con
sideratioll8 whichlimittheirscopearo :-

i. The time, rnatel'ia.l aud labour aYailable. 
ii. Thcindustryandskill oftha.tlabour. 

iii . Theabilityoftheencmytointerferewitltit.. 

Deli berate field defene<:s would be employe<:! in:-
. i. The gradual dc,dopment of a defensive •.r•kru, when one,, 

ii. Th:~:1~fr~:i1 c'::n:t:~:~~~e ah:"oije:.,"7;'\ taken during the 
period of position warfare. 

iii. TheprepMil,tionolroordefcn~ivesystems. 

They aro described in detail in Chapters IV, V, VI, Vil au,l VIH. 

2. Ej/6d of ,llOOern war ~uipmmt on. th, citaign of field forlifirol.iona. 

]. In order that field fortifications may l>e designed to the 008t 

;';,:,"'/:f~;a~t e~u:;::•·:~~!~t;:,; :e .:1;:r:~:!i~':rn'!.the v&riouo 

The powerand_natu_rooftbeequipmentemploycJaffecttLed""igo 
of field lol't.ificat>ons m two way~:-

i. Thi:vJ:":~:~:~:u.~~~~ftirn::a ::'!,t:;t~;t~~:i:::~:! 
ii. Thi=g-=.r~~ro~::~d radiWI of a.ctivity inftuenoo the aitiog 

oftheworhandobstac!es 
~. c~ssili<:ailon ol fir•.- Fire is termed frontal, oblique, enfilade 

orre,·enw, acconlingtoitadirootionrelati,·etotheobjectliredat. 

hioca.Ued:-
F rontal, when the line of firo is perpendicular to the front of the 

Llli~;-lque, when t be line of lire is inclined to thefrontoftho target. 





~~;tJ~::: ,~ilb ~;.,:;•;c=?~;~} ~:~..U1 a~~ lift'c~;:J: ~ 
travereed when a I""" concentrated stream of bullets will be dclh"ered 
ilgUIIBt a t-argct, such a• a t rench or a li ne of l•ro<>p<I in the open. lt, 
this way it can be w.ed to auppott an att<>ek by keeping down the heads 
of fi re111ina.trencb . Machineguuacanbeusedtofireindirect,thatia 
!:;';:;_behind cover, the fire being dirooted genera.Hy with the aid of 

The ma,ihiu~ gun atta<,k from a.erophnes will take tba form of dirttt 
fire at point blank range, and t he rule of slope of trnjedory will not 
applyinthiscl\Se. 

At ranges beyond 300 yards the penetration of mschine gun fire 
maybetakcntobecqualtotha.t,olconcentratedritlefire. AtdistauCtil 
,mder 300 yards, owing to the cumulath•eand shatteringefied produce<\ 
byanu,nberof•hot'!atrikingrnpidlyin au.,.,essionover asn,allarea., 
pene\.rationise/Iectedmorerapidlya.ndwithfe1,er numberofrouuds 
than byrillefit-e. 

4. Arlilkry. 

l. The nat ures ol artillery, any oraH of which may acconip<>u)" 
ana.rmy inthofield , oonsistofguns.howit,u,rsandmortal'8. 

Gunijand hc,wi!,zersarec]assificdthus:-



2. '.rhe princip,,l chamcteriilt i<"II of " g un• " are their high mu1.Zlo 
,·elocity (1,500 feet per ooC<Jnd and upward•) which permit,, of them 
firing at long range•; lbs ftatnes• of the traj..ctory of their shc U• 
,..-hich, ,.-hen using shrapnel, gi,·es doop 1!e3rohing effect oo rubiaed 
witL •mall angle;, of de.scent (,>!)out 12' at_medium noogcs) ; aml in 
the ca;,eoflightartm,,,y th;,rap,dityol thtir fire. 

Pack g u ns aro pccuhrly ~uite<l to broken , hilly country and are 
compa.rativdy easil_y concealed on the move. 

H or u Artillery g un~ (13 -pr.) are t he most mobile lo rn, of ,.,iill e,y 
and &ro priruoiily h1tm1dcd for use with mounted trool>'. 'l'hcy rnay, 
howe,,.,,·, also be e, up!oyM t-0 Bupport t he co mbin€-d aotioJL of olher 
a,rrns,,i1nila rlytoficld guns. 

F ield gana (IS-pr.J form t he bulk -01 the a,t illery with a force. 
'!'heir e,sgentfal task is to ,-..,;,t, t he infantry in e.-er-y way to ch,se 
with the cneruy. They are BpOOially •uited fur oovering lire, repelling 
attacks in the open and ,aking c-0mmonicati-0ns. They arc t he most 
effootiYcartillery woal)On againsttanks. 

Medlwn gun• (60 -pr.) are employed in oonnter-batt,.,y w<1rlc, for 
rakingcommun.icati-0naandco<·eringfirebeyondthor&ngcol lighiguru,. 

Hoa,vy and auper h eav.y gun■ are ,.-1 for raking disbnt 
commu11ications a.nd for »hclling camps &nd duml"", &e., bey-0nd t ho 
range -0! -0the, _ .. ,1.illery . 

~. The principal chamel.erllilioa of " howitzer• •' a,rc their •teep 
,u;g!eaofdescent(&b-Ont2J· at medium rangc•)afHlof deJ"lrture,their 
g,<!a.t, shell JXIW~,· awl lheir acuw acy. 

A• oooi pared to guns, \,hey ca.n l.,e pla.::ed in positions ofloring greater 
opportunityfor.,orweal.menta.nd cov,c,rfr,:,m shell fire 

'l' h,ey arecspcc;aJJyadnpted fo,• the de3tructi-0n ofstr-ongworks and 
lot' engaging entrenched trool"' a nd hatterif!ll. With inotanbtne<JU8 
fu>eti , t hey,.,.., , -.,,·y effe<:,tiv" againl!t troops in t he open and for wire 
cottiug. 

A•a.cla&1,theirrangeis nota.agrcat aathatofgun•. 
Pack ho,mtzer• ""' pa.rt icularly rn,,,fu! for t he clooo SUf>port, of 

infant ry in hilly -0, very enc losed c-0untry. 
F ield howitzers (J •5-in.J are empl-0yed !or OO~ering fire and the 

bombardment -01 the weaker d efences : for neuttalizati-0n with flM!!hell 
a nd for oouuttr- batttry work generally in t he war of mo,·ement. 

M edium howitzer9 (6-in. ) ~re used !or oovering fi re, tho dcst-ructi-0n 
of dekne<:11 a.nd t he nentrn.li , at ion of hOl!l ile batteries. In the war of 
more ment,, t hey are parlic1tl~rly ou ita bl e for counte r-battery work. 

Heavy a.nd super heavy hoWltzen a.re employed in cow,ter
b~tl.ery work ago.in•!, ba.tteries pro,·ided with g,x,.l eovbr ,-nd in t-ho 
d estruotfon of strong ddenooo. 

dc~-~i:;~/J~:t~:!i,:h:~~:r:,~i:t:~: :t;::t,:~e.s~eir powe1· of 
1"hd 1· utility is_ ,._.,,tricted not only by their range hu t a-lso by diili

~ult1cs -01 a mmumt1-0n supply. 



Light mortars are an infantry weapon used for clo.e support &ud 
harrag,, purpoac,,; they arc alw of g,."'at ,·a!ue, during an ad\'anc,,, 
b, dealing wilh machine gun,. and de!enoo poe.ta. 

Mediwn mortars a.re employed fo,wire-cutling a nd in a preliminary 
bomb.,rdment,ortoaupportlocMact ions. 

6. Shella ooneist of lime shrapnel shell. high oxp!osivc •h~U ••.nd 
~pecialshell. 

They&rechwsifiedthus :-



Natu,... I F;n,dby.1 

H.J,:.,he,11 ,. ith Al\n•\u,.,.. 
tl•l•y!u .. 

Tho wtin ia a i•iln loo Jor <1.,,.,_;_ of looil<i-
~lul o~ W..E. •~11:•il. :-c..=.,-.~:;:• 
otpl .. , .. ,,i;,,- <I••-•• of ,, .. , .... ,, .. , ;, _._ .,.;,, •r •• , .. .,, ... , 1-
• • p,.,-1;,, .1 .,, ........ 
~-::::·~~.-·7',1;:i~:..:; 
to.llio1pl-•••pp,o. 
oiaOloti•••fttt i•,-'"• 

~.:if:.ir:!.~ !:::I 
,-.NO•l-u. 

Tho >hell b .. \w<> 
•oliono.Jep<MDlgoo 

:l::!f::!l~~;,~~ 
i. Ri<o<.l<J ,J!w. I.II"-"" Agoin>ttrooJ,ofotr,n<I .... 

1t£fi:;:i:t~n"1~ ~~~~l;~~ii~; 
in~ofthe !uze.th• oh<IJ IP"'' ond lor e<)v,tln1 
wm hurotin th• air. fa., 0,t>o,.-.g,o,rithligil• 
/nogm.-nt. ffy IM,r~Uy or<ill«y ,, ,.ng,,a not i;:r-~:ri~~ <~0ttJin8 •-roJy,~. 

from the point ol im-

1"'"'• . . ~n.i"' :in _ie••· o, 
H. ••B.,,i ~ft,tr p,..ira- Ag, ;,..,,trong!yJ•t<>l,,oted 

(:~;, ~(;~ _:;;; !"l!en:7:~Hc:~i•!,,,:•· 
und..- the 11round. A r:i. with oono:n 



I F\~by Employment. 

5. GM, ~=k<, minu, fonts mui auopiane& 

I. ~a,o.- 1'hedesignoldefenc,,swill_be11Jleclooonlyinregatdto 
thes1tcsseleatffilorthetrenohesandmtheaooessorieaoftreneh,. 
Ithnsboenfoundthattrench""inwoodsnnd inthebottomoln,l len, 
""'P"rticularlya.fiectedbyg"" bombardment,,: the •amo applieo lo 
,•illa.ges which ho.1·e not been totally deotroyed. The prot-0etion of 
d ug-outs a.gainst gAAiacffecled b~- mean• of curb,iru,, the details of 
whicharodeS<,ribe<lin Chapt.,rVll 

2.Smokecanbeproducedin theformof•cloudfromprojecto..s, 
smoke cue8, candles, tanks, and aircraft,, or by II cx:mo,ntraue<I 
bomOOrdment by artillery or morta.rs using smoke altell. His ,i.se<l to 
c<>vermovemcntancltoeffcctsurprise, Ttcan belU!edtoscrcenthe 
mo,•ement of trooJJ'I, working partie,i, &c., but not to C<.wcr •tatiouary 
troopa or woddng parl i"" . 

3. MinH,-Thel!e in!!ucnee Hie d""ign of a trench ayst<:m in the pro
vision o/ •!""'llil dug-outa fo~ listeni1_1~• o.rrangcment• for sl ,alt head•, 
&c. Mm e warfare i• d"3lt w,\h in Mihta.ry Engineering, Vol. IV. 

4. Tank• -- Ta.nksinflueneethcde•ign in theprovisionofemp]a<:<,, 
menta of guru, mnehinc guna anrl mortars to destroy then,, and 
obstacles to ho\~ up them or tlteiofa.nt,ya_ccompanyingthem_undcr 
fire. Tho deta.,l• of these me""'llI'ffi are J,ecul'SW undt'r \heir own 
headings. 

'i 



{i. Aeroplanu .- Thena.tureof attack by aeroplanes on tl"Wp• 
occupying trenches will be generally ma<:bine gunfirefrom!owftying 
plane,i, ;.,., planes at a height of '.!00 loet. They will use every 
en<!eayour to iucreal!e t he dfectoftheiralt,wkbysurprise, by diving 
rapidl.vfroma.height,orbyswooping•uddenlyovertheakyline where 
the field of viAw is limited. Protootion aga.in.st this form of att:Mk 
cannnlyhoaffordcdbyshelte"',"littrenchesaa d=rihed in Sec. 33, 
Jl"f!I. 2, ordeepfiretrencheawit,hdooptraverses. 

Inspe;,ial c"""'•hombsm,.yl>euscd;theprotection a.gainstth""" 
would he similar to that against art illery fi re. Otherwise aeroplane 
attack by bombing will heuauallyoonfinedtotheattack on horse 
lines, camP", stcategical centree, headquarlers, railway and stor,, 
deJlOts, ammunition duml"', &c. Jn euch CMe.'I protection must he 
afiordedforperwnnelbydeeporhomb-proof dug-outs,"" described 
in Cha.pkrXV. 

Acrialbombs varyinweightfrom25lhll.upt-0660 lCl6.or e..-enhoo.vier. 
They Mn l.>e fitt'<I wit h either an inst<>ntanoous or a de!a,y action 
fuze. Whmfittedwithaninstantaneousfu,etheyarc intmdedfor 
uoo aga.iruit pel'!lonnd. Splintem frorn these bombs fly very hori• 
zontally and they have a powerful man.killing effoot. A splinter from 
a 660-lb. bomb ha.s penetrated a 14-inch brick wall. The crater formed 
isgcneraliysha!!ow. 

When fi tted with ,. dday action luze the bomb may penetrate two or 
thrco storiea of an ordinary d welling house before bursting. Th" 
M"ter formed on graAA )and will vary from a bout 3 feet in diameter 
and l8inchesdeeplora25-lb.bomh.npto 30 to40 feet lndiarnetn 
aurl20to25 feet<leepfora660.]b. lx,mh. Oneofthe latterfonneda. 
crnter40feetin dlameterand !Ofeetdeepina roadway paved with 
,roodenbloch on9incheeolgoodconcrek. 

Splinteh from bombs fly very horiz-0ntallr ; consequently their 
effectcnn be limited bytraversCI! ofare""onableheight. Protection 
can be given in this way to troops intenll! and huts, men in hutted 
hospit,.ls and to horses in atables. The methods a.re described in 
Chapter XIV. A 9-inch brick wall or a revetted earth wall, 2 feet 
thick,will stopsp\iutera from bomblihitherlo med aga.insttrooP"in 
camf)'lorbor11e lineo. 

CHAPTER II. 

TOOLS AND MATERIALS 

is 1~e:::f/~~i~:;:,:s\t:t a;~: ~o:'c~\~:t~g~I ~:.";»~~;a~:'i! 
o.vailablo 1semployed. 



2. '.rhetoolagenera.lly u.ed ;,. field fortiAc&lionategroupedunder 
tbe fo!lowingheada :-

E:nt,..,nchingtool:,. 
Cutting tools. 

ap~~rir~~:~~ta~~{ih~~t~~;g:!~~~~~:;r~t::~~:v:l~::~~ 

!:1~'{ndt~!r:~:~::~•t:!;~ .. :~:a~~:~.., ~~/hem,.. metliodi· 
Wla l~ L>e,ng _trained. men mu!t not be allow«! to dig except under 

properrnatruct1on, ao thattl1eymaya<:quirotho oorr,-ctacticnfrornthf' 

~~~~-~~d a~oe:;;":.~i~" ~:, "b:~";';ad~g~\:':~e~t:;:;~g~~e;~=y t:: 
&bletogetoutnndthrowtheearthoneithersidcofat,..,neh,without, 
ch&Jl8ingf)<)&tion, and towol'kthcirtaskl!fromfrontto,..,artoavoid 
d"kofiujuringtheirnrighboun. 

The pick-axe isintendedforl008Cningl>Oil;thepoinle<lendiAfor 
u""inhard,thechiae\endin.'!Oft ground. 

Tous,,thopickMthandlea<liug,a.d..ancethe leftloot.holdthcrick 
withtheht1ndlehorir.ont11J,t.helefthan,,linlroutoltherightt1ndnear 
lhokad( PJatet,Fig. l). 

<'<>,·,·yt-hepickhead haokto behi nd theleftahoo,lderwithouileUing 
thopickmovethroughthehanda. 

Swino: the pick forward a nd npwan\s with the left hand : at t he 
oame time 1'\low tho holve to slide through the left !'.and until the 
hamh meet (Plate 1, llig. 2) and gui,ling it to the <kaued •pot allow 
the piek to !all undcrih own momentum (Plat<> 1, Fig. 3), 

Break up the wi l by raisi11g !h~ hands tlma Ulling the piok he<td ao .~ 
lever. 

by~~~\,}~;Ri~~~i:~t !!'r~.::.:;i ~•:1! tt,.\r:~t;;"o"::,f~~i::;:;::::.,~ 

leat~:gs~1:.J:'~i~~t~f i:\~ii~U~~-:: ;i;: 1:i'!i!~;:,::?½'~he 
pick 

To use thcahovelrighthande<l (forUnowingto leftorfrontonly) 
adrancetheleftfoot,ho\dthe•ho,·elwiththeJight haudon~he ~on,11;, 
left, hand below it, bend down audfillth~ •hovelbythrt>stmg,thori· 
rout.i lly into the loosened eartb, 1u,ing the inside of tLe right k,I:( 
(Plate 2, I,'ig. \ ). Push the left han,l to the blo.de ol the sho,·cl ~nJ 
•traightcnthe!ego(Pla.te2,Fig.2). 

:riJ!fiE:E~:~:~~;;:!=.~1~~1::!1;}~!i1'~;~~riii:~;; 
.., t hatt heearthlea<"e.Sl h6ahovel ioaoompactruaso(Plates3and4). 

For ohove!ling M t handed (for throwing to dvht or front ouly), 
JJO!!itionof t heleetand aetionof t hehandaarore,erl!OO. 



In easy aoil, t he pitl should not be uSOO, and digging should be done 

~o:~ t 1(;1~~e "11~\::r~~tin,~:~ntii1::c•~o~el": i;;r;~:~e :::i~:11; 
into the groun<l(Fig. !) and pushed home with the foot hyc,sing the 
weigbt of the body (J<'ig. 2), not by kicking whioh only weara o"t the 
boots and hurt,., the feet. The aoil ii broken by pulling the shove! 
down into a horiwnfal Po"ition , and thrown as when shovelling. 

Where picks andahovcls ,.,.., to be uSOO 8f>lt,ffl heh•e<1for picks and spam 
ahoVcls mll!t be prov ided. 11 t-Le ground is h,;rd apeci~l arr ani:wm enl• 
mn<t l,e made for sh~rpening pick,, e.g., fidd !Ol'ge .~11(] ,p,1rc stool 
puint s. 

4, The entrenching implement or grubber consi$t,, of a head and 
,. helve. Oneendol the hc11d is,. hoe sh,.ped like & ahonl awl the other 
end jg simi!&r to the chisel end of & piok•aie. Men must b<, taught t-0 
U8" the entrenching implement lying down, and to ahrt the intended 
exeav»tion from the n-.ar. lfaHI i;round ia more ea•ily broken up b,,• 
this method lilld a hollow for t he disengaged 11rm is pro.-i<l"'-1, whic h 
givMooverforthedi;;ger 

5. The Bpade ia llSOO for cutting •ods, a.nd trimming slop"•• 

6. Tl,e crowbar has many mea; all 111JJ.ks should be instructed in 
it,, useu,.eommonle~erforrai•ingweights. 

7. Cutting t0<>ls .- Tbo service cutt.ing toola are the frlling•aJ<e, 
hand-a.xe, hill hook, ,,,...._, .,~,t Mw, ha.ndAAw, and folding saw. 

The felling-axe, cro;ss-cut aud folding saws a!'O use<] for felling; the 
hand-axo. hill hook ,md ha '1d saw for cle~ri1J g hrnohwood, l1edge1', 
,h .. n.nd fortrimming. 

T he felllng--axe ca.n be used with effect only Ly .o. m0,n trained to""' 
it. An a.xein thehand•ofan miakilled m,u, i• ""ource ofdMJgcrto 
hm,sellandhisneighbour&. 

The cr ou-cut saw jg safer, eMier and quicker in the /,an.Ja ,.f m~n 
l!tskilled in the usc !JI the axe and is ,.-orked hy two rn_en who pull the 
$aw in turnacto1111the timher. No pushing is required, When uaed 
for felling, wffigcs arc required to pre,·cnt the MW from ja,unring. 

Wher,, cutting tooLs are in uw mearui to keep t hem sharp must be 
pc0>·ided, e.~., g rindst<m""• saw aetll, files 1111d honing atonea. 

8. Other tools In common UH .-Mau!B, •ledge hammers. auger,, 
fieldle,.el~. Men=11•i,...pca.cticewiththe,;etogetthet.e.tv"'lucoutof 
them . .l,hu ls ,.nd sledge hammers must ho uSOO with & full arm "";ng. 
Aug,,ra must J,., S<Jrew"'I in ,·erlieally to the ourf""e on which they ""' 
worked SO that the hole may be true, Tho field leY~I is descrihe<l 
in Chapter Ul. 
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' 7. Al..,.ein•isa.J~Jgbundleofhruah~·oodtightlyf'&'.'kedand hound, 
u!>ed for dra!IlH fr<.>rn Menches, found&IIOJl8 of ro&d~ m rna,~hy ,;te,i, 
and occllionally iO<" makin)f "'"I"', ,h .. The u~,:a\ dimensions are 

~fU:: ~~! :~!:;1!:1':t::.:•~n ~1:i:';,'~~:.a ;,'~!~- ol t~tlc<1 

8. Hurdles Me c!l!y used for rovctment &nd 1mles11 for a sp,,ciaJ 
obje<:t, aro mru;\ly , " e 6 feet long !lnd 2 foot 9 inches high in tbo 
web (Pla.te 7, F igs. I nd 2). 

To make a hu rd le a. lino 6 fed long 1" ms.rked on t he ground nnd 
di,•ided int-0 nine "l" "l_'pa,·t.s, _and_,. picket (a~ut, _3 feet 6 lnch_es l_ong 
and from I ineh t o 2 mchc& m d1amct-0r} diwen m &t ~n,;-h drris1on, 
the two out~ide onea b;ing somewhat ijl,ouler a nd longer. 

The web is then construct<'<l by a prooeea calhl randing wl,i,-h <'<.m'<i•t8 
in working with &ir,gle rods commencing from the centre. J,;a-0h rod ii 
taken a lWn,at,, aid"" of the pickets, twiakd round the rnd 1,icketo and 
woven back ww .. r-da. the centre. A freiah rod must o,·erla.p b.r several 
picket11theoncwhichit"upplan1A. 

Pairing rod11 (Plat,, 7, Fig, 2) 11..e u""<l in the centre and at both 
end• of the web, which is u•ually MlWn top and l>ott-0m in thrro plMe8-

A \c,ugher type of limdle ;_, shown in Plate 7 •. J,'ig. 3. T~ ia 

~-~;iir:7:1;:i::l:11t:: ::te~:: :,~::~: ;,;.:,«:~ ;::e:~ 
Fig. V For Mnvcmcncc of ca.rrying. t he vertical stilfcnc,.,, c,m bo 
temporarily re.lJlOve<l and theX.P.M. rolled up. 

9. Ga bion• arohollow bi>.Skeh or t>oxes, made of almoot, any mat-Oria l 
cap,,.ble of being bent or woven into a cylirn,M cal or square !qcm, ~u eh 
"" brnshwoc-:1, cxp,1nded metal, stout canvas, wiTe netting, &c. 'l'wo 
p,,.t ternl! ..re shown on l'lat.e 8 from which the ge .. eral m~tlwd cl 
construction~"" J,i, ohta.ine<l . 

The most convc;Ucnt form ~ the "'luare gahlon ma~c o[ exp.,.nded 
metal (Plate 8, F,g. ii). lt '" m..de by bending a l""'~ of X.P.M. 
round a •tout reefongul"r framework 3 fttt. bigh wit!, four 18,inch 
lace8 .. The joint whel'<' the mW! o,·erlap i6 ""cured hr a hucdle lacing 
of plam wi,-,,o,otla,rd,,vice(Fig. (l), 

Gahions ,.,.., ns«l for re~ etmenu,, ha.sty cover and n-pair work. 

JO. Sandbag~.- The ,ervice pattem of """d¼g me"""'"" 33 iDchcs 
by 14 inches emp t,y . H;,. made ol canvM and i•,med in bsks of 250, 
weighing96 lbs. 

&mdbo.g• a.re usc<l for r,wet mcntt, loophole•. •poil bag, for mining 
ordng-out work, 

IJ. Sacks. - C rain sacks or hags wl,ich ,nay be availal.,le on a~rvico 
can be substit uted !or sa. ,d ba!!" 

They usually conk>in about 2 bushels (21 cul.,ic feet) of /ifaiu-i! used 
for field defence"' t hey ahou i,\ not I,., more than hall filled . oth<-n,i se 
they are too hea vy to hand le ca.sily 



JtU!11ot11':""""""'Yt-Ocl~ortieup aaack ift!,emonthisc8rcfo!ly 
fokle<I unMr ,t when i ti'l bt,mg p!aoed in positiorf; theweightof tLo sack 

;rijl~EF:1~r£~:~~~i1:: ';:"};~~~). •~~ ~~'°:i:~:tin~ 
Plat.e.U,Fig .. 3. 

Trenchhoard6 aro "oodea gmting,i 
P late 9. Thoy are naed l<> gi,"' a firm 
bina.tion with the •hort rovetting(Pla te 
land track.a. 

CHAPT~R III. 
FrnLo LEYF.L AND FIB:LD GEOMETRY. 



the slope. Thu• a,.:Jope,de,icriheda,s4/I (i.~,fourin one) is one in 
which thezertica.l height i• four timee the baoo {Plate 10, Fig. I); 
whilst t hat upre"""d by l/6(i.~, one in aix}is,on t he contrary, one 

in ;:~:hn:!~;/',:i:! ~f·at;: ~~c:~:t~~~i!'f::a!bons as used in• 
field worka,arough rulei•todivideOOby thenumberoidegroesinthe 
angle. Thm 6"- I in JO roughly, This rule ahould not be u•ed for 
angl<l9greakrthan30'. 

2. Field level.-Jn layingoutfiel(!defenceseert&inaimple~omet rica\ 
operationsmayhenece,ssary. Theonlyspeci.Jinatrumentemploycdfor 
thcpurpo,iei•thefieldlevel, whichiausedfor•ettingofianglesonthe 
l!{NUnd , andforgaugings!opes, 

Thele,·elia •ho"'IlonP!ato lt. 
'.rhelimbC,which cont&instheapiritlevd,mnstheopene,loutfirst, 

and afterwards t•he limb B; the.... are then joined bJ a calth at X. 

'\.'lielenliause1i in t hefollowingways<-
i. Aaanordin&ry•pi1-itleve!,&suaedby •~pentoror apavior ; 

forthiapurpo.sc itnoodnot he op,,nedatall(l'ig.4). 
ii. As a, eq_uare for aetting off right angles. The limbe B aod C 

formt•herightangle(Fig. I). 
iii. .-l.sa.protractor,forlayingoutanang'efroma,gi~cnpointon 

a given hue, The limb A is mo.de to coincide wit h the line, 
t hepointolthea.rrow hea.d beingatthegivenpoint. The 
required angle can then belaidoutby d rekhinga taf"' 
from t he arrow head ozcr t he angleM numbered on limb 
BorlimbC(Fig. I). 

iv. For setting off any slopes from th e hori,011t&l to t he ,·ertical 
asa.mason'sle,·el. Forthia purpose t he plumb.bob, kept 
in a reee,;s of limb C, is required. The plumb·bob "'ust be 
suspended from the bra&! socket in limb C (near I-he end 
remotefron, the spirit le,•cl), and allowed to swing fteelJ, 
,md the level movM until the string coincides with the 
required angle!-, &c.; thocdgcoltbelimbA wil!then te 
attbercq_niredslope(Figs.2 and3). 

~. OneaideisgraduatcdinfcetandinchMand can beuaedasa 
four.footrule(Fig.4). 

3. The lniproviud l<>vel shown in Pla.te 12 ma.y be found uscfol. 
By means of ita seri"" of point.s, A, .B, C, D, E, F, G, ll, T, on tbesamo 
Jeni.can befiJ<ed and 1uarked by pegs. Supposa.11 i~41)yan:lsand 
thedifferenceoflcvelofthe drainortrenchbetweenAandlisloundto 
belloot,thentltcfa.llisl½inch""cachlengthof6yards; tbe botto"' 
of the drain or trench cau be grMed by me"8Urement fro,n A, B, 
C, &c. 



~e•)~w~rtfeof~!ntt f:)10,::g ~~p!;:!t:":n~~~:~1: ~m,:~7,·i:i \~~ 
thi.spurpooe. 

di~:\~~\~i~~~~':!~-w[t/itl,eis,. ~:~,. ev::t -~~~~~:! 
~rom X meaaure off a dis tance of 4 units XC along AB. Taken piece 

of _lineortapeSunitalong, apply one end topointX, and theoth~rto 
polllt C; find a p~int In the tape 3 unita from X, and, aei:cing it at this 
pomt, draw the bight out to D, tiil the line is taut,, then CXD is,. 
right angle. For example, if I foot is the uoit---XC - 4 fcet:XD -
3feetand~=l'ifcet, Thelongertheaidesofthetriangle,t.be more 
accural<l w,11 be the right angle, and, t,will hefouodthatwheolayii, g 
outlonglines,a"chasaparadogronnd,orfootballground,the.,idcs 
ofthetriangleshouldnothelesstbani6foot,12fcet.,and20feet. 

3. fotraooaperpendiculartoagivenlinelroma1>0iotonteide. I.et 
X be the point':'utside thelin~AB(llig. 4), from which it isrequi.l'ed t.o 
drawaper})<lndiculartothatlme. Takea.tapeorco,'dlongerthanthc 
ricrpeudicula.rwillbe; fixone~ndatX,andstrekh ittaut,oothattho 
nther end ahall cut AB in C. Drive in II peg at C, find D, the middk 
roint of CX. With Das centre, swing DX or JX: round t-0 the pooition 
DE, cutting AB in E. Join XE, then XE ia at right 11ngles t-0 AB. 

4 . TolayofianangleofOO'or120'. LetXbethe pointintbcline 
.\B Wig. 5) from which it is ""JUired t.o lay off an angle of 00°. Tako 
HllY point (.J in AB towaTd.s that end of the line from which the angle 
of 00' is to !;e drawn. Taks a t.:.pe or cot<l twice \be length of XO, 
sndfastentbeends t.oXandC. Sefaeitattbemidd!e ~nddrawthe 
bight out taut t.o E . Theu tho a.ogle EXC is 00° ond AXE is 120". 

5. To biaectagiven angle. Let A BC l;etheanglowhlch itisre,quir,d 
to bisect (Fig. 6). In AB take ,my point_ D. Fa,,U'n the end of t he t.:.pe 
at D, am! take it round Band back agam tn D. With the le11gth thus 
foundmarkE>u BCaud makethe !0080endfastatE. Take t he centre 
oi \,he tape from B a.nd atrekh it tight in the position DFB. BF 'l"ill 
biseettbeangleABC. 

13. To layoutananglee,qualt.oagivenangle. LetX hethopointin 
the straight line AB (Fig. 7), from which it is desired t-0 lay off an anrJe 
eqm,l to the anglo DEC. !n tbe bounding lines of the angle DEC tah 
any two pointa DC, and from X measuru XO equal t-0 EC. l'ake a ¼pe 
equal t.o CDE. Put the ends at C and E, a..nd make t-be tape co~·er 
CDE. Holding the tape Ly the point aho,·e D, transfer tho ends which 
were at E and C to X and G roapectively, and pull tlie tapo taut. Tb.en 
tho point whioh had been at D will he at eome point F, an<l the angle 
FXG ll'ill equal tho angle DRC. 

7. To find the<listance betwe<!n,mytwo pointaAandBwhcn it-cannot 
bemea.sureddi~atly. From Il(fig. S) layofftheline.BDa.enearly1>t 

(a l 4783)Q 



right a.ngl'-"' to ABM J!O"'!ible, D bcing at a.ny .oon~enient dil,ta.noe. 
Jn BD ...elect a point C "° tht BC ill 110me mult>plo of CD. lt"rom D 

~?1~! t~: ";l~" n;:i:;'t~::; !::::gi:,~!~~t1:d1.~ ~~p~i:: ~\~: 
with A and C. 

Then AD: BC :: DE: CD, 

orAR - ~~DE , 

CHAPTER IV. 

THF. Sl'l'ING OF TRE~CIIES. 

I. The aiting of trenches ia e.n operation which can be carried out 
sntisla.ctorily when 0<mditious allow of oert&in fadliliffi !or reoou• 
uaissanoel>eloreworl.:iaeommenoed. 

! . Wion th . ,..,,,.;..r Ioattl• •fJ'•ll- int" p,,.iti<>11 .,.,, .. ,.., 
t lo • 1 ... 11 .,.i..,■ •I tr•nrlo• ol • itker •id• ,..,., .. r tloe •o•n .111.tlo ••Mr 
mark of I.lo.• dtMk, '""\ .,.. •tu .. 7 tit.I pi- •II •·~io,l, th fo r••••• 
l!P,W, .. h&n ol.•1! 1111.o-•1'1'• i■• '.Ih• eonol.itiou .. .,., ol Utl• Jui•t1ol.• 
for •iti■a •I tnnok• . The i■dhid••l piM, eo•v•ni•ull •h•ll•kol••• 
rtani" • of h.:l.10•, do brio ol ., .. and louil,linp, on F&duiy •upd 
into a.,. ... , ~11lll •• I•• tbDO ia a Hmb1ianu of" -,nt.inuon Ii••· 

3. B•hioo.J t.,_, Ii tloe •irnn,., ...,n .. , d•••nd it , ot,Ji.or Jb,a. or •J••m• 
will 1,,. dn~Jo1..i, wbu• pnli•inay rt .. n•W .. 110• • '"' J,. ••••• 
Thtir rott-•i••o• .,;11 bo ••_rri-1 ou, a-,rdioo.1 . to t ll.t pri1uiplH 
1h'r• in :r;.1,1 3--rlo• :s..,1.-.ou . Vtl. TI, u,d .,,J_l d...,.,_in• tlot 
1•••ral , i•ina of the •loo\♦ dof•n1in l)'IW•, •11.iob. ii d-•il•d 
in,l•t,Ml i• Oh&pterYllI. 

I. Tlot '-•""'!•-d .;,;,.,ofi•fantr7tNn,.•'"'•.•itta••i~1\.■i;l.7 
tl t k• 1roHol. LA onlu to ••io.t 1111.♦ 1-11 •t •I iii 1•-il1ilit;.. Iii 
i1 raN\y ~ ibl• le 1c•p 1,1,e •ioolt of tlo• ,.,.ibiliti• of tlot fHtuna 
•I !lot 1ronnol. •• lb in• dMi•~ •' 1ili•1 tlot tNa,ell.•, an,l Iii♦ 
i•netiou of I.lo.• dil:C.rr■, •tt-0111 el ••• dtfen,h·• •:,-.•• wlJ d••••ol. 
edj,,-t••nW of ti.. ,it»,,•• t111, det•n•ilo...._, Uni- 1.io•• edju,. 
m,na ore ••ol.• Wo,. !lot tre■th• ._,.. t,·-,1 (""-. Ti), tiat •~J 
]ai;,our ,..ill 1,,. ,..a,t«I ; tl11 laloou ,.-Ill 1:,e.,.,_. dilb~ut,-n-1 and t./11 
,ompl,t,\nn of t h tT11nehH ,.,iJl 1,,. d•i•y•ol.. 

Whu , thl oo•ctition, &dn i,, •• liiin1 oloo ■ld loo, ,nukod out ,..i,h 
•••ll hi•• 1-0 u to ,How ol •!•ration witloo■I, , , .. te of t i,n• .,11 ,l 
li,,i;,ou, ~.ol. ,i,. J'".>'i liou of tli• 11~ •ioo,ld 1,,. d1t•n■in ,d tuliy Nfort 
tl,ena•m;:?,n•••• H 0W ,,urlr.. 



2.Theinfantrytrenchooruw,tbeeitedwast-o110011retheob.serva
t)onpost,softhe_positionfromoapturebytheenemylnaminoroper-a
um_, (Plat<i 13, Fig,,. l a nd 3), and must cove, pooitiot\Ji from which the 
art,llcryandmachinognns ean break npanenemy attackande,m 
aJlordadeq11atea11pportt-othei11fantrymanningthetrenehei,, 

lnl~n~;c~~1:,0ch~U:~7i:o~r:~:~7;J~11 ~O:.,n&,.!;!:~:: !J;~ 
ml<lhinegundefence andinsuchamanner a.. not .tointerfere withthe 
mMhincJ;11n fioldoffire. Su_itab\ypi&cOOobot..-,lce(Cha.pterVJ),wi!l 
fo,ce_theattackertoe.doptlmeaofappt"(Hl-Ohwhichca.n beswcptbv 
m,whmeg11nfire. ' 

ar!;_21'eguidingprincipleointhe aitingu,dde,sign offire-troncl:,e, 

i . Field of }'ir~. - A fir<,,tranoh llhould admit of tbe follest 
po8Sibledeve)opmentof thepoworo th11woopona WOO. hr 
t he defenders. 

ii . l'm!eetfo,,_-,\6re,trenohshouldrostridt-0thefulleetpo!!Sible 
ext-cnt thepo"·or and affeotof the weapona -01 the Rttact er~. 

iii. Mutual...,ppl)rl. 
5. Field ol !in.-'l'he ground wbioh a ayatom of ftre -trenche, ie 

intendedtocovermnstbe~woptbyfire, either frontal or enfilade M 
the]ooalconditionspertnit. 

Tho distance within whioh a determined defence ca.n i t.op an equally 
determ iuod attaok, ba.s beou oonsihly redm:,edbyth lmpro-.ement• 
in the rall'I of fi~ and accuracy of ,illee, ma.chine gwie and artillery. 
A minimum field of tire ol JOO to 160 yar<l• ia accepted"" 
,ollt\Sfact-0ry on positions, whioh it iil iutende<l to hold to the last,, 
prov:ided that artillery obaerv,.tion of the enemy'• advance canbft 
ohtainedfromsomepointawitbiutho po.sitiou. 

In positionall'hicharelightlyhel<l,auchasoutpoatpo,,itioru,,ifthe 
conditionaatlru it ofanychoice ofg.ite, a fioldoffireoffrom400to 
600yard.sshould be aimed at. Wbcndeciding thefie!doffire frou, 
a.propoaedtrenoh,thceyoshould b.. attbe!erelofthetopoftho 
parapet. 

Enfilade fire i., most demoralicing to the attacker and mo,t 
heartening to theddenrler. sinO<'theattoohrcome• undert.ho liro 
of a defender with whom ho is unable to o!ooe. The alignment of 
the trenches, ihe,...for<l, shoul<l be veryirregular,followingthe lieof 
the ground, forming alt.e'.nate ha~tiona and ,...cntrantB, running 

fo'ta;!:1:~\~~:'.~1J/:;;,~i~~ ~h~t~·;~ded by concealment of tile 
trenchc•.whichinaddit ion affordsopportuniticsfor aurprise. 

Concealment of treuehea. -The in1proveme11t in fire ar,u< 
has necessit,~ted more att,,ntion bdng pa.id to ooncealmen~ o! 
t.r<>nolte•, ar.d although now, systema of tronchea cannot be h1tltleo 
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fromnirphot-Ography, they can be coucea.led , toa~reatm,tent,from 
direct ol;,,ervn\.ion by correct dooign and cnrefnl ~,ting, w t hat au 
cnemycaubekeptin doubtast-O t.heportionsofthepositionwhich 
areoccupied,nndthestrengthinwh,chtheyareheld. 

In design, the fi rst dep t-Owa.,lil t,W.. was t he &bolit ion of t he high 
command parapet•, and the introduction of the deep fire trench with 
low command. Later expe,·ience has confirmed Uilll change of d,_..._ign, 
eyen though the fi~ld of fire ia more readily ,:,,/feet,:,(\ by minor un 
d ulations, becau!l<l the riHe or m,whinegun is brought nearer t he 
ground. 

Jngiting,trenche,sarecoucealedbyusingfoldsinthegronndaud 
natural coTT"r, such"" hedges, bank8, cropii, &c. EYen when the 
general line to be held is on &forward slope, much ma,y be done to 
hideindiYiduallengthsoftre11chbyaitingthemonthere,·erseslopes 

'of umlula.tions 0£ ground, wl,ile ~till retainir,g the requisite field of 
fil'oandobservationoftheencmy. 

From the point of view ol oone<:a-lment the worst position for earth
works is on the sky line. or with a d istant ba<:lrground when "'-"'n from 
the :.tta,:,kc1"$" obacn·aiion posts. Trenches when pl a«<:I even well 
do,rntheslopeola.hillwillsometimrebefoundtobeonthesk.1·line, 
when riewed from t he enemy's pc,,ition (Plate 13, Fig. 2). Whenever 
poss.ible, thorolore,sitingmustbe exauiin<>d fromlli<>enemy 's 
p oint of view. 

WhenitisnotpossihletuoouOO!i.l earthworks the;1·may be&it.-.:lso 
that itisdifficult forthecnemytooboen·eth<ohur1<tofhisahello,"" , 
lorimtauce,onalowridgewithdepressions t-0frontnndrear. Tileso 
depre,,sions will render it d ifficult for the enemy"• ground obser,·en< 
toseewherehisahellsfoll. 

7. Mutnal aupport.- Ffre-trenchea muat be &ited ao \.l ,at tky 
gh·e n,utual support. By this means. dc~d ground in front of ono 
trench maybeco,·crn<lbyonetoa.f!ank;enfiladefirecan be obtained 
and . shouldnnyportionofthcposit ion bepenetrntOO,tho~ncmy may 
beJl!"eYentedfrom1·eUlforcingorexploitingthepe1rntration. 



~~~:{~~~oo!:cf;? ;{£~•1:!al~J:;;~;~:~:::? 
tion,withtheresultthatpronounc:ed&ndthe1'<!foreinoonvenient g&Jicnts 
areformedinthegenerall in""' of& position. 

lnoulerklM·oidthese&1licnt.sandtomakoll8eofthooefeatnres 
of the ground_ which offer the best lacilitioo for defence, it ma.y be 

~=.:.r,;:,nw&s~:::,.11~~;,.iu one pl,we ou a. forward dope and in 

00;~!~~po,,aibilitiesof bothforwardandreversealoJIC'lmustbe 

2. Forward alop& po~!Mous~When t renches can be plaoed 
aome way down th~ forward •)o!"', it i• generally easy to s it<> thim so 
Mtoprotectobservmgpoot.s,g,vingagoodries.·oftheenemy's trenehea 
a.ndthegrouudo"<lrwhiohhamw,tadvanoo tothea.tta.,k, butauch 
trenc.l1esmDStnoObeBitedsofardowu th&slopstbatthcyeannotbe 
~upported by artillery withln effect.in range (Plate 13, Fig. 3 and 
Plat" 14), Also, when siting tho!ront line, the position of aupport 
andreserve trenchesmustbeconsidered. Thca6trench,..ma,ybeoon• 
cealedfromgroundobe.en&tionhyth.,enemybyslcilfullllleofroinor 
undulationa, When t hese conditions ca.n befulfilled · and adequa.kl 
communica.tions beta·oon th,;, t.rench"' is provided, & position well 
down a.forward elope is generally difficult to a.tta.ck sucooss!ully. 

Thcro ia a natural t ende,;.eyto place trenclu,11on highgrolllld: &llch 
iiround lil not alwa.ya the 1-t. Tho advantage,, of high ground &re, 
tha.t the defenders iru,t.inct ively feel greater confidence, that oom, 
mo.nfoa-tionsarelllOreeaailynouoooled,that&betterviewoftheenemy 
lilobta.inedendthattrenches,genera.lly,aremore ea,,ily tlrained. The 
disadvant:ag,,, am that the dofeuders' firn i• more plunging t,han 
gruing. tho.tthe pc,,itionof the trenches can be located more easily 
bythc attack when a.t&distance,tha-ttheal!Multingiolantrycanbe 
sl.lpp>rt<>dbyth6a.tt""kora' gun$1JI1t.il,,_ J,.termomeut,a.ndthattbe 
enemymay,.-orkroW1dthepooit_ionandtakeitlntJa.nka.ndraverse. 

3. Reverse•lopeposlttorus .-Whcnt,h&slope,lofthe aum.mitof 
ahill81'8 grad uo.Jonthedefenders'aideandthocrost i•broad,1t1nay 
ben&C<!Mf>rytopl.,,.,thotrencheaoftheba.ttlepooitionnomedista.noe 
ontha.tsidoofthecrest. Unde-.these oondit.ionsthocreotofth.,hill 
willscroonthotrenchesfromgrom,dobaervationhytheenemy'aacti llery 
observers (PlatoUI), hutitia often difficult to provide the n"""""ary 
fieldoffiteandobservation,and, shouldtheenemyijucceed in ..,tab• 
liahinghimf!<'lfbetweenthecroatofthehilland thodefender'strenohes, 
the advantage. will lie, gener"1\y, with t he_enemy. The defender m~t 
J, a~eobservahonover thelrontslopea ottherfro'? "°me~ition m 
~:;_orfromthoOanka,andhemustOOa.blekllmngclfoettvefireon 
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14., Oo,,.,,,u11.icoll<llt8anddrainage. 

]. Communication trenchH roq_uire M Mrdul siting "" fn 
trenches; theymuatnotbel;i,idout instereotyped~ig-,agaandwava,, 
Theyshou!d besitOO ,.11J,tbe ma.in object of ail'ordingooncealed &p
proa<:h.,., but,ielectedport,ionsabou!d besiloo.Mfiret...nches forfl~nk 
defenoo,Mas to form pooketsin whichau.enemyattaekpe~etrat1ng 
tbefroutlinecanbeheldupunderfireuut,l hecanboanmhilatedhy 
art illery fire or Le dealt with by oountet-attack . .A oomp!icated 

r21!:f~~~~1?~t;\:!~c~:·!:~!/?.. ~;~!~ ~;F:.~;::; 
route per hiltto.lion front between aupport and reserve trenches, One 
oommunicatJon trench per battalion np to tOO ra,erve t rench"" will 
wmally i uffice. 

2. Dr-alnage.- D raiua mUl!t be dug at the same time as trenchea 
which they are to Bel'l"e, so t hat it i• neoosaary to oomider t he drain9.g9 
planwhenthetronch ... aresited, Theillo})E'loftbe groundmW<tbewied 
toca.rryoffthew&terto thenaturaldrain agoehannels. Snmf"'ahould 
beneoessa1·youlyinveryflatoountry,and8houldbeoo1wide1eda laat 
ffll!O~whennomodificationolt.hesitingwillinducoanaturalflow. 

m nmup:-
i. Infantrytrencheamu.stbesitedooa,itooovera.rtj]lcryob

sero•tionJlO"W and baitery pooitions, and so as not to 
interkre withthesit ingofm,,,ohinegu.n!'°"ition.s. 

Ii . .A field of fire of l ()() yard.a in front of each firo trench i• 
neoe,,a•ry. Whoodooidingtbia,th&eyeshouldheattbe 
!eveloJthotopofthepa.:rapet,. 

iii. Enfilade fu-etll the moot dfect.iveform of fire. Provide for 
it,, remembering t hat a man armed with ,. rifle a lways fi= 
&trightanglestohisparapet, 

iv. 'frenches on aforwa.rd alope must he within supJl')rt.ingdi•
tanoeofoo~""1.artillerypositions. Whenllitingtbefront 
line, oonsidcrajjon sho,~d ~lso ,be given to tha position 101" 
aupportand~rYotronchrea.ndtoconoeali ngthemfrow 
theencmy"agroundobservers. 

v. The artillery must hen.hie to get good oh!lerva.tionovertl,e 
groundimme<liately infrontofthefiretrenchea. Where t,hia 
eon beobt.aiuedfrom hi ghcrgrouud, inrcar01·iromflank 
po:,itionsintbe neighboo,r hood , advantageshouldbebken 
of re,·erse slopes in ailing u,,-n~hes "° thllt, while t he enemy 
is under observation. t he defending troops areooncealed 
from ,~ew. 

~i. Co1nmunicationtrenchesshoulclheait.edl!OMtolorm adequate 
but si mple me11.ns of oomm11nicMion between the diff~l't'nt 
firepoai tiow,, Sele<ated portions also should he sited for 
llankdclcnoo 

,·i i, DrainagemustboloonaideredwJ,ens;tingtrcnohe,,, 



16. Tmpro,,;.,g a..d dooring /Mfidd af fire . 
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Low building,, may be similarly treated. lfow;co &lid buildings 
should be burnt &lld left •landing-◊ that thcro ln"'Y he no ac<le6-• 
to the upperlloorn,whichmightbeugefn]uoi,..,1',·at.·on poota; the 
entr&1100 to the cell»r,, must be blocked. Tho deh,is oi,. holl3<0 or 
wall form• 'l""er.v good co,·er for a machine guJ1 emplacement. 

1f it is d<"<Oide<l \.u blow them down . it must be ren,emJ,.,,~ tLat tl.JC 
amount of explo,ive carried in t,ho field is limited, a nd t ha,t the debris 
of the buildings \\ill be moi-e ,·aluablo ~• concealment and protection 
for Ute cdlnrs against artillery fire th an tho b1tildings l,hcmseJ.....,,. 

5. wood• and o~chards~It ia ,.arely JlOOSibla to nnJntake the 
wholesale clearing of a wood-t,hc work i, usually res(dcwd to the 
tbinningoltheund,:,rgrowthnud ,-emo,,alof!owerhraneh..,,....arr.,nge• 
menla h<!ing made t<> ,lea\ with tho enemy jllat after he h&< emerged 
from the wood by holding him nmle1· fire with aui tJ>ble obo<ta.eles. 

Wide ridc,; may bo cut if time permit.a. Tl,e,,e rides are like poop, 
hole• cut through the wall of a houae into the rooms beyond. The 

~!; o7~~~:,~t""!~;;o~0~~i~~~~n;~~•;Zs!::':t1!:ee:~':,; 
(Plat,,16,Fig.l). 

If the wood LS hca'<"ily indented on the &ido of the defrne~ the 
indentation '" '•}' he euggerated; by tbit meane tJ,e e"~'~Y advanc. 
ing through tho wood may b.. induced to" bnnch "at the AAlicnta" A•· 
hefore emerging, a nd I°"""' can be inflicted if t he ddend~rs are alert 
(Pla.t-0 t6. Fig. 2). 

6. Crops.- C;ai" cro ps must be trea.ted h' t h~ •rune way M woOOs 
There i, never tim~ to olenr th~ gr(>und enh,·ely , but will, the help of 
cutting ma.chines, t'idcs and itldcnt"'tiOnl a.re quickly rna,le. 

Clearing erOI"' with aickle,S a nd acythe• is a. very slow process, and 
reg uires skilled r~.aµcra . 

R:i.nge marks "hnul,1 he pro>"ided, and ohonM he placed on that ,ide 
of large t~ccs, houacs, banks, &c., which is only ,·illible to t.J,e defence. 
The •impl""t a,·r.,ng.,nent 0011aisUI of one white objcd per JOU yan:ls 
range; 500 yard8 may be denoted by the aiirn V, ma.de with two 
boards, pole,;, &c., an,l 1,000 ya.rdo hy the aign X, interme,liate 
hund<etb being indicated by aingl~ obje,,t,, in a,ltlitio11, -"' above 
described. 

Every aoldier "hm1M, in .o.rld ition. k11ow tho rangoo (o pc,ints w1de.r 
fire from his poot, which a rc likely t-0 be 1,r.,,·n•ed l,y the enemy. 
Th...., points ahould not he ""l""ted mcrdy bceau.,o they arc prominent. 

CHAPTER V. 
MACHlNl': QIU E)fPLACEMEKTS 

I. The impo1·!anc,.., of 
powe,·, are now s<> fully 

and its great fire 
of the first eare1 



iE~~l!i[~J[t~;{~~~tfJtt~gr~i.* 
fro~ ~.:!1'.:d~~i~~::::~:ti~~:,·~t~ti!l ~;,.,;; :-:.~·= :i~':1~;:~ 
t ho only protection poS81ble, &nd the concrete empJ,wcment or deep 

1,~/:!d ·i:::~,::r,.l~b:,~ii~!~;~~ted in positioo wa.darc, or wheu ample 

3. _)faehinegunernplacementsrnaybe, tllercfore, cJMSedundertwo 
headmg'lj:-

i . H Mty empla.oornenlll. 
ii . Delibera.te erupl&cements. 

4. The responsibility for siting machine gun positiOIU! rellb with 
m'l<.lhioe gun commanders, Mting under t-he ordefS of the commander
of the force of which thoy lorrn a pt>rl- TtiathedntJofthecommander 
to define t he taek which he wishea the mMhine guns to pedom,, or 
inthecaseof&deiensiveaction,t!tegroundwhichheintendatodefend; 
itis_thdu.tyoftbe_rnachine _gnnoomrnandertoaelectthob<.-stpoeitioru, 
(:ln1lableforcarl)mgouth1scommander'sintentiona,andtoarrango 
fortheconstructionofen,placement11mostsuitli.bletothecirr.nmatan""8 
of the case. The typ<) of emplacen,ent $e]e<ted will depend on the 
r6leofthcgnn,thelicoftheground,thetimeandlabouravailable, 
thenatureofthewil.andtheproximityoftheencn,y. 

Clooe co,operation betw&en commanders and their maehine gun 
commanders is particularly imporIBnt when siting new fiel<I worh 
ornewwire, in ordcrtocnsurothatthet>estuscpossiblc iamadeoftho 
'"·ailable ground from a. n,achine gun point of view, and that the 
minim um number of ma.chine gun& are uoed for ih defence. 

Now trenches dug without considering machine gun ~ tions may not 
onlyhlindthemachinogunsan<llimittheirfieldoflire,hutalso_a~ord 
co,·creda.pproar.hestothoenemyloadmgtothe ma.chi_negunpooit1?ns. 

6. Theconaiderationsgo,·en,ingtl!eaitingofrnachme;,:nn positions 
are given in detail in " MMhine Gun Training," Chapter XVIIl, which 
must he studied in conjunction with this cilapt-Or. These considera• 
tioMmaybesumruru'izedasfollows:-

;, Th~=i~ 0~111.r:y.:::~; :,,mr~mttl:en~ .. ":Ifc~led.:u~~~:~.2\e 
ii. They must he eoncealed from <>b.servat.ion, from the_tround 

andai,,soasto11CCureaurpr.se,and1-0aYoi<ldiecovery 
andaubsequentdffitructionbyhoatiJefire 

iii. Protection, intbeformof shelters,dug-outs, ~c.,is required 
for thegunandpen,onnel a.,t:,.insttheirdeotrnctionbrlire 
not •pecia!ly dirocted agaiMtthe posit.ion,auch u,i,rea, 
bombacdmeuw. 

TheseconrlitioMaredi.fficul t torecondle,,.ndthechoice 
ofaite will bea.compromise. 



m!;~:' a~f,;'ng;:;r~l t::~ ~!ll~~d:~~i;':lti: ~':n:~:::: 1~?~ 

;1;~~f;w:i~~~::1~~~;:if[i~ .. ;~~~1s::~~; 
!h<\machine 1,11uuen1. 

In t ho forward area, owing t-0 I-he difficulty of oomtructing and 
con..,,aling atrnng work3, th_e type of cn!plM<Oment ''.jll _be t hat which 
c~n be oo"c,,.,le<l most easily, """ d, ow,ng to the likelihood ol suoh 
pooitionll being sm,·ounded in tlw c....., ol determined hosLile .. ttwk, 
e mplacementa for '<11-round fire • hould be provitl,,d as d""cribcd in 
Seo. 20 witl, a shell a lit for the pel'!IOnnel (Plate ~6). Such an emplace• 
ment should be~iLed generally away from the trenches, to a,•oi,l the fire 
directed on the trenches. Aooeu •hould be obUt.ine<l by meam of a care. 
fully camoufla(,"'1 trench or anbway, ~ ~void o,·crland ha~k., "·h!ch 
are very ooo.sp,cuous from the a..ir. If ,t"' im~ible to a,·01d makmg 
tracka, these should be boyond the pos ition occupied t-0 a ,lummy 

~:~~ttb!'.;,;tl;';" ~~n~h~ible to bring up spedal ma½fals and 
,oonstruet •trong cmplooemenU!. In 1>1Qllt CN!<ll! ther<" "'111 00 &bo 
more cover, ,roeh a8 woods, hedg,-s, buildings, in which th~ emplaoo
ments c,m be ooncenled. It will be po,isible, therefore, t-0 construct 
•plinter•proof eruplacemcnta, emplacomenta proof against, light ahell• 
up t-0 4-foch (Pia.le 19, Fig. 3), a, ahctl.proof concrete emp)a.c,,ment,, or 
anelaborate>lt'St<xmnectedhy l!n <lergroundpasaa~. Such &po,i\.iou 
must not be surrounded by bel t<1 of Ligh wire which would sh<>w up tho 
presenee of the work to the a.irman. If ta<:lica.\ wire is 11:;ed (Sec. Z1) 
to foroe the enewyt-0 advanoo in &ptirtionlar di<"<:tio1> and t-0 bring him 
into the belt of mochine gun fire, m..,hine gun emplacements should not 
be plaood in the angle of the wire, wh~,-e the ~uemy is bound to suspeet 
their preeenoo; dummy ernpla.cement8 may be n,&de at th...., points 
if time permits; but thoreal emplaoernents should be •ited in oone<.>aled 
ground t-0 a fl11,nk or in"""'· 

8. In moatc-,,., pooit;oPS lot ham.'li<ingfire, or loroov"1:'ingan 
&tl&ck, a.re cho;sen for ono OJ>Naiion only, and nee,J nnt be of such 
.tnngth""' is uece<1sa.ry for m iplacemeuU! of a, more pern:wnent nature. 
TL ooe may oonslilt ol shell slits \Oith open pl&tforms for firing; or em
pll>Ol'mcnts with_ light •p!intu•prool oo,·er and wide loopho_l", such as 
tl1at deacdhed 1n Sec. 19. In wet \Veatlwr, wl,en •nstamc-d fire ll! 
requiroi, Mill when th~re ii! uo opportunity for an clal,oc,.t,, ,..o,k, ,. 

i:J..1i~ia"ti::t a~d ~1iti:~/~!;.~•w:~firli:;~cr agaiIDJt ra in, will be 



Tl,e following p,oragraphs, however, •how ho~ a. hasty machino gun 
emplMlement may be co11e,ea.].,.J, when no ma.teria.h exocpt thooo found 
Jo,&lly an,a.vai!a.ble. 

2. A camouflage scr,,en should t,., improvised, if poio,iblc, la.rge 
enough to co,·er the wbole emplMleroent. l.'or an open cmpla..-,ment 
t his should be about 8 feet by 6 feet and can be m&de of stripe of sand. 
bags or canva;, wo,..,n in lo wire netting. The nett.ing •hould be 
faatene<lto t wolightpolm, oncatitscentroandtheotherat, one end. 
The screen is t hro wn over the empla-0ement wit h the pole a t t h~ oentre 
over the rear edge of the pJ,.tlorm. The other pole which i, placed 
"cross the front ol t he emplaceru.en\ can be raised to lire (Plo.W tS, 
Fig. 2 ). The ,creen c;,,n hecarriedrolled roundthepo\ee. 

3. T c·Mks are very conspicuous from th<, air. h is impoo;,iblc to 
&void making them, hut t bey will not dieolooe the J'>"filtion of \.he cm. 
placement ii aorne procedure ouch as the following is adopkd (Plate 
19,Fig. 2). 

Lead the team rmst tho position ch06en. to anoH,e, 50 or 100 yards 
away. Dump sto1.-,a th~re, and ooeupy this as a. tempo..,.cy 1x.,itiu11. 
~foanwhile, J)f<lp&ro tho ch08Cn pooition for ooeupation, using the 
tracks a.I.ready made. Whe~ th.e pro[X'r poo.ition io cornpleled an? 
occupied , make all carrymg pubee, rtliel. &., .• pr<><:<,00 F•t the p<>Sl· 
tion to the dump, ro und. which tracks n1a.y be multiphcd, ~nd t hen 
mo,"e back carefoll y cm t heir hacka to the occupie-d posinon. Jly 
t.hi, me=• the tracks will appcM to le&d past the p&ition to the dump, 
"nwh"ch dumm. wo!'h ron be rna'. 

4. E:i:cavated earth 1" conspim,ous, ""pecWly from the air. Small 

::~::::!:~~: :~:~rtbc'%;:r~~,.\~ : .. ~~~~o~llb~~;{,o~;"::!cr:~~ 
tion am\ dmnpod ;ouml a dummy pooil ion. ApJlf'OO.ci>e' to a. JX>Sili ou 
shouldheconstruot<cd hy "''l'l'ingtowardl! itsothattheea,Htcan be 
c&rrie<lawayalongt,h@sap . 

::Jf?~i;J~§i~:~~~i £f ::~ ~1;~J[~;:1r~r :1~£ 
hidden undcrtheeover. 

::::~}~~~i(\~~I{:q{~~'.~~~Ltl~i~:.~ 
trenches de.sc,i Drd in CI,~pl<cr VI I. 

an vpcn emplaccm,;.nt of t ht dimCH· 



Th<l pla.tform ahould be cut well into th6 bank or par!pcl , so tba.t 
when co,•crod the work will not appear to br<>ak :he continuity cl the 
bank. Cover for the peraonnel should bo provided in the form of 
ohcll alilll (Pla.te46), 

If indirect fire is to he. ,13ed, a. T,base {Plate 21), must 00 pla=.I in 
po,itiononlhephlform. 

When further l irne i, a.vaila.ble, a light roof can be bui!t over the 

:"~u~~f,'!,!0ot~:n~;::Cl'?,:n "~~a;e,c:;u;~~~es:O~,~~ : "t;,it 
by 3,inch raft.,,~, ahout '/ feet long, r<'1lting on light poles or ·1-mch 
by4-inchaca.ntlinga.bout4fectlong. 

The inside of tlt" <>niplaeernent should be revett,,d ((1,apt-er Vil), 
anda.box orslitlooJt,hofowil!berequiredfortheguntofiro ih rough. 

Only tnough catth should be thrown on to the roof to hide it. Il 
more than a. few inch"" of earth a.ni used, the cmplacemerit will co1 \a1l8e, 
when a shell bllt!lta neat it,, the occupanlil will be buried and the gun 
put out of action, 

2. E,npla.eemmt.s pmof agairu,t light shell "I' to -l--iu"h, can be 
m&de if one of tli~ sh~ltenc dei.cribed in Soo. 102 is avaiia.blc (Pl&l<l 
19, Fig. 3), but it is generally better to rely on c()n,,ealrneut ro, pro
::'j;_n \!nle&i oi,e ol tha empla<0ement.s de•cribed. in Sec. 20 can be 

The minimum dimeMions of machine gun emplacements " '" given 
on Plate 17 . 

1'heroofcoveringo,·.,r t heshellershouldbe :-

i. Twofoct t hickn=ofea.rth. 
ii. A burf!Lercx.uroool I foot to I foot6inchoool hard material, 

, .,.,stonM, hrick,&c.,in"8ndbag,,. 
iii, Euonghea1:thforconcca.lment. 

fulAJ;~~~:.course of logs wired together aa used in SCT. 100 i.'J a"""· 

A box loophole _ mll •t be pnwided to fire through. The en,1,!acc
mcnt should be built,":" lo~ in the ground M will Ml.mi!, ol t he required 
field offire,otherwi.'Je,tw,11 form a.very upstandingfarg~t. 

3, llast,y cmpl,wcmcnt.s will oft.en be made in shell-hole,i . 'l'hev 
are made on th" line., ill(lica.ted a.hove, hut should he as simple ;. 
posaible, •o th~t u ,.ey i_n ay be concca.lcd. 1'.la.re tS, .Figs. I, 2 .~nd 3 
•how~ a. type of t h,. kmd of emplacemen~; m F ig .. 3 (he camoulfage ::;:;r ha.e been remo ved to show tho framnig of a. hght w,:,at ~er-proof 

Drairiago in thi, cn,_se is beat effected by carrying t he wafor off to ~ 
dooper ahell-hok, hut the druin muet he ca.moufl a;,'t:d, 



-to. D,/ibuato"'np/aumenl•. 

1. The8e may be clas,;ificd under the following types:--

i. Opencmplacemcnra. 

ii. Ch:;:~~:~\~~:;:~:~i1~ ~~r°t~: t~; t~·~,d~~~:.hiclt gin-.. 

ii i. !>lot;~i!!°~:~~~~/:h: c:::re~ :"~J~l:;:~:td~;.:~ = 
iv. Reinlorttd conerelepil\•box. 

2. Open cm placcmcnt-s a.ro the same as thO&e alrca.ily d e,cri bed, 
exooptthatbetterpr0\isioncw1bemadelor thoperaonnel. 

'l"h""e are ~ uircd in forwa.rd areaa, when it is impossiL!e toconstruet 
either t he CMmP"gne type or the concrete emplacement, ...nd whm 
the Moir piU-DOx cannot be cre<t-ed. W ben c<>n.'llructed in iso!at,>d 
posi\.iona a way from th~ trencl,~1, the cmpla.cement should 1,., in the 
form used in the Champagne typ~. When locat-ed in a. trench porition, 
allt hat is,·equirc,l isaplatJermonwhichthegunmountingcansland. 
Jn both """""• the cmplacem~nJ, must be camouflage<! from over~ead 
<>bser,•8tion. 

3. Charnpagne type omplacem ent.-The emplaoement ilsdf 
(Pbte 20) is merely a rcct&n;,•ular pit with revetted sides. A Lase i• 
pro\"ided (»·er a well, gi1·ing acceos to the d ug-out below. F.mphce• 
men\<I of this type "'"' genemlly conetructed in pin, cornmunieating 
with a. singl<i dto;(· OUt. .l:lut-. in order that the gun dctadmimt ma~· 
reach t he emplacement without delay, tho tli.,tancc l>etwoon th<i 
crnpla,,muenta construct,,:! in p.a.ira should not OX"'-"d. ~1 yai,k 

'l.'bis type of emplacement ea n only be we<! iu Jo,:.,ht,,,,. where tlie 
waWr level admit,< oi the construction of dug -out.. It is esp<JCi,,11:,
suitablo for employmwt in .a.n atea normally Lii.blo to •he ll n,.,.. 
mote pe.rtioulatly in aite< 1n;uler di,..,.,t obM',....ation from tL.c mem:(• 
,;,boorving poot,,, ai, it is inv,s,bl e to gn.>u?-d obaerv~tion a?-d easily 

::~:~aG1:' tt~ ::j~ :~;,.~~~;,':.of0 t ~i•::~u1~\:;'\~:~•i~!.:i~ :~! 
~;~81::_oa\t!~~o~~J!~::'.:"1~,;~;\~·\t~":~~1:"e~:n~;~~J.r:;;:~J; 

l;~~\~j1i1~ ;\;~~{ijf~?f~.{fi~~~§r;!;;tf 
mcntsarc al•o mosl,ve.luBble, but \.heir con,ttuctioninvolvcs thc uoc 
ol much mi.teria.l " "d Ja.l><mr, a.nd they ,bould only he u•td to protect 

!~~~;J: ~:~i~;~;;,~'~,:~:::~:~r:r:1~~::tf::::,,:h::. 
pagne emµb cement are ,hown on Plate 21. 



f. Moir Pm~Boz.- Thi.a em1,laoemmt (Plate 22) oonsist.s of a 
droulAr oonerot-e block wall, aupporting a Jome from which~ suspend.-d 
a revoking at,,;,! bullet-proof abield. The gun is cacrie<I hy "special 
mountfog a.tt.whed to the shield. By the a.,ldition of oon~-n,te on the 
dome and round tho block wall, the emp!...,ement ca.n 1,e made prac• 
tically proof against fi~ld gun fire, and "'"':plet<,ly proof ...-,-inst riAe 
or ma.chine gun fire. lt ce.nnot be made m any W&J" prool againot 
6.inohaliel!s, but will not, if auitably protected, be &ftoot«i by a 
•hell ofthatcMibre burahng3feetor morefromit. . 

Thi, pill-l;o" is aolll./<hle for""" in an a,cea not nonnally liable to 
•hel! fire, whcro it will, in the first inet~noe, be exp<)il•~l on ly to fire 
from field guna &nd ,nachine guna. Against these it, provides prac
tically complete protection. The qu<"ltion of pro,·ision of ac·eomrno,la• 
!ion for tl,e de!.,.,,Junent in this area will depend upon " hcthc,r tl.te 
pill-l;,ox will normally be oocupie<l or not. Jn fixing ~itee it is """"ntial 
to avoid \ocal iti"", sue!, as [)0$i \.ions in t he neighl:>ourhood of trench"" 
o, hou,,.., which arc likely to b.- shelled 

lnant>reano,·,.,l<l\ylia.h!eto shellfi re, thispilJ .J,o,c Mnonly IJ.e 
""'-"<I in looalitlffi not ,mdcr direct ob8<.>rv&tion from the mcruy's obscrv
iug JJO'lbi- I ti>lfurlhe,•unde•irahleto nseitinlooalit iea wit hinthe 
norma.l wnc ol ,;onccntrated bomlx.rdmcnt or nesr place• which are 
hkclytobeshelll'<l, unl""8cir<.nunsta!l0efl precludethe"on~tn,etion of 
a form of emplacement. •uch as the ChampagM or concrct-0 cmpbco
u,eot, which is betWr auit~ I for U!le in $uch • ~one. Whenewr u,,e,;l in 
an area liable to •hd\ fi,..., oover for the dcta-0Lment urnal, be provided. 
TLi;i will us<>aJly t.a kc the form of s •plinter•proof sbelt-,r (/::!,."• 105), ::~e:.· connect"'\ wit h, or immediately in tlrn vicinity of, the ,,mplaco-

The ,•alue of tl1is empl ,.,,.,ment lie11 largely in the fa.et that it is ca•iiy 
con,,..akd from air ol:>l!Crntion and photography, .,,,,1 I""'°""""" an 
o,!\.rounJ tra.veroe. It is e$$Cntia!, therefore, that the greai.oot ca,., 
be tak~n to camoulfagc the &ito before erection. &nd to mainfain the 
camouflage laWr. This appli,.. equall.v to an.v ahcltcr cl'CCte<l in 
oonnection with the emplAccment, and espedally to ent.mnc,.. both 
t<i the cmpl,..,..mmtand the shelter. Omce,.Jme,,t from ground ot>scna
Hon can frequently he oht..,iocd by l°""ting the ewplace,,,ent in ,. 
hedge, or by t he transplantation of bushes, gt8.811, &c., to fm·m,. ocrc,,n. 
Dummy pill•bo""' eo.11 be ea8ily ooMtn,c~. 

His not d""irnblc to use tbo Moir pill-box in conjunction with a. dug
out"" lll theChamJ>3gne 'H"'· II it i;, proJ)O!led to providcaeeonunoda. 

~it l~::/t!'t~·":~;~~~l~n o:,t)'!:~1~,:ob:t!1:~:'1~ tt;: =:~~lh~~~t 
it by a short longth (a bout 6 feet) of trench, which must he mOi!t 
cafffolly camouflaged 

5. The more permanent type,s of cmpla.c~m~nu made of rein.lorcl'<l 

£~~=c~~;,"Z,~f"~j~ with in this hook; they are des;,riOOI in Military 



CHAf>'l'l'iR Vi, 

OBSTACLES. 

21. Siling ofowiach.J. 

J. Obetacle• are usod to check or dircet into .,.,,"lain chanr,e(g the 
mo,..,mcntllofcncmytrooP"advancingtotheattackandtoholdthc,n 
nnderfireaalongaspoSl!iblc. 

Obstacle• are of twokindd:-

i. Tactical. 
ii. Protectivo. 

2. L Tactical obstacluareintendOOto:

(o) .Breakupanenemy"aattacklorn,ation. 
(b) R Mtricthilipowerof1n11ooeu.,,.,.. 
(e) Fol"<Je his troops into pooit~ona in which_they u~ more eMilv 

dt'lllt w,th by fire, particularly machine gun fire. • 

'l'heseobstacles a.re,therefore,site<iinconjunctiouwithtbemachine, 
gnndefencc,andin les.scrdcgrrewitb \.heartillcrydefenoe(Plate23). 

They usually take th~ form of irregular block.a of entanglement, or 
wired areM, such M ~mall wooda and stream beda. 

3. ii. Protectiveobstaeluare inkndffi toholdthea.Uackersnnder 
cl06eriilefireofthedefe11dcrs. 

<lei~~ m~!fi~d:t;)~1~::c::t !'~~;;~:~;~~11of~::, tt~•: ~::!:t1: 
~hou_Jd heso&itedth&ttheirouteredgeisunderenfila<lefirefromsome 
porhon of a fire trench. 

They should be far enough from the trench to prevent the enemy 
from bombing thooocu1ants with handgrenadee, hu t notoofartl>at 
t.heyel>n becntnndcrcovcr ofdarkn""" or mist. The 1race ru11st be 
irregulat· not parallel to the trenches, hut arranged in bold zig.2.aga. 
•othattheol;etadeearenotd!1lhoyed hytheS&mea.rtillery barrage 
l>l!thetrenchee. GeJ1erally,th"-'tlc011ditionawilll.iefulfilledhykeepiog 
the obstacle a minimum of 30 yanls and a maxim,un of 100 yar<b 
from the trench, and they muatnotaffordanycoverlotheenemy. 

~- l nspiteoflhegre,.timprovemcntaintrodncedforthcdcs!ruction 
of obetade-a by artillery, experience ffiow,i that o.well ai tedund ,...,11 
constructed obstacle has alwaya some nine even after the moot 
severehomh,,rdment. 

r,.Ohstaele11 ahould be hidden from direct ohs,,rvationM far aa 
po81lihleinhollow11an<ifold• in thcgronml., behind andinhedgcsand 
ditches, l;elowbanke. orinbmahwood,woodsand cn>p,l 

lnspecialcases itmayhedcsirableto~inktheobetacle,i intrenche,,, 
but labour is rarely nvai1"hle for this heavy work, and this method 
-Ofooncea.lmeotisuauallyconfinedtotboseportioneofthefrontwhern 



brcutwork.s ha.ve lo bo built-the borrow·pih are then bid out all<l 
d ug with this clld in view (Platc2t.). 

6. A aunkcn obstacle is of geeat value where defence aga inst tank 
attack is n;,quired. A narrow Bnokcn obstacle wiU not check t he tank. 
but the tank will not he able to crm,h the wire to foi," a pa...,ge for 
the s,coompanying inC..utry. 'fhe obstl\de will thus ha.w, t he effect of 
breaking up tho oo--0rdination of t"nks and infu.ntry a nd will ~"' far 
t-0war<lscbooking thoa.t taek. 

7. Obs~cle• should bcd ifficulttoremovcor allr mount, aud are more 
ci!ooti..-e if, Jn ord""" to dca t roy them, tbe enemy is forcd t-0 cMr_,, 
~p,:cial "'l" ipment. SJl<>llial attention shoul<l be pa.id to t h~ir anchor . . ,~ 

S. An ob.st<1cfoco"<"eri 01g a considerable""'' is less cMily crossed or 
<lMtroyed,andislc,,svisibleonaerop!anophotographsthan onemade 
wit h the ,,,.mo qU11Dtity of mat-0rja] oonoentrated in a n&1·row belt. 
A uniform thickuesa and depth of obstacle should be a.voided. 
\rregufa.rity tends h► hreak_up "':' Rttack. Every_ opportuuity ahoul<l 
be t&k~n w form pocket.., m which the enemy w:tll be held up m:;dcr 
lire, by making <>i.><t,:,.c\e3 along oommuni0&tiou trencheil (8u Seo. 14') . 

22. Gapa. 

I. 'l.'he only gap, required in front line wire are a few erna.ll c-on 
culecl exits for pa.t roL,; in rear lines, howenr, it is import ant to 
ha >'e plenty o! we\). marke<l gap,! for oowit~r-,,ttack;ng troop, to 
'1.d~a.~oo t hrough or m crdcr t h&t t,,oopa and guna retiring may not 
bo hrn dered ":"d delayed under 1.ho enemy's fi~ . All suoh g<i.pB 
mu~t be prov1<lcd wi th knifo re,its, wire c-OnoortmM, &c., oo that 

:;~:vi::::r ,.;~;~;; !';p~~ t':!\-Ot~,;l~eu!;:.ag~fo~ ;~r~a;t: ·,~~= 
with knife =ts, t he ~nds of the entanglement on ca;,h side rnwt be 
square, eo tl,a.t & comp!ct-0 block i,, effe<:ted (Plate 25), 'l"hc knife 
re•ts must 00 seeurdy anchor.e<l _to the entanglement or_to &tout, pickets 

f~!~qi·i~;fifiC~1~~;lt~;~t~f~ffu[Jc~§~ 
with communication tn'Oche$, where such cxiilt. 'rhcy sho11hl 1M, ,.~
z~gged t hrough the obetadc zone, but ohoul<l not be too complical-rd 
for a. monnted. man to 



\ 
3. Where 8ufficient roads and trMk8 do not cxiat., "~cial a.rtillery 

g""' must belllllCe ev<:ry half -mile; they ehou!d go straight through the 

~~~-1: ~:~~t~~:~:tg":~;;~i~~:;'~t~mbnJ~;•~~~:~;\:n:~~ 
ramps int-0 or out ,,f t,end,oo should not be made, 1111 lhey heoome 
impassable in wet weather. 

Tlic obiitades must bo protccte,:l from darn•gc by guns and -,.chid""' 
by row~ of st,'Ot>): posts on ca<:h side of the gap. 

23. Qrd,.ref-priorityofworlt. 

I. T he obstad"" of a ddcnsiYC poejtion ahould l>e made in the 
following ordar ol pri0>:ity :-

2,.. 1'y1~•ofwir,obatade$. 
l. The various forms of wire <Jbetadefl used in military np•retiona 

arnde,icribed bdow. 
2. Barbed wfre obstacles are 11t one<\ the n,oot effect;,,~ a11d t he 

moot rapidly made, 
The con$lruction ol wir,, obaUClce is the duty of ihc trooJl8 holding: 

}!;n!t~~;~ ~rti~t;'~~t ~::.d~th~~~~~ !~:t:h!u~~thtt~,':.,i:1; 
trained in the use of the materials which may 1,e available. 

'fbe following &ro th~ or,lina.ry types of wire obet:1de :-

i. Emergency obat:wlc (French "ire) 
ii. Hcltaofco,werlinas. 

iii. Low (or k,,oo high} wire ent.angloments 

i:: ri~:!1~' :!~~:n~,f~:~es for spider wh--.i. 
3. Standard French wiro (eoncerlins. plO..n wire) is tho inoat rnpid 

form of mt••nglcment, It 11,ust !lot b.: reg,.,,r<lcd a• a permanent 



4. Concertina wi...,.- A very rapid cnt.anglcmcnt con.sistillg of con
oertinas of barbed wir,, fi><ed by picket., Mill with one horizon\.,,] wire 
along the top of th_e picket.sis ahown on Plato _-n, Figs.~ and 1. I t 
hu two mthct senou,, d••••:hanta.g"", in that 1t reqmru, a good <le&l 
of preparation bt,fm,:,lti>nd. Mld cnt&il,, h,rge carrying P"rlit<I. 

At leut two rows of concertinM should \>e erretoo (one yard &part 
in the cle&r) to form &n dlectin entanglement. On~ row ;, not 
aufl\cient. 

6. Double apron fence conaial.s of four horizontal slmtufa on the 
fonee, and thrC<", including the trip wir,;, on eaeh npron. 

Takill{.!' into consideration t he following point~:

i. Effectiven=. 
ii, Amount of prcpMation rcqnired beforehand . 
i ii. Size of carryin g pa.,-ty. 
i,·. \{.apidity and simplicity of crretion 



Belts of double.a.pron fences form &n ocellcnt fr&¥Dework for a. 
"ide obstacle; concertinas, or lOOl!c wire C8n he thrown in bct w""" 
t-h8 bays for thickening purposes (Plate 29). 

7. Spider wiNl,-The spider wit<l ohown consists of a. eeries of ca.ttle 
fen~es p!a,r.ed a-r.cording to Plate 30, so w t-0 divide up the ground 
into compartments . I n ls:,ing out, care ~hou!d be takm th1Lt not 
more tl,an two or three fences moot a.t one point. The metLod of 
co!lllhuction is the so.me "'" for the apron fenoe, omitting the apron,,. 

8. The ,•iijibility of wire obstad'-"! from the air depends upon tL e 
loogth ol time the wiro ha,i been eroct.ed, ~a.use, dter a. short time, 
the difference betwoon the suria,,,e of the ground within th~ wire en. 
tauglement, which ha.s boon p1'0\<lotcd from ti'affio >,nd t he ~ffedti of 
th~ weather, will show as a dark shadow, and this ohadow will be 
R-Ocentua\.00 by t he light lines !l<lrOIIS it whn,wer thcrn is a tra,,k Un'Qugh 
the wire. lt is not the wire ent.s.nglemcnt which ohow•, but tl1{1 diffor• 
once in the surface, e.g. , inc,-sed length of gmSI!, untrodden plough"<\ 
la.nd, &:c . 

9. In e!l.'!tern countrire, when, mirage oecurs, th~ presence of a wire 
entanglement iB frc<tucntly betrayed by its ruirn.go at"' h~igl,t ab<.>ve 
theea.cth'ij•urfacc. 

25. Prtparaliiflla jor ,apid ,,.;ring . 

.. ·J·:• ·_·,-':·_·, • :·i._C:_i._. ,,--p~;,.;a~~:n of~i;;~;!n:'.' ~~tu~:r,;:'1";;:r~ 
i, The line of "'-lh>nglement, mu5t Ix, ta.ped; if thill is not clone 

~:nrt'?c;~,:~:: .. ::r :~ ~=~o;~ ;!': .• n;!:~u::tncy 
ii. Dumps of wiring m!\terial •hould 00 mnde i11 cora·ement 

JlO<ilitiollll close to the work_. Thi• enableo long k_ngths_of 
..,;,e to k erected in one night, and pre.ent.s the mfhction 
of ca.sualtie<l b1· U,e enemy seeing progrC88ive wiring being 
donenightafkr night. 

iii. Tapes shoultl be !&id from each of these dump• to th~ llnnk 
oftl,{lta.,ks concerned. 

iv. Coils of wire ahould be prepared for use (para. f). 

r:l};f f ~~1{/tif f ~jif ~1-'f;r::?.fs~d2l~i;: 
di)~~i~E:~:::i££'.r;:~~f!~m}!::J:o~~~i-1::t!,:t:."~~ 



;. &rewing in picket,,. 
ii. Ru nning out coils of barbed wire. 

iii.Windla.ssing win:. 

TJ~e;":tn!id b~•h:~~/:.'.rh :.:~, :~:nd:uo~~~t~~::1 ~:~~: 
topreventnoi.<c 

4. Handling of materia.l.- Rapidity in wiri»gdepell(ls ,·er." largely on the a bility ol the men t,0 handl e wit<'. Ale': must be t.rainc<l t-0 u;,e 
itwithcontldcncearnlnot bealraid ofit. lt,sliha.otmgi ng nett-le; 
if a man i~ not frightened of it, a nd treah ii, as ii it were a rope, it will 
not hurt him. If glo,re a.re u600 thf~· oho_uld l>e fingel'le&;, as the 

~;;t::p;::~~{ ~!~, ~tri i:::• t:J 1dn~ ':x;~!c~ } ,h:i~:~;: u!'.~; 
useglovfl'!. 

The plain w,...,. • .,.,m·ing &coil ~f barbed wire must b<- cut and a 
pi""" of aa.ndbag or whito cloth tuxl to the running en<l of the co,! 
;,. order that there ~hall he no difficulty in finding i t a t night; the 

~\~:1.t:.J~' /;'.:Ca:;,'t,~u'!:",~,:t:~~t ~tl~~":;,,:~ .. ~ r:-;:~k.lOise. 
Any tempora ry _ la.shing that may be required for t he hanBport _or 

Mrrying of matenals •lJ<mld be of twine, so t lllltitea.n bccntc,,s1ly 
in the da.rk. .Binding wire must be """"'nJ for perma11e11 t lashings. 
Thi., IB a m~t im1~,r\.a.nt pllint in t he ma.nufactu.re and use of barbed 

ohould be adopted for a.JI 
ol which arc given on 

i. Laying out picketa .-l'icket, must he laid Bo t hat. the point of 
t.b.e screw fa""'5 the enemy, and in(lical.es t he •pot at which 
thericlwtist-Obcscrewedin. 

ii. $crowing in pickot~ .- It is import&nt tllat the eyes of all 
scrow pickets should face the $11me way,"" it i• t hen much 
easiert-Oli>:t,hewire inthecy,.. Picketsmustbcacffwed in 
•othattheey.,. arepa ni.llel1<> the le11gth ol lheer,tanglement 
and tbo cut end of the loop forming !·he top eye faces the 
,J;n,ction from wh ich t he n>eu a.re ,icorking, i.e .. thr. head 
of the t...sk. H •hould be ca.refully e,cplained to the men 
tJ:llltLhetope_,.,.,ofsome pickeU!are inthcforrn of a.loop 
a..r,d those of others ttrmina.\e in tm upright, point. In 
th""e la.ttcr, the cut end of the loop ha, been sl<'aightened 
out, and in ayplying U,e above rule, it must he ima-gined 
U.a.t it'"'" been bent down aga in. 

6. l"l'xing wire .- f'or fixing wire on the acrew pickets, the following 
rnlesshouldbeadopted(Pla.te32):-

i. Men bing t.b.c wire mtIBl a h,·aya work f...,ing the ~nemy. 



ii. Tofil< wire in the top eye of a l~ng picket or the loop of an 
anchorage picket("Fig.1):-

l'ull theatanding end taut and slip the wire up int-O_thetye; 
contmue the upward movement in a, cir<:le commg down 
hetween Urn body of the eye and the point(lhe wire ia 
now through the eye), Then take a, turn with the 
running end round rhe picket below the eye, working 
oount.er-clookwisc. 

iii. To fi~~y~{F~~~ i)~~ eye when there ia already a wire in the 

(11) Pull the sto.nding endtautaudaliplhewircupintotheeyP. 
The11 take the bight on the running i"nd, pass it round 
thepicket&bo~e theeyc,thenfiniah offbytakinga, 
tamwiththeb,ghtontherunningend. 

(b) In the long picket, if one eye ia on th~ opposite side of the 
picket to the other th.ree, the wire mnst-, in thi• ea.ae, 
bt forced down inl<:> the eye and tha bight OIi the nmning 
end pafllled round. the poat under the eye. 

iv. A!lhoriwnta.lwires of an apron rnustbefixOOt-O!hediagonal 
staysbywindlasaing{Fig. 3). 

(f ,hooeru!011arecarriedout,the wirewillhefirmlyfixed in the eye 
andca.nnotslipupordownthepoot; also,ifonebayi•cut, the wire 
inthebay•oneithersiderem11instaut1111ddoesnots\ipthroughthe 
eyes. They apply whichever way the wirera are working-from right 
toleftorlefttoright. 

Thct;c methcxh of fixing wira are found to be far more satisfactory 
and rapid tht;n employing shor t longths of plain wire. The latter 
method is slow, a,nd the plfiln wire almost i11n1riably runs short, or i~ 
for(lottenorlost&tnight. 

7. Holdla■U.---Screwanchon.gepicket,i m,l.'lt be screwed in in tho 
direction ol thcatay wire, ,,r t!,ey will be drawn in the d.ire<Jtion of the 
struin. In sound e:uih "!fair.pins" or FreMh wir<l eutangle,nen t 
staplesca,nbeusedinlieu. 

26. ])ri/14 j,x mal.:i>UJ 10-ire obsl(l(l~. 

I. Dr ills.- Many drills have been evolved by which lo":g lengths of 
good wire entangl~meut cnn b~ creetcd rapidly by welJ.trmned squads. 

[n 1,,';'J~7~• :h~i, ~:~~ ":J :;)~~•,:u8s~"t::~~e<ll;€igned that:-

i . It is easily carried out byp .. rtiallytrained oruntrain<"lmen 
inthedarkorunderfire. 

il. Casualties can be replacedastheyoccur,withoutdiaorganiza
tionofwork or duties. 



The drill moot, th~l"'fore, 00 M •imple M (>088.ible, the idul solution 
being "one n,anouejob." 

It may 1,e found w metime• that this Li- not possible, owing to the 
n-ity for keeping the p,,,rty sma.lJ enough to be supplied by a pl;,toon 
under normal front-line eond itiorn1. 

Thefollowinga.lditionalpointsha.rnbe<,nconaideredinwnrkingont 
tbedrillgh·en below:-

;, )fen sl,ould wo,·k in pain! or group• of throe. 
i i . :-;o unc group should e.er croM another in t he <M111le of its 

work. 
iii. All groups should work in the arune dirretion, from one flank 

of the taak toward• t he other Aa.nk 
i\•. Gronr,s should work at in t..ervals so t l,at the m~n BrC not 

buneh"'l. 
v. The pattern of the entanglenwnt and method of erecting 

ahou ld DC such that no gtuup has to ot-ep uv~r the l>ire 
previously er<,ete<l by another group, 

2. Drill for Double Apron Fence . 
(9horiwntal wire!,). 

P arty : I N.C.O. arnl IOmen (no more are likely to l>eavailablcfrom 
a pl .. toon holding a front-line post). 

Fallin ll.Jlduumber; 1,2,3,4,5, 6,7,8,9, JO. 

}"msTDuTY(S-rou s). 

l,2,3,4,5,G, 7,8,9, 10 Allnumkrecarryo uta.11 storoaand 
di>mp at t h~ end of task (two 
journeys). 

SKOONDDUTY(PI~S). 

1,2,3, 4,5,longpickctN,,. . . 

6, 'l, S, 0, JO, ahol't pieke! )loo, 



'l)mrn DUTY (Wm~). 

l, 2, 3,4,5, 6, horizonta.] ·wire l and 2, 3 and 4, 6 and G,runont 
Nos. and 11eenre three horizontal fence 

"~re~, then th= horil.ontal [l"<)nt 

apronwi1tS, t!,en th ree horizontal 
l,a,,kapronwirea. 

7,8,9,10, 7and8,9 and !Oruuoutand 
secure frontrliagonalwireandrear 

~1;;'~10~·!:1t:':"J::t:.1ta !;~i 
begivenaatartby!land!O. 

Zl . ille;hod~ of thiikining afra,;,ev,m/i: of apr<mfenc. OW!aci<, . 

I. Various means of thickening a framework of apron fences n,·e :~=- on Plate 29. The method of preparing the material is ginn 

2. Barbed wi..,, concertinas.-Draw a circle 4 fret in d iamete1. 

[~J:1~:~:~t~:[:~iE:~t;::1f~:~:~£!o;;;e:~p;d2 
to prevent them from hei_ng forced inwa.rda /Plate 33). One coil 

*hr:u::: ~:;:':r.t::c:~:~n:~ortN~.'f!~rfa ~:~:i~ew:: 1i°~!:"~~~t 
No,i, 2and3runouttheooil. 

Comt.ruction:-

i. Take two complete tums ro~nd the nine poet,, wit h !\o. 12 
plam wu·e or four turns with l\'o. 14 wire, and bind tlmse 
turns together at ei,.ch inter,·al betwe"n t.1,e po,;Vl ~o a.11 

tofonnasecureondforpulling the concertina out, 
ii . Fasten thcend ofthc barbedwire to t.h<,plain wire and t,ako 

2-1 turns round the poilt,, in a apiral form, bintliug two con
secutive tums together ate,·er_v other intern!. 

iii. .Maketwotnrmwithplainwircandmakefa,itaaini. above. 

The time r/>quired to make one concertina is 20 minuto•. 
The bf-st method of prepe,ing a eonce,·tina for carrying ia ahown 

on Plato 33. The 5-foot lathe must be lashed tog,,ther tightly with 
twine. A man mu~t w;o bot.h hands to puU the concert-in& out, holding 
theplain,.·ireturnsattheen(i,,ithespita.l . 

A lxirhed wire concertina can be extended toa Iengtl_> of_ IS_to :?O 
feet, and requires to be pegged down with afopleaor ha1r-pma m t he 
sam<' way as French ,.,ire. To stiffen it, screw pickc1"" can he u.sed 
(as for French wire): thepicke1""arescrewedinfirntolall, at4yarda interval;theconeertioll-istheuextended,droppedo,·erthepicket.s 
dndpeggeddown. 



3. Meth"'1 of preparing l ooa• wire,- 'l'he ta.k ol thro,. ing loooo 
wire into an ent..nglen,ent from a coil is a !ong and tOOioua one. I t i• 
ma.de v~ry much cMicr a.nd quicker ii the wire ia coiled in a spiral form 
l>eforehaud. 

To do this, drive in two 3-loot stakes, 3 foot apart, and two more a.t 
right anglesto t he m ) foot 6 ind,es a.pa,rt. 1'hen wind 100 )"ard.s_ ol 
barl>ed wiro round th1• ,l1a.n10nd shaped framework, gradually workmg 
it up t,he atak"" in a spiral. Fin!!lly t.io the spiral together in four· p!"-"Ca 
witb.twinoandt:,ke itoJithcsfake6. 
a Cu;;,\r:-1 t h us made cAn l>t, e<>.Si!,1· carried by a. ni,m <m h is ah oukler in 

1'0 use it as looec wire, uut the bindings, cnrry 1,he spiral on lJ,e left 
a r,n and walk .-long, t,hro,.~ng two or t h,<oo coils at a lime int-0 the 
entanglenrnnt . 

One •p1ral supplies enough l<>O!H> wire for a bay 2 yards wide and ~ 
yanis !oog. It 1-akc,, two men 5 minutes to m a.ke one of th...., •pirals, 
&ud a man can throw it in a.a loose wire a!moot M !Mt a.s h6 csn walk . 
Tf ~pira.ls arnncodcd in large quantities, & wincb. ia u..,fnl ruid"a.w,,tima 
&nd J&bonr, 

II t,me and opportunity t-0 mak6 apir,.ls a.re la.eking. loose wir<! can ba 
pla.oed "" follow• ,- lJnooil a 5'J.yard length on t he groun,l , cut it, 
pick It, up with a long forked •tick, twisting it t-0 and fro, and throw it 
on th e ent..nglement. Pros., ,t well down and >iecure i t to t he wirce 
already ill pooition b~· windJa,sing,. 

4. lCnite N•t s . -F<>rn1.s ol kniierMtff areahown in Pl:,t,e 3-i. They 
Cl>!\ be l'O&ctity l'll pnm•ed- ,'!ut!icient, lefiL'l.·ha of the riisfance piece 
ruuit be!eftM-eache11ct lorcl>TT,l'ing. 

The following .>re fonnd to lie convcment Ill.Sil lo,,.d, of various 
m &terial• used in wire entanglement i. The numbers have he,;,n worked 
out not only a.s fair load• for l he average infantryman, lmt al..o th&t 
they may he in tb.c proportione req uired for wiring. 



29 • .ltisuUanww obstad~. 

th~·st~o~;:;.~~:3,t8: 8o~~;~·w~t~~:!,hitt~~~l~~~:~r,~:{:;t 
3fcetabovcthcground, bringi11gtheupperp&rtadownt-0theground 
a11di11t.erlaci11ga11dseeuringtLem by picket~. Largetreeat,hu.stre•ied 
formobstacleea~iallyuwfulforblockingl'O(l.cb;theendaoftl,ick 
branches ahould be pointe<J, and al! weak pla<1e11 atrengthenetl 1,y 
ordin~ry abatis. 

1'hisisthebestmethod ofe_nt,mglingtbeedgeof_awood toprevent 
the enemy troops from i:u.slung t.renohea behrnd ,t. ViHea or hop• 
:,~i:~:~I~~:::• with their top• picketed to !,he grou nd form good 

The tool.sand limereq1!iredforthiscla..,.olobi!t-aclo,·ittyaecording 
to Hoe material of which 1t is fonned. A.,es, !lllW9, l.,illl,ooks, mallets 
an<I ropes are genernlly nec<'Mllry. 

2. Barricades aroused to close ~trect,;, roa.ds and bridges agaiMt a 
rush of enemy trooJlll, motor mad,ine guns, &rmoured c&rs, .tc. 

Aa,. 1t1le, they should not close the road completely, but a~ould J,e 
made in two o,·erlapping portions or placed where R hou,ie atandinJ:o: 
back from the general line &Hows" pa"81lge round them (Plate 35, 
Fig. I). 

They will be r&rely prepared"" dcfcnsfre J>l\tapets, their defence 
beingsJJectod bymo.chinegun•andriflefirefromhiddenpoi!itionsin 
front and in rear of the barricade (Plate 35, :Fig.~). 

They can he made of nearly a:ny materi&l but bye the dlsad\'lrnlage 
ofbeingupaqucandtbIBgivingthecncmyco,.crfromview. 

A useful form of movable barricade a,gainst mshea by mot-Or mad,ine 
guna and &rmoured cars is ahown on Plate 35. Fig. 3. Carla filled 
with stones, &c .. hn,·c l>een uaed for the &Rmc purJ>("'e. They are 
kepti11&aideroad,untilrequired.wh£nthoynre mn intoplr.ce. 

3. A method of converting the railing on an esplanade wall into 
~:.obstacle againstanattempM \anding(Scc.lS9),isahownonPlate 

4. Jnundatlon8c8n bemadeinthebroadflnt,·alleyaofslowrunning 
riversor8tream•bydsrnmingtheatream, ltisimporl&nttodothis 
nt point-, where the greateat efl"e<:t can be produe<ed ,.-,th the loost 

;;h~t:t~:;I~•t:;:'~[}~:~•:.::1:!f,i::= :;::::":itE 
wire addatotheird1flic,ilt1e•. 

r,_ Mines.-Surfa-0e mines are uac•l to inllict casualties en the enemy 

:
118~_~i"£'~}~t~:;;::t;~~;:;,.;f~t2flt~7;~;t~~1,1li~: 

;~;:ns~i~'.:~ s!~OJ!'!~ :.:~i ::t~;;,.t:.~~ ;;:~~;n;: ~:~. %~&ti~n 



7. T he illumination of oba.taclu may be effected by the 086 of 
Veryliglitlarnl , .. ,,aehutc ,,..,ket.., 

8. Panage ol ob at acln.- TJ, e defltruction of ob.tnc1"" sucl, as 
a hat,;, wire entan~leme11 ls. am\ bnrricadee, J>rior to an as, a.u lt by t,he 
infa.n!ry, ia usua lly und ertaken h.r t he ar\.illny with ~re from guns, howitzcni. am\ trench mortars "~th instantaneous fuzc . 

.Failing this the f!ang,.J<>re torped<> has been fonnd ~ff""ti~e. The 
Bangalore to,·pe,lo ia an expk.,ive charge contained in a <\''!indrical 
.,,..,._the effect of the charge is to make a !(BP in the ob,,t,,,de the 
le11gt h of the t<>rpe,.lo. Tutaih! of tliis torpedo are gi,·ell in Chapter 
XVll, Sec.121, 

T be JMlSSll~e of otJ,er obst!ld"" such all inu ndations, otre~ms, d itch"" 
and ra,in....,. is Malt with in Chapter Xlll under Bridging, and in 
Militar_l' E11gine,,,iu,!. Vol.lll. 

CHAPTER VII 

DETAILS OF TRENCHES, IIJRE r osITIONS AND 
'L' HE.NCII AOCESSORIES. 

30, Gentrulrwwrh. 

!~:f/~~:'cE::;~~::~:;;??f:::I~;rJ~~;~;~:~:~~:~~i~ 
proteetionisaJiordcdby:-

it ~r!'~:!;:,r;!i::s.;,~~:i~t:~ !~~•::11~~~ ~~!;~~:.,~;:! •hclh 
which burst directly it1 the trench 



The trace of,. work iB t he general plan on the ground, the profile is 
IUlcro&!oection 

1. The trace mustnotcontainlongatraisht lengthsof open trench, 
which_ wil!_beexpoaedtnc,,fila.dofire,exoeptwhere protectionag&illl!t 
bomhmg ' " neces,;ary (,u Sec. 37). The length of any one bay 
ohould , thcrefore,notexc~30feet. Jnapccialcircum•tanoe11where 
atrenchsyat.emhsat-Obecompletedquicklythelengthmayheincretsed 
to SO feet. 

Traveraea mustnotbel-thanl5feetthick,andtheymlll!to,erla.p 
tho rcarcdgeof thefirebaybynot le8$l,b&n5fcctstground level, 
80that intrencheeofthe t raceahownon P lat.. 37, Fig, I, thefire,ba.y 
mustbeat leMt28feetlong,i!thetrcnch is6feet6iucheawide, 

Heeide,ibeingirregularin itsclf,thege11erallinaoftht>tracemuatbe 
laid outi11 bo!d curve•. so Mt-0 increase the enemy"s difficulty in 
orgauiiinghombardment.sand bMT&gcfiro. 

A berm ISincheewideahc,uldbolcftcle..rfrom the top edge of the 
t ren~h to the t-Oe of the pa,ra.pe\ or parad08, to pre,·ent the collaJ-'36 ol 
t beaideaol the trench fr11mtheweightolthee11rth. 

Tim forms of traoe in.genera.I Ill!<\ a.re:-

i. The "aqusn" trace which conoiata of a. serie11 of fi,-e,bayo 
oeparated by tea.verses 11.t right 11.nglee t11 the lire-bi'~·• (Plate 
37. F:ig. l ), 

1'histypegin .. t~o~st _proteetionforalltbe!'i~1eanre 
well closed in, but ,t 10 ahghtly ex travagant in time and 
labour. 

ii. The "baation" traoe (PlMe 37, .r'ig. 2) is aimila1· to the 
aqu11retracebutthesid0i!oftrave_rses11re11et!'t1100utl20" 
with the tlre-bay,,, This type g.'•ea goo·J_ protection but 

~u:a,: ~~.~~~~o ":~r!: ,n'.~ci't ;::-0!~:~1;:~ ~~7,~ 
of line,andisesaierlort,.,.ffio andfirecont rol. 

ii i. Th:f•~~i,';.'!,';a:~~t \~l:t!e~ !/~·;/!,,.;.i~f~~c: .,';;'::i; 

;~?~i:f ~~~!f :t;~ ;:•~~l•~~~~v o~~;~,~~~1ih~: 
Somealternati,·etracesb~l oncombi11ationsolthe 

e:;;;~~:.~~E:~i!if :~r~i~~::2i~?~t}:·tfi~L~ 
sidtll 

2. Thoprofile orse<>tion ofa t rcnchmu,;tbedeaigne,lsothtthe 

t rcnc\'. 1~ 0;:::.~:i:; from which men firing can uao their rill"" cffec , 
ti, ely. 



ii. A passag,, or communic&tion trench, which should be deep 
enough an,! wide enough to allow of the Mfe J>"lll!&ge of 
•tretcherbearers,.tc. 

A typical """lion with the name,i of the J"'rt.s of a trench is gi'<'en 
on Plate u, Fig. L The lwi1,ht !rem \.be lire step to ilie top of the 
pai·&petfor fire •t&nding ia showna.s 4 feet 6 inches. This, howe,·~r, 
nu,stberuodifie<:l&eco,dingtocireumstnnce/i:-

i. The hdghtof the men ,·a,:e,i, and a. fin,t rondition must be 
th,.tevery man muat have o. parapet as high as ho can 
fireoverconvenicntly,butnohigher. Menmw,tbetrainc-.:l 
totei!ttheheightofthoparapetimmedia.telytheyoccupy 
at.rench,andto"<ld orreduc,,theheighttoauitthem, 
atJ,,.es. 

ii. The•lopeofthegroundonwhichlhetrench[sairedwi!!'<'ary. 
Jfthetrenchiaaitedtofirenphill,theparapet,ua.ybe 
alightlyhigherth&nth&tofa,trenchonle't'el ground; 
whileifsitedtofiredownhlll,thep&rapetmu"'-be l ower, 
ifthemen&retocovcrthegroundinfrontwithelfoctive 
fire. 

Whenconsolid&tinp;acapturedpoaitionorcntrenching"nderfire, 
the trenoh will be of a8CCtion a.aahown in J (PJ,.t,, 41, Fig. ~). &nd the 
earth will be thrown up t-0 fo,ui the parapet only. 1'ill8 aeetion gives 
atrench,thobottomofwhichisthelengtholir,pickhelvebelowthe 
origin&l$Urfaeeofthegroun,L Thetrenchmu•t notl:e deepened 
llll'ther until !t has heen widened,"" shown In II (Plate 4'1, l'ig. Z). 
Ifanattemptismadetodeepenthetrenchbeforeithasbecnwid~ned, 
thefirestepd1l11ppears,sothatit\s im poosil,letofireontofthetreJ1oh, 
aodthetreoehbeoomesimp.>Mo.bleandoollapsesundcrshellfiro.. 

Trnnohes behind t hefrontlioe,whicharegenerallydugbyworking 
pa.rtie1S,shouldbedugtotbefullwidthfromthebeginning.provided 
thatthetMkscan besoarraogcd(ChepterX),thata.depthof3 feet 
~an be dug in the firetrelief. No working party Bhould be allowed 
fo leave a trench which ma.y ha.ve t-0 be ,aed as a. fire trench, until 
th ~t trench ha.,, l>een dug throughout to euch & depth th&t it givea 
goodcovcrtomenfiringstandingin it. The adrnotages of digging 
atrenchtothelullwidthlromilicotart11re:-

i. 'l'hatapropcrfire1tepls M11tlre<I. 
ii. The lal>our of digging is lessened, heca.,ll!e the bulk of the 

excavationl!finishedbelorewa.tcreancollectiothetrench 
andmake t,l:,odiggingdifficult. 

iii. Tunchee dug i11 thil, way to the proper slopea last much longer 
than narrow trenches , which rapi,lly dis&ppe&r under the 
combinedeffe<:tofweathcraudahellfir<'. 

The oompleted a,;ction of the trench •hould be of the minimum 
dimenoions shown in Plate U, Fig. 2. The p&rapet must be bullet-
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f>('rtie<idifficull, Tf tranrs•·• are made, thebettpallem is au is.land 
tra,•erse with \.he trench going ronnd it on both s;~.,,.. l'he eomer'I, 
of trawrsn'I should be rounded to enable loaded men a.nd strot<:hera 
to pMS; they aro easi,•r to revet when rounded than whtn >!<Juar,;. 
The minim um enrve in windlllg oommnnication trenches ro lh&t 8 

~;';;~her c11,n be earri<"d round it., i• Hl le~t radim in a h'f,Mh 3 foct 

2. Ev<:t'pl in auch ,;oil a• solid chalk, con,municatiou tronche! wh ich 
&rereqnirodto r·ern:>inserviccab\efor& longtimeortost:.11dw1,twes,ther 
must lJ<O reoetlOO. A h~m, of 18 inch~ mn,t he k.tt. between t,he 
edge ol the tr~noh ,.n,l !,he puopct, The minimum width at the bohom 
ahould bi, 2 feet G inch~, a.nd 3 feet ia better, lncrea,ing the width 
1-e<htc"" the protwtion afforded. and the width ol 3 f.,.,t at the bottom 
should •eldom be e:sccocdod. 'l'he rcvctt<xl aid~ must he sloped at 
het ... een 4/1 and 3/1. 'T'he depth of tb.e trench from l~p of parapet kl 
botklruoftrenehor !!oorboardahouldbe7 foet.,,IJ><'3"1ble,theproJ'IOI'" 
tio11 of depth of trench to height ol J>!lmpct depends 011 lhe site and 
fadlilies for drairn,ge (Pla\<>42, .Fig,i. 2 a.nd 3). 

3. Pau ing plaoe~.- The oommllnic&tion trench"" may be the only 
mea.ns of efYooting relief• io t!te trench •JStem. Tn,,tam"" ha.ve 0<.'tlurred 
;rhen ...,Jieving tCOOJ" have stuck faatin the trench"" and been unable 
kl proceed. 

P"'""ing places, ""'l in ,. long trench oooasiona! si,liugs, should be 
arr11,uge(\; sigu-µoet, should alwa,ys hepla.ctd ..tthecntrancetocorn• 
mnnication trend ,.,__, , a l\d at any br~nche,, off them, lo slio,,• wh~re t hey 
lei-.d. 

-lo. Defonce ol communication trenches .~9_pecia.l o.rrar,gements 
muat l,e ,na.,Jc to prevent the enemy'• boml>cI'I! working down,. corn· 
nrnnication hen<,h to &ttack \.lie linoa hehind. An)' eormnunioation 
trenchenterini{aaupporlorb.wklinetrencltfromthefrolltmw,tbc 
made straiit:ht forth~ last 4:i yards, and Le"U gun nr rift., fire prori,Jed 
down the otmigl>t portion (i'late U, l"ig. I). A dog-!eg trench will 
do, if proJ>"I' llTI'&ng:~men!a c,.n be m&de for enfila.ding both rea.cbe<I 

:: t~~ t,!';';~;~~>l;.":~g.00 c'~~~:.,;:e i~1;:~\';{~}~LS~';:\1:r ~~~'!: 
wire ohsU.Clffi are pl""'cJ in a rec.'i!S at the point where the block IS 
to be ma.de, so that, the last ""'" to retiro can quickly poll th= down ~~,-r,:.t:: ~!'\~:h-::,ie~.'ig•. l &11<\ 2). The s( .... ai;:iht length rnu.,t 

5, Communication tronche&·pr,,pared lor U8& aa fire trencheB 
a,~ of the ut most value for flank dcfonoe when the wcmv hs• "oc-

;?E :~€~~~::~~l~~:ic~,=~,~-1·~~;;:£!1:,~~;~:i~t~E~~~~ 
(Plate ¾), thP. o,:,a,ipant• of thffie trenches rnu>'t be prot~ted 
f~om,ifleandmachincguntirefrompooitionoinroar. Acornm unica• 
t,ont,..,nehpr<ep;iredforu..e,..afiretrencbahouldbeurotw«:donboth 
oidc•by,.goodwireentanglement. • 
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T>.·enoh junotiorui.-A commuufoation trench ahouldenl.er and !~,ave 
a fire or traffic trench a.a shown in "Plate 41>, Fig. 2: the entrance 
andexitllfeaeparatedby&epa<:eof30yo.rds,sot!mtoneshellcannot 
block the oomrnunic~iion both way~. Well revetted ate!"' a,llllt be 
prorided on either e1de at interva.Ia of JOO t,, 200 yards to sen·e 
a.aex ita. 

Overlandt;a.:ks,"ithalltrouchcroasi.ng!properlyhridged,oneither 
si_de ol a marnconununica.~iontrench, rel.ie,'eoongestion oftr&ffic at 
nightorbydaywhencond,tions .. refavourable . 

33. Suppqrta»drt8<itt't /renche.s. 

I. Support and r""erve trenches should 00 similar in design 
to trave,:scd fire t,:end1es. l?rot-K:tion against shell fire in the form 
of tnnnelled dug•o'!ta or concrete shelters (Chapter XV) should be 
provided. 

2. Slit trenches afford very good protection from a hOlltile bom. 
bardmem. They aro I t-0 2 feet wide &nd 'l fret deep; dug at right 
angles to and on either side of the communication 11.,.nclli'fi. They 
must hestruttedatthetoptOpreTT'ntcollap,e,ande:i:it •tepsmust 
be provided at the end away from t he communication t,.,.nch. Eooh 
"slit"should bswavyin pfanand long enough to hold !Oto 12 1nt>n 
(Plat<>{o6). The11e trenches are used a,lso for corer lo,· ,.,..,,.,·es, machine 
guncro,.-;s,and,inadillerypositions,forthepersonnclofthcguns. 

l . Breastworks are made when it i!l impos;iible to obtain cover 
by digging trenches: forinsta,,ce, in rockycountrywheret,here iB 
noearth,andinmarahycountry wherethewaterlie11011orcl011et-0 
the surfa<oe. Their constrnction ls slow and laborious. ln •pite of 

~~;~. ~;:gu~t~:,,:;t:d':."1/;,;n ,.:::ri;;:'i;;;~1!;~;i~~;a:i~reb=~I~ 
repaired than trenches 

The tr&(:e and profile of breutworh follow the same general rnle;i ..a 
for trenches. The parapet must heIOfeetthi~katthctop,theex!erio,· 
•lope between I/2and 113. and the borrow•ptt, from which ti,ecart_h 
for the P"""P"tisobt-a.ined,muatbetrao,,dsothata berm of,3fe~t-~ 
left between the toeofthecxt-e,·iorsloJ>0a.ndthec<lgcofthepit (Plate 

452_I<·~;e~i"orks roust be constructed with tr1>verses in t.hc same 
manncrasfire trenche11. andmustha,-.,afirest-ep.toallowolevery 

i::' :':.~m~~/~~~n~~~:1;fn!'% 1c!t~ ~=::; :~=~:..:,1.:)::~ f: 
obrn,ined,cithcrbyi.>uildingup t.hepa,:apctloth,ahe,ght,whenara,sed 
fir r,g step will be req ujred, or by havmg t~c finn.g st<op ut ~un.d lcvd 
and d igging a narrow shallow trench 1mme<l1at.6ly behmd ,t and 
ronndtbi'emlsoftraverses . Aparadoamu~tbecoltlltructcdtoprot-ect 



thegarriwnfromthe backblastofhighexploaiveahe\ls. Thiaparadoo 
ahou!d be bullet -proof (4 feet thick) atita top. a.nd atr<>ng1yrevetted 
on bothf&CTl! . l tshu11lcl 1,.,.,. high or slightly higher_thanthcpo,rape~. 
A path paYeclwit bhrick ortrench boardedjm,tbc-hindtl,e J"'1"atloo 1• 
" great con.-c-nicncc; it ahould communic&te with the fire bays by 
openinga through the paro.dOO! behind at leMt every other trarerse . 
The space bc-twccu the breastwork o,nd pnro.do., sho uld be trench 
boarded. nnd ,l,ainag,, mu,t be pro,•i,bl 

4. A hreN1twork ~nee begun should h<Jcompleted asq u.ickly as po11Sible 
for, while inrompletc, i t is ve1·y ,•ulnn,.ble to artillecy fire. I t is also 
important t<> com plete t-he work in dry weather for the borrow-pits are 
likely to fill with water and prog~ l3 t hen ,·ery a low if n,,t impoosibl~. 

5. A breastwork mny he oon~tructffl "" follows,_ 

35. Sappi,ag. 



Chapt,,r XV. Thoy are made to establish oooouled oornmunic"tfona 
l.etwe,,n the fronthcn_c~es and the forward pootl,or to prtnideexitl 
from the furn,er for ra1dmg and Maaulting troops. 

ro/~'.:~:~:,;~a~t":~n~:;\ ~,:,:'cJ~c:i:, J::~:~c :;::,i::~::: 
toheestahlishOO IU!quicklyaaposaible,wheuthesetrenche11 havehe(,n 
captured. A R<'saian so.p ia converted into a communication tl'i'nch 
byremoviugthetopaillsoftheframeeandallowingthoaopportedeartb 
to fall in . This earth mmt be cleM·<XI away at once, otherwise t-he s..p 
soonbecom~simpaaaab)eandtheaidei,oftheaapm,1stbeprovenW 
from col!apsmg. T~e aido_ timbe~ may be kopt io place by acrnwing 
home short screw p1cketam theaideoftheaapa/.>outt-hree•quarter• 
thcheightoftheaapevcry51eetan<lpa."'3inganironrodorpipe through 
the c~·es (Plat.e 4.7, Fig. 3). 

36.Draina!I'· 

I. Drainage of trench.., and fire )>Ollitioru, i• of the great.est im 
portance; ifncglected,trencheacollal"'canddisappea.rinbadweatber. 
Apartfromthcquestionofconvcnienceand health. failuretopro,·itle 
it,lherefore,mayha'redisa.stromresult6011operatiow. ,\lol'i'tl'i'nchc• 
arodc~troye<l byncglcctofdrainagetll!m bytheenemy"s 6re. 

The question of dro.inage moat be carefully con~idered when l-renche• 
aresi1ed. Drainaahonld beput11ttbelowest1>0intofcachfoldintbc 
ground, and the hot-t.om of the trench graded oo na to fall towards the,o 
without-anyinterinediat-edep"-""'iow. 

Exc,walionofdrainsshould bedone uphill ,.ntl thohot-tomoitllfl 
trenobgraded heforoworkceasreeachda.y,oothatpocket.a,fonnedby 
unfinished task.s,aronotlefttocollectwater. 

m~~t ~n:i:J:~~::;;;! :~~r; !f~::r~~ 17,~::e;;.v:~,:~:;f~;~~:: 
areooppliedhythegarrioon. 

3. Sump• or 110aka.ge pita (Plate U ) should not be relied on ~nl~ 
natural drainage ia impossible. The only pa.rt of a sump which'" 
effectiveisthatbclowthe\evelofthebottomofthetrench; unk"llllthe 
sumprcMh.,.aperme11blestratum, it must be pumped or haled out. 
I! 11 •ump c,,,ue,, to &OOorb w11«.r, it is pr~b&hlc t?at the pore.. ~f the 

:~{:f:~iif:!~;[~~jf;[f~~f~tI1:~ftiii 
iro{then constructing" trench system. until the ma.i':' "'.""P" can he 
provided, it will be ne<!08Bllry to provide small sump pit,, m ~he trench 
Ihle!/: theiiemuatl;ewellre,·eUOO,and keptc!carb.v pumping. 
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th!· ~~:;"!:~~~ '::i::.:r ,::~~,~~~;e ~dt!~:!.~:l:~;,_~~:fe1~1thi:: 
creasing the height of the pa.rapetupl.<la.ful! breastwork, ifnwee,.,,r_v. 
1n such eoil, auru p11 are of no ,·a.Jue.. 

~- In oocupicd trencli<>a, the mud which ill churned up by traffic will 
make draina.ge imposaibl e, unl"""' trench boards &re lo.id with a clear 
apo.ce for the wa.t~, to flow beneath them. 

Trench bo<lrd,, should he !~id"" aoon&fter digginga" p<)i<Sihle, ewm in 
dry weather lo,·, aft,er " li oovy shower, traffic will q uickly convert the 
bottomofthc t,renchintoa •lough. 

e. The rnaintenanOfl of a. drainage systen, is eo,ienti&l and ,un;;t he 
oorried out by t.he t roo!l" in occupa.tion. Specia.l trench warden• must 
be det&iled forcon11nwiication trenches. i,o t hat bl,,cla~o.uaeJ hy fall• 
or ahell fire may he 1"trnond wit-bout delay, 

I . Travor""• are s trong butt,- of eart~ h_uttingou~!rom the front 
or \.1,e rear fa.c~ of the trench, so as to apht 1t mto & senet1 of cornpart, 
m~ntll. They give protection I.<) the ga.rrioon against enfilade fire and 
localize tl,e died of a ahell or J.,omb hurelini. in the trench. For both 
th....,purpoe,..,theymustheotrong&ndsolid,~n,lnotlOOfltha.n 15feet 
thick. 'l'hc top of the traverse should he lughcr than the parapet, 
80 a.s t-0 protect the heads of firere from enfilade am! tra,etsing fire of 
mwhine gun•. The ea,·tl, fonuing the top of the tra.vcrsc should be 
thrown well forward nnd ooca.aion&l fol'W&rt! trav~1~ed pro,·ided 
(Pla.te 39). The traverses. however, should never be higkr th&n t he 
p11rndoo,or the fire ba.y,,will be marked ou tbyth0Tn. Trav~nlt'i!ll<ld t-O 
the leng th of treneh ru,c"""'a.ry to accornmod&te & given number of rit!ee, 
and, if they""" too fre1p1cnt, ma.ke s u]>< r,-U,iou 11nd control difficult.. 
They lwilitate bombing attacks along the length of the trench, o.e 
grenadee cau be thrown from under co,·er of a tr,wcrac, generally into 
the ne.xt My but one. As a protection against thll< lhe,e ohoul,1 he, 
at interva ls ;,. tlie line, ~t raight !engtha of t rench in which the 
dU,tanoe between two adjRCent tr&ve,.,,..,. W beyond the range of n 
bomb thrown by hand, i ., ., 45 ya.rda. The tra.,·en<ffi at either end 
should heloopbolOO forfiroinwa.rds(Platen, Fig. I). 

2. Tnne,- will often have to he made in a complctro trench which is 
insufficiently tmv~rsed. To do !,Ilia cut ont,. " D, " the inner lr~,:,e of 
which i, 15 loot, wide, ""d •uffid<,ntl_v deep \-0 give a.rt cvcrlap oft, f,,.t. 

~~~\~~ i!!',;8 ,;,'.e~\:,u~•:.i~"fs!;. Ztl'.;,!'.rut~"; ot~Jt,~:;i1~~~~•f~ 
the space oo fo,mcd with the spoil \.a.ken from the D (I'lat-0<1o9, Fig. 2) . 
Two parti"8 of !W.ove\le111 will he req uil'OO., one for filling the apa.oo 
between tlie re"etment walls am! the other for rdonniug tho par&dOII. 



3. Bridge traversu are t raverse• built Q<Jro,;s ,. trench , but "·hicb 
&!low traffio to p&ll1! below, They are used to •creen t r~mchea which a.re 
cnfila.<lcd by tho enemy, &nd tJ,e effect is \·ery much the aame us tli&t 
of tbo fhea m the accnery of a thcntro (Pl&t.e 50). 

38. Qo,erl,.ead 1'<)11tr, h.ead<'.m'(r, fuoplwlu. 

J. Overhead cover i~ never uacd in any trench which is to be 
:;:yr::.?t::"cr~ ~;:;:;r~v. Ovnhea.d cover fouholt.era &nd dug.out<! is 

:ii~£0:;~:::~h~::~1:f;: 4~;•~•,:Jt::~!:::::t}:n~:j:s~ 
2. Road cover.-HaAy hcadcovor may be provided l,y plaoing 1.~rge 

atones or hags of •~iflglc in th0 parapet: the firer must fire obllquely 
""'0$" the pa,rapet m order to get proteoti~n from hoatile fire. More 
deliberate head covor is provided by loophoJ,_.. 

3, Lo-opholea.- All li d ng by night,and to meet an attack whcthci· by 
day or night, mn•l be over the top of the p&r&pet. A ~,ta.;., nmnkr 
of loopholes &.re 1le<)ell,B.81")·, however, in al! trench ay,,t.ema for the uae of 
•nipers to inllict easual lioo on Lhe enemy whe!lllver opportunity offn'll, 
to annoy him, interfere "~th his work, keop him under cover, and keep 
downthefireofhiasnlpcra (Sec. 39), and forobsf-n·ation. 

Various type• of loof)holca arc •hown on Plate,, 51, 52 &nd 53. 
The art of building loopho\.,, 3 0 a.s to make th<,m se-0ure , invisible 

au.l con<'enient for firing at <lefinite point• requi!""I mo,t oa1'£ful study 
and training, Tho chief point/! to be oill!e,ved are:-

i. They a,.., u.,ually made at nigh t am!, therefore, t he alig lllilcnt 
must be•it.edandmnrkedout by Jay. 

ii. The work must be completed in one night and all signs of new 
work must be obli l,erat.ed by.daylight. 

iii, The maximum am<>unt of p1'0tection mu~t 00 given to the firer. 
A service steel loophole plate with a metal tlap to close 
theapert-urei.sthc b---"tformofloopholeatclof!"qnarten,. 

iv . Therecesemll8t givcsufficientroorn toallowthefirertouschi.s 
ride obliquely through the loophole from eithet •ide (Plate 

v. Loo!ttle• rnust be con,,.,.~led from the front, they Rro t.hcrelorc 
set obliquely iu the parapet, 

,-i. CL1rl;~:;:~1s7, b~t'~'!:{it,~~:;, 01~;/:: 1:J:~;• :i~r!!;}, ~ 
(PlaU: 97). 

vii. Con;:~~';~\:n~radi: ,!;:~~::~o:!b~~: de~i;t;,e:'.,~ \~~~~; 
and rubbish of all sorls thrown over it( Plat~ 53) , 

Tho methOOs of noncQa[ing the deep ahndow~thrown by the loophole 
aredeserihedinChsptcrIX. 
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39, S11ip•r$ p<J<I$, 

No definiteru1.,.oan be laid down IU! l-0 the best position for•uipe,... 
ltm11Btbolclttothcingenuity&ndent,,rprioeofthe"nipera1-0diaoover 
ouit11hle pla= and l-0 uoih.., them oki!lully. Many cxodJeut places 
will be found for ob5"rvation &nd • lllping in,..,,., of tJ,e fi ring line. The 
heat t..im., to n,:,onnoitre for ouch points is duri'.'~lheevc:,ing liJ!ht, 
when t he on,,my cannot ..,.e yery lo,·, but while ,t is st,1!1 po&Sible 
to , ce whether they oommand t he Yie w rc,quired. 

A tunnel through the po,rapet,if t heopeni ngi_scnrd1J Uywncealocl , 
may prow, & gocd sniper'• Vo•t (Plat e 63 ). Sniper posts •h~u!d be 
mode for tWo men, one w ob...,rve &nd anotl,er to fire or mnh notea, 

,;,o. (Jb.,,r,-,,/ionpost•,inl,Ui!l"nc•posts,lool:-ou/1,w/,s. 

A good syst.cm of ol>1ervation VI of the utmost import..noo t-0 the 
artillery and inla.utry in Mlyform of w&rfare. Ob<,,,"·a.liou a nd i11t,,lJi. 
genoo post.. are the "Y"" of the artillery an_d infMltry ·oommandera 
respectivdy, and tLe enemy will spa.re no pams to hlin,l them; any 
building. feature or pointwhichioatwpected a• being used IU!au oh
aeru.tionpoat will certainly beco1ne &largetforhl8arlillery(Chapter 
VIII), bctrayingtheplo.ceasanohser,·ation orintelligenoopost, . 

.l<'or good ohserv,,,tfou wo,.k the observer must -be comfortable. A 
shelf real. in front !or his dbowa, field gl"""""• &c., is '"'l."irttl. 

'!'he ix,st ""'"t not Le too dark.other1<·ii,e theeyce0Ilheobae,·ver 
!l.~e strainod whcnovcr _he_ turns l,ia hea<l from the br igh t, ,laylight 01lt• 
a,de to tLe darkuees w,thm. 1'he r,:,&r of th e poet must not be open to 
full d&ylight whenever anyo ne en,.,,.. or leave• it, otherwise th e enemy 
ca n aee through the sl it and ohsrrv~ auch m0\'en,enIB as may t&Ke 
plaoc l>ehm~ ,t. and the dayhght sh owing through bet rare the µhwe as 
anoh,;ervation orint,,lligene<l po•t . 

The bottom of the s lit shou ld be 6 fe-et 6 inches from floor ]eye] , to 
\mahleatall mauto """it. A•mall platform can""'<ily b<-pla~ for 
a~hort man, 

The ohscrv&tion slit ehould be of it-regular •hape aud not !e•• than 
6i1>cheadeep. Tfthe •liti • leai.th&nthis,thcfieldofviewist.oosmall 
nnleaa the obs<-rvcr keep• hia eye close up t-0 the olit, whkh attitude io 

;;~"~:,:::fdI~t~~n~~•;h~:~o:~tc;,bsen.,.tion. H~adroom abo,·e the 

Thealit,ahonld beal>out3inchee longorl<Ccordingt-Otltotleldof 
view required. 

;,?~~1~:~:~r!E::;~;.~rc!~~~•tl~;I~::~~i;~!;!;;:a:~~~ 

:!f ~~;§;i~1*f ~~~~t:l::I:iEt~Itfi~ ±;:~~frf 



7i;:;: ~e;_t is the minimum area in whkh work can l;e done propmly. 

k'orartillcr:yi tshouldbela,·geenoughtoaccommodateoneobeener 
t':'o telephoillJlts, an(l maps; the telcphoniata csn heaceomroodated 
with sdvantage below the obs~n·er (Plate M), 

41, Rev«ment oftrenchea. 

I. Slopes.-~he amount of revetment in trenches can 1,e ,·ery much 
rtducedif thes,des of_theexcavat ionsareca~fullyalope<l. There is 
no d\fficulty about this provided the work js propei·lv set out and 

;:il~~'~;e!° 0~~1::e:•~e,~~l:::.i~:: ~~r:c:': ~~tk:n;:!1\~:de:;\!0;:J 
makesitdisintegratean<lfsll. 

A trench .A,B,C,D, with wcllcu~slopes an<l l.>adlycutslopc,, is shown 
onPlat-e66,F1gs. land2 

Slopesshouldnc,·erbec':'tatthesametimeastlteexcs,·ationisbeing 
<l~gont; the general prrnc1ple of wttu,g slopes is ahown on Piste IS6, 
.t,',g.3. 

~a king the.side.A Bat a slope of 2/1 the horizontal distanc,, from A to 
JJ,ia3feet. I t,n l! beconv-enienttodigthefulldepthof6feetintwo 
st<1gesof;lfectdepth. 

<lo~.~~::;are: •t l::~~ a ateplSinches wide at A awl dig from a, wrtically 

Second stage,Jea,vea,s tepof 1Sincheawide .. ib and dig from a 
verticallydownfor3feett-0 B. 

Third stage,cleartb.e steptbydiggingoutcarefnllythet ,·ia,ngular 
blocks,Aaband001.8. 

This is done best by first of all digging out narrow slits W,X,Y ,Z, at 
intervals {Plnte 56, Fig. 3) as guides a,nd then clearing the,..,. 
mainder,uaingapadesorflattenedehovcl s. 

The width of the step aA ia anfred a,t in this way. The slope Ab is 
2/l ab -., 3 feet , the~fore aA - IS inches; similarly for \.110 atcp a• b. The side CD can be done in exactly the same "'"Y only as tho slope of 
llCis3/l ,thewidthof thestepswonld be 1 footbecauscthe,lopeof 
nc - 3/ 1 and cd .= 3 foot. therefore dD - l foot, 

2. Selection of type of reve!.Inent ,- The pri1>cipa,l ol,jections to 
revetment,, in ,. t,,mch a re the great &mount of time, labour and 
mate,fal t·equi re<lfor thcircoru,trnction,andt,liat,shouldthctrenchbe 
1,Jownin,thercvettingmaterialis<lifficulttoclearawayan,l obtltrnct~ 
traflic,thisisparticular!y the cagewith corruga,tediro11, upanded 
met,i.l ,~nd brushwood hurdles. 

'J'he npper partofatrenchismost, exposed to damage by slJd l fire 
&nd should not be rcvvtt<,<l unlese abl!Olutdy ""'"'""ary: 111,r,dlJag• 
a,nd brushwood arc moat su it'1hle as they can be cle•red &way with 
ordinarycuttingtoolaandehovels, 

(B J4783)Q 



Thelowerp~rtolatrenchiales6expos00anditi•convenicnttorevct 
it with some more perma nent form of lllilterial such u cor.-ugated iron, 
c:q,anded metal, hurd les or bruiahwood. ~~i• provid~s a firm founda
tjonon wh ich to build the aandba.g wall, fac,hu.tei, drama.geanJ gre&tly 
Msi~ts in clearing the trench by providing a hard surface to clear to. 

J,'i re,,t<:pl! ~hould be revetted a• sOCfII"" the digging i,,Jinished. This 
ma.ybedonebyusingtheshortre~-ettingframeaorpicket.swithrevet
t ingmateri&!0auchaswrrugate<l1ron,expanded meta l, brushwoodor 
faaoines. Sandbags should nevM be used for m"1tlng or revetting 
fireateps;theybecorneverys\ippe,yinwetweotherandmencannotget 
aae,mrefootingtofirefrom 

Sandhags a.ndg,,.bionsa.re mostusefulforrepbir"vrk. 
3. Revet!nents are of two types;-

(u) Thoaewhich consist of a "akfn"" held in position aga.in.stthe 
face ol the earth hy fixed upright~. e.g., corrugated iron , 
expanded metal. brushwood, hurdle"supported by pickeu 
orframea. 

(b) Those which are bu ilt up likP a retaining wall or dam and which 
hold ha.:k the earth by their own weight, e.g. , sandbags. 
ao<la,gabions. 

+. T ype(a). 

i. Plck,.t fl .- lf picket,iarelIB!'d1W1upright1!.theirfeetmustkdriven 
we\lintoaoundgrountl,.taslopeof4/landtheirheadssoourelyanchorecl 
backsotba.tthepreasureolth~carthmaynotfo,x,ethemoutofposition. 
The whole dticiency of the revetmPnt depends on t his anchora~. 

Stout a.neLoragepickelilatleast2feet6incheslong "l,ouldhedri,·en. 
in aufficiently far ba<:k from the face of the rentrnent to be we\l beyond 
theangleolreposeoftbecartb(PlatelS7,1''iga.land2)roughly 
h~oe tbe height of the re,·etmentfrom t he fwe. The revetment pickets 
should be 2to3feet apai·tandwireJb&ek to the o.nchor&~ pickets 
b.s·atle""teight st ra.ndsol l4 S.W.G. wiretwistedtogethcrandwind 
basedt-i1>;ht. l'hesewiresshoul(l befast-ened totheanchoragepicketat 
groundlevelandt-Othetopofthcre,·etmrntpicket. exceptintheco,;e 
ol b~tworb. wheu the wire shonld be att,iohed t-0 \.lu') re,·etmen t, 
pieket atapointaboutone-q\!arterofits e,:;posedlcngth from tbeto~ 
(Plat-e57, Fig.2). Theanchorag,wiroomW<tbeperfectlys traight. 

In oadgrounda llec<)ndand,ora~sbould be driven in 3or4feet 
behindtheii rat8.lldthehcadoftbelatterancboredbacktoit. 

Anohorageahould. ua tule,bedri~en ;., or laid at right angl""' u, 
t!telineofpull. 

Scrow_pic.keta when ~•ed a~ anchorages should on the contrary be 
acrewedm.mprolongat,onofthe lmeofpull 

ii. Fteve1-t1ng frames.---{Plate,, 9and 69)providethcsupport.s for 
t1-enchhoardswithadrainagechanncl below. 

In nsing the8e re,•etting frames the revetment must commence at the 
hotwm of the frame (Plate U, Fig. 3). The trench m,IJjt he dug 



deepcnought-Oallowthia to he done. TrenchCII in which iti8 intend00 
to llilC ~·ht«c l_ramea ahould be ".hecked by tneaWI of templete du,·i ng 
c:rcavaiton, 3 m~hea cle&rance he,~ allowed on each side of the framts, 
earthmnstbetightlypackedaga1nsttherevetting111at;,rial, esJ)<'Cia!ly 
helowt.hestrutaoftherevettingframea. 

The frames muat not he fitt.ed into slot,, cut in t.he bottom of the 
t:-ench . 

Thefra.mes mustbeuprightandprope..Jyaligned aot.hat eachtakes 
iteahareof t heea.rthpreesure. 

Thc~tanceapa.rtofrewtruentpickotaandre,·ettingframeedependa 
onthest,ffnc,,aoftherevettingruaterui,\used; inordinarygro,111dihey 
ahouldhefrom 2to3feetapart. 

iii. Con-ugated iron is the ~t.rongeat and moot durah!e revett ing 
material T hosheetaahouldovel'lapeacbother hy3inches,anupright 
bemgplaceda.t each o,·erla.pa.ndoppoaitetheeentre ofct1-0bahoet. 

In waterlogged ground it is advisable to make weep-hole., in the 
shoetatoasllistinthedrainageoftheearthhehind. 

iv. Expa nded m etal ijhould he uf!ed in the form of hurdl~a 
(l'lat.e 7 )orgabions( Pla.te8). Ifhurdlt<larenota,·ailahle,4incheshy 
I inch longitudinal battens can be nailed to the expanded metal to 
giveitsomemoa.suroofrigidity: ineit he rea.se theexp&mfodmetala,nd 
not the battens should be pla,cednext t he earth. WhenreYetting 
fr&meaarenaeda.auprights.theaeha.ttensahouldben1<iledorwin,(\to 
them; thishelp11tokeepthefra.mesinpositionand•trengthenethe 
rewtment. For convenience in carrying the X .P.M. may he rolled up. 
andthebatt.ensna.iledonatlhesitewheretheywill heuaed. Plate s 
shows a wire hook which ia useful for lacing together pla,lll X.P.M. aheets 
inrevetmentsorga,bion&. 

lfe:rpa.nde<lmetal is118edforre,·ettingfirestep!,apicketorpl".nk 
mustbefixedalong t heedgeofthefireiit.eptopreYmt1tfrom l>r1ng 
t rodden down. 

v . B ruabwood,- Remove the lea.vee a.nd twigs a.nd pa,clc the brush
wood in behind uprightsapa.COO ata,bout2 to3_J.,.t intervals. T½e 
brinhwood need not be woven betwocn the upnghts. Brushwood "' 
very hulky andrequiref! a grea~deal of transport; itiamostuselulfor 
work near woods, where it will be obtained when clearing the field 
of/ire. 

Hbrushwoodhurdleaareused , t hcy111u$tbeheldinpoaitionbyproper 
uprighta ;itisnotsuffi cienttoanchorha,,,kthepicketaofthe hurd le 
itaclf. 

Yi. Planklng.- Foreat pla.nking or half-round waste out.side cut~ ol 
logs maybousedforre,·etting iu poaitionsnotcxposedt<>artillery 

""· ,·ii. Wire netting and canvas aT'<l almost usclcas--they lrnlgc c:rcea-
ai,·ely undcr t he pre&ure ol t he eartb. 

(el4783)Q 



5. T:,pe(b.) 
i. San<lbags.---Samlbag,uhould be throe.quarters filled with earth 

or8&ndoothatwhenbeatenwith&shoveltoarectangularahapethey 
meaaure about 20 by 10 by 5 incboo. Hard ground, gravel. chalk, 
bl'icka, &c., mnst be broken small"° that when thesa,ndba;; is f,]Jed 
the material can he shaken into a comf>""t, plia.nt m"'"". Jn thia cMe 
theMndha.gamuatnothebeo.ten. 

A filling pMty ahouM conaist of t.hree men, two holding and tying and 
one shorelling: building parties should work in f"'ira, The size of 
t h~oar,'.'·ing partyoonnectrngtMfil linga.n<l bui l,\ingP"riiesderends 
on tbedistancetha,tthebagsmlllltbe~"rriOO.. Three men shou!Jfiil 
and two men ahould la.y 6() Os~:yi J>er honr, so tlll!t the ou·ryiUJ; party 
ahouldbeaufficienttodeal withthisi;umberofbags. 

Sandbagsrotquicklyandshou!dnotbeuaedwheretherevetmcntis 
=1uiredto•tandfora.longperiodifothermaterialisa.,·aibble. Tltey 
arousedchietlyintlteropairofdamagedparapetsand forquietwork 
oloactotheencmy. 

Therevetrnentomusttaketheformofaproperlyhuiltand hondcd 
rotaining wall, with th~ thickne,,e at the base proportional to the height; 
it must not be a mero veneer or skin of bags. The common faults in 
bu ilding sandbags areahown on Plate 58. 

Thern011timp<>rta.ntpa,rtof ,.aandhagrevetmentisthefouml&lion; 
this must be in solllld ground and must be oIC,wateJ so aa to be per 
pendioular to the slope of the fa.ce of the revetment. The " batter" 
(slope) fora •andbag revetm~ntis 4 ln 1; the foundation must,there, 
fore, be cutto,.slopeollin4. 

lnunsoundgtound thefoundationoftheoandbagmuat hel'1l,,etted ; 
•hortrevettingframeaareheatforthispnl'J>O"", 

A.00{,isaaidtobea"stretcher"whenitjglaidwithilalongestgjde 
parallel to the face oftbewall,and &"headcr"whenatrightanglea 
to the face. The bond used in Mndhgging i• known as English Bond, 
i.,., "ltern"te oou,ae of headers and stretchers (l 'lato58). The first 
cour11eshould be headers. Headers should be laid with the chokes 
(tiedends)towan::bthepa,.,.pet: ifaatretchcrhasonlyoneaeam,thia 
alaoahould be turuedtowardstho parapet. 

ii. S o<ls .--!><'ds ehouldbelaid intheMmewayas sandbags, graas 
downwards; if aoaila,h\e.asplitpicketshouldbedri,·enthroughet>eh 
60d toholditinpo,iitionandstrongthen the revetment. Bundlffl of 
heatlterandgr..,,,.can beuae<lin thesantewayforternpurary work. 

iii. Gabions.-Gabions ehonld be act atabatt-erof 4 in 1. on a 
foundationaade,ioribed insub,para. iabove. 'l'bey>iho\!ldbefilledJ10lid 
"nd kept steady by earth thrown up against them nt tlle same lime. 

lfsandl"'l!""rouaedabo,•otheg~hion• , the_vinustbeaetbi.ckhel,ind 
theH· e<lgetopreventt,heexpandffi metalcuttmg the bottom layer of 
MnJl,,,go. • 



4'2. Dffmc,;ofhedges,u..,l/~,d,c, 

l. ~edges .:--lt is m~t import.ant t-0 concea,l the fact th&t the 
hedge1soccup1ed; for t)usreason,thebackofthehedgemustbede&red 
sothattheupperhranche11maylorn,,.11<:reen"g"inst,.el'Qpl,.ne11,and 
theffflnt ofthelie<)gcmust~cle,.redsothatthedefendercan!)e<) 
and fire t hrough without being seen, ""d the fo!i;,ge or branch"' 
lnde,, the e"rth excavated a.nd thrown U.l the front to m"ke the 
P"rapet. The front of the trench must becloset-Othecentreofthe 
~edge, an t~at its thick at<,ms may interfere with the fire,· as 
httlea.sposs,ble(P la,t<l 69) . · 

ll thedi~hisontbeenemy"ssideofthehedge,excavatedearthcan 
be thrown mto it "nd tJ.ien fOVered with the trimmings of the he<lge 

Hedges should be trimmtd i ll front with ajact knife andn,;,tin a 
wholet,11,]e manner with billhooka or h,m(\·&xes. 

The rooUl of hedges will make the work of ucav&tion difficult,. 

~- Wal_la,-h is rarely ':'dvisable U.l occupy wall$ if the enemy"s 
&rtil lery Ill efficient-machme gun fire would usua!lv enforoe the use 
of loop•holea. fo a.nycase,menoccupyin;::wallaor buildings~houldbe 
protected from falling debris by overhead cover(PlaW55,Fig.!i). 

3. E~anklnents and eutting.- ~'fre poaitiona in th""e featur ... 
are easily made by cutting'' D ' ' and "T '' heads into the bank• 
the chief point to be remembered is th&t protection from t-he back 
burstofshellamustbeprovided&aahownonPJate60. 

D •hcndsahou)d be30feetlong,sothatbot,.hmtrunceacaunotbe 
de,,troyed by one shell. 

4. Blockhou ses are sm11!1 isolated defenaible buildings suitabl~ for 
occnpationifthoenemyhasno&rtilleryormachineguna. 

Therareusuallymadeofacombinationofwoodorcorrngatediron 
andahmglo(l' !&l<"<!G1 and62). 

The dwarf rubble wall or bank of c&rth supporUl two couugated iron 
~kins 6inche!! apart, packed withhardahingle: loopho]ea..,.., provided 
as sbown. The roof is compo'<ed of corrugated iron or a tent, the 
whole structure beingsupport,..Jonawoodenfrarne. Tl,eentranceis 
partially undergrounda.nd protected bya traverae(Plate 61, .Fig.2). 

A circular fire trenchahould bepro,·ided!ortheacntry,anda"ire 
cntanglementconst,uctedroundtheeompleted blockhouse; pfflvilaion 
must be made for the storage of wa,ter(Plate 61, Fig. 3). 

A log blockhouse, suitable in & wooded country, is shown on Plat,,62. 

6. Stockades are improvised defenai,•e walls; theird<"fljgnand thick
ne&! will depend upon the n&ture oft.he weapons oft.he enemy. 

Their !oophole;smust bea,rranged soaa to bring flanking fire on to 
c:,:,.cbface, andatauchahcightth&t theenemycannotusethcmfrom 
out.side,i.t., 6fe,:,t6inchealfflmgffl\indlo,·el(Plate 63, Fig. l ). 

6. Sangar • ha,ve the same limited uae OU! other walla and stock&dea 
(Plato 63, l<'i g. 2). 



43. Sllel/.lwl,iatulcralerd,jencu. 

I. lnhe,wilyshelledgroundtheahell•holescanbequicklyconverled 
intoahaatydefcn11ivepositio11. Thesepooitioru,shouldbeorganizedin 
dept h toaffor<l material aupportby!lankingfire. 

JtisalmootirnpossibletoconcealorganizedahelJ.l,ole!!frornlow flying 

;~:~~':!i'"t;':~ ~:;~ ::~~::~~edc!';,;\~tz:'\1~:tf:~:~j~~l i~ 

Kofreshearthistobethrownup. 
The )ipofa.ohell .Jioleianottobedisturbcd. 
ExoavaWearthis tobedumped ioneighbouringshelJ.11olC!ilnot 

requiredlorco,er. 

Routffltooocupiedahell.l,ole,ia,re tobeconot&ntly clu,IJ\ged. 
Connecting trenches must be n&rrow and ca.It:1oufl&ged. 
D,mllageofohe!l-holes,though•difficllltproblen,,isofvitalimport• 

anc;,. Sma!! sbell-holes mayl>econnectedbydrainstodeeperholes 
oritrnayonlybepoesibletodigasumpiuthebottomofe,whhole 
covering it withatrenchboa.rd (Platc61o,Figs. I and 2). 

In sodden ground fl'e$h shell-holee are drier and .,,..;e, to work in 
thano!d on,..,butindricrsoilathesidcsofoldobell•holes are more 
eettledandare fr..efrom g,,,i. 

Where theshell•holes are notwai:el'logged large deep oneacan be 
&elected and rapidly organize.lfordelence. Fi,ep,:w,itio~•hould t.,o 
madefirst, citherbycuttingawaythefrontface or,ifthesoilismuch 
disintegrated, by digging sliui outwards. Li.hour ia se.ved i! the 
cutting line be taken about hall•wa.y down the slope of the •hell •hole ; 
adeep,,rcut canbemadeinasl,orwrtiructhan iltbelorwa,rdedgeof 
theshc!l-holebetakcn M thecuttingline. Ifthcfirest.epistostand 
unrevetted itmll3tbedug inthe moroaolidea.rth beyondthemdiusof 
rupture;butre,·ettingian"""'8Sary inany ground whichhMbeen 
s11hjeetedto heavyahelling. Ina!l workitiamoot imporl:anttoa-·oid 
mideroutting,unles•theaoilia properlyaupported. 

Later, when further work is possible, tho position can be made 
stronger either bydii,gingoutaT.hcadiufroutorbywideningthe 
first firing poeition into a 8D111ll crescent·ahaped trench (Pla.W 6~. 
1'1ga.3and4). 

Where t he•hel!-holcs areeontiguouotheytbouldbe selected in 
pairstoaecommod~16aacctiou,andthcrearfacesofthe["'-irjoinedup. 
thus m&kiug the ground between them into a tra.,·e,-,,e (Plate 65, 
Fig. l ), Plate 65, Fig. 2, ahowa a ahell• hole position. .Detailll of a 
Lewis gun emplacement are shown on P late 66. 

Owini;: to diffioulti"" of oo,nmand and communication, the organiu, 
tionolshell•holedcfenc,.,canonlybeconaidcredatcmporaryoxpedient, 
during thocomtructionol a trench •y•tem in ground which h"" i:>ee!l 
"" little dQmng<"1\ byohell fi,e"" can be l01m<l on a, ""itable alignmmt. 



2. Defonce ol ':rateu~ When two opposing loreea settle doM1 into 
the period of p0111tion w..,-fare itis po,,;iihle that one or ot.berof them 

:~~~
00:t:t=. ~::: o/\~;a~:=r~~.~~.~;:~~ri:t i~ =:1;; 

obtainedfromp<)lltso11thehpofthocrate,. 
Theoccupationolth£flepootsshouldbcplannedincon•ultationwith 

theofficerinchargeoftheminingofth esector. 
Two ochem"" are ahown on Plate. 67 and 68, which ahow the nature 

of the work required. E..,,,h J)Olit mu•t be cardnl!y protected with 
wire( l 'l&te68); shel_teramustbe provided for the men ol the )?O'!t 

givi11gprotoct1on&g&mstriftegronad"'""d!ightbomhs. 
'fbe inside of I.be crater rnllllt be watched a~ well ,u tho out.!ide Qf the 

lip; this is done by observation tunnel• (Plate 67). 'l.'be po,;,UI 
onthecr~ter1nustbeconnecl<.>dwiththetrenchs~-stem bycomrn,u,ica. 
tiontrench""· 

Thecoru,U'uctionofacraterpositionahsorbl! a la,·geamountoflabour. 
eapecinlly inc&rryingpa.rtiee, owing to the heavy 111aterial required to 
enaumthattherevo1rnentswith.atandthe•tt·ainobroughtahoutbythe 
settling of the deb~. H is llllually imix-ib!e to obt.ain good holding 
ground for &nchorage,i and !ram.., consisting of tw" uprighta and a 
ground eill, or specii>l deep re..,tting frames (PIRte 89) must be used: 
pitpropl,6inchesindiameter,arethemoet,euitablematerial. 

44 . DefeMt.a,,,.insllan.l:alt,u;.I:. 

},'ielddelmet'3 int.hemselY""'Prctientnodifficult-i<'fttotanksandthe 
hhour required to make artificial obstac!ea ~uoh M pit.sand ditchc• is 
P"ohlbitive . 

. Field works oonstructOO for defence against attack by tanks will 
be.tberefore,confinedtothelayingoftankminesdealt"·ilhin Chapter 
XVTll and thoimpro,·ementoi natural obl!t,wles, snch"" snnken roads. 
b&.nkl! and 6treams &n,l marshes which ie dealt uith in Chapter VI, and 
the construction of !!hell-proof gun position• d""6ribeJ in Military 

F.,l,~f:~~:;!0!i:.!~~clee will be of value against tank and infant ry 

altacka(ne See.21,l"'ra.6). 

45. Defenuag,>in~lgaa. 

De!ence against gas will be confined to_ renderii1s gas-proof. 
shelters,dug-outa&nd0<>llarsbymeansofspoo1&!!yd""1g11edcmtaill/l 
andairfilien,. 

The entrance8 to &II dug-01111!, oheltersand mine_ehalt•_ within _the 
alert and ready wnea should, ii J)Olli!ibl~, be pro>'tded wit~ gM•t,gbt 

t~Y:1·~1r;.;·;r~;;~trEC~~?w;n~iE.:;r?:i~;l~:::~~ 
ioobtaiue<l,anditiapos.sible '.ocnter orlrose the dug-out wtthouo 
introducing,.pprooiable quantitieoof g,.._ 



Aframeo/4-iuchbyl•inch timber, <l-01'Credw;thanti.,i"""'"teria!, 
is fixed flush with the wall, sloping outwards at &n angle ol 20° 
from the wrtic&l. Anti•gas matedal ik cut to tho required size, so that 
when fastened to the top ofthelramoitwill elosethecntrancecom• 
pletelywithabout9inchesreotingontheground. Threepa,i111ollatha 
a n: nailed horizontally to the curtain to keopitstret<:hcd. The lath 
on the unde111ide must be I loot shorter than the one on the front, 
so as to clear the frame (Plate 71, .Fig. I). The lowest of the laths 
should be ~ iuchee from U,e floo,·. Two aurl.ains should be pro,·ided, 
as ahowninthediagrama. The frame for the inner curtain should 
slope inwards, a,, ahown on P!ate 70. All wirea and pipes mn1.1t pase 
t lrn:mgh the frame, which may be widened on one side to allow of this, 
andtheholethroughwhlchtheypa,"11n1uatOOms.dego.e-tig:ht. They 
mUl.lt not it1te,·lere in any way with the adjustment of the cu,·tain 
(Plate 71, Fig. 2). Thecurt&insshould be not less than 3feetapa,rt,, 
so as to allow a man to stand between t he m and adjust one before 
ra.isingtheot.her. Thedistancomustbeincreasedfordre88ingstations 
toallowstretchercaa<:eto beca,riedin. 

Fr,.n, e,, for g.... curtainsahould he built into the entrancea of pill• 
OOxea and other shdters while the entrancea are in Mnrse of con
struction. Ma.chine gun loopholes in pill-ho:tt<l "hould be lined with 
wood on the inside edges, •o that they may be clooed with framea 
coveredwith,.11ti-gasmate,-ial. Openingsinthe•ideaorroofaolahelters 
and ceUars must be provided with curtains or clOl!OO. with 11&ndhags, 
110thatnog3.llcanenter. Caremuatbetakentopro1'idemcansfor 
cloeing1'entilatingshaftsandflnffi. 

Whennotinuaecurtainsmustbekeptrolled 

46. Co,,., /or a"li·aircraft gun• and wwcJdi,Jhls. 
Expericnoo has shown that anti•aireraft dcfonc,,-s are liable 1o 

repeated "ttacks by aircraft and t-hey must, therefore, be provided 
with suitable protection 

For the personnel she]t,,rs or dug-out,,,as d'-""'ribed in Chapter XV, 
willbeoonstucted. TbelorrieawillOObeatprowct.edbybeingruninto 
acuttinginthohankofasunkenrood. 

Plate 72 shows a type of empliwe,nent for a 00 c.m. or 120 c.m. 
anti -airc,·aft searchlight,, snitab!e for skew gear pipe contrnl with 
tdescope. 

l. In thefollowingpa,ragmp!,a a..redcecril>od only those mcasui-..s 
forprowctionw hichapplyexclusivelytotheartillery,andaregenerally 
delcnoeasuitablefor position warfare,which mustl>emodifiedto auit 
varyingconditioru, 

The construction of any artillery position ~ho\!ld h.. carried out in 
thofollowingorderofimportance:

i. Conoeahnent. 
u , Co..,,rforheadquart,,rsand telephone. 

iii, Coverforpersonnelatidammunition 



.,}fic~~o•s: .. ~:r.1-0w::~;,_)"'J;;,y t~:d~!:~;;:usotf 1:o~:~10'~'~:~,oeft:o~ 
will be loea.ted if work Ill started before t he c&mouf!,.ge is compktc 
a.nd time, h1.bour a.nd ma.terial •pent on c .. moufla.ge anl:N,equcntly wili 
be wasl<Jd. The methods to be employed .. re given in Cha.pier TX 
The cover should be progrmaive, deJ"'nding on the time, b.bour aud 
ma.terial a.-·ailablc, from wca.thcr-proof, ~l)lin ter•proof, io shell -proof. 

3. The comm&nd poot and dug-out for t he wire]e.,, operator ru~t 
a\ way• take preooden,,,, of co,·e,· for the gun versonnel and ammunition. 

A command poM, incl,ul;ng /he lekplione, can be accommDdat,ed in a 
s pace 9 feet by 9 feet by 6feet l,igh (Plate 73), but &aeparatc d,a,nbcr 
forthctelophon64agrea1 advantage, 

in !,~;::in~n!11':71~~~n o~"it'.eg;;us~,~~~/~t;;;v~d!;~~? :~ :ti::~ 
on the shel tered aide and" pul1>it from which io megaphone to the 
gu n~. 

When the hatt<>ry is spilt up in to ae<:liona, each section connuander 
willre<J_uireasimila,rpo,,t. 

T!ie wire!'-""' cha,mber, whe)l provided, shoulq be sited clear of the 
ba.ttery pooilion, with •~;,a.,.,.te inter-communication to it,. 

4._Shel\ere lor per,.onnel .- The following instructions '"IJply 
a1i,x,111lly 1-0sheltcrsfora,rtillery l"'"'onuel. 

Ju:~~~e,~-ii::,e: n:~r"~~~;'.i,::f.to be acoommod,.ted e11 Moc in any 

Dug-outa for oooki!, men oil dnty and apare telephone• may be made 
wellcleatofthe battery. 

Dng -outs noar the g,m must not lead Jirect into a clOllcd gim pit, 
owing to the risk of gas poisoning from the carbon monoxide producOO. 

Jtt~•: s,:~~~~ts near gun pits must be protec\,:,d u d'-"'cribed in Chap· 
tcrXV. . 

t,. Shelt.er• !or aznmunition.- Tbero are no fixed si""' for am
munition •heltu•, rr.n<I any available a helter ean be need, provided that 
notmorethan501a,rgea.nd JOO smrr.llahellaa.reaiored together in one 
ij l,c\ter, and tha,t large quan tities a,re d ivided up by !rave~ not k'>!!r 
tha,n ,J feet thick. The important point IS tha.t the cartndgcs. other 
than those of fixed ammun.ition, 8hould be •eparate from the •hell. 

ca.~Cll:1:' ~!,;'";.,~~:~:~~h~&}~~ ':::/:: ~::,1!":t!::g1.:r~:: 
picket,,, In the gun pit, not more than th ree shelve• sho~l_d be pl&rod 
in e,v:h recesii, and not moro t.hau t-wo layers of ammun1t,on on f,~ch 
•hell. 'l.'he shell• mw,t be k.ept from conta<Jt with the ground . The 
re<""'9•c• must, therefore, b~ floored with plankil, tronoh boanls , hrnah
wood. &c., and lined with "anvM or boardiug, 

A type of she!Wrfor dry ground is shown on Plate 74. H ahould not 



be conabuctcd in th~ oomnmnication trench betwoon guns. On wel 
ground a •hdter can be bnilt of the type ahown on l'laW 75. 

Ammunition for fidd J!W>S can be also atol'\d ,n a trcncl, ,... 
de,ierihed below for ammunition for medium and heavy a rtillery. 
Ammunition is not to Le atore<l on the berm of a t,ench; this will 
,nake theaid,., collapse. 
~ for 00-pr., 6-inch, 8-inch and 9·2-inch howil,zcr cartridges 

ma.ybemada:-

i. Inba.nh. 
ii. Tn trcnch"" 81111Ciallydugforthern. 

They must nol be stored in the emplacementll. _ Rece!<•"" in l>anks 
ahould be mado nt 6 fe,,t inten·al and only oufficiently docp to allow 
one row of 8-ind, cartridge cylinder!! lying on their aid"", or one row 
of 6-inoh met,.1-lined case,,- the height depends on the number of 
c&rh-idg"" to be aton,d whieh may be all follows;-

8,ineh, 30to40perre"""'8. 
6-inch,OOper""°""". 

Cartridgt<1 ohould be kept about 12 ipch"" a.hove the grx,und. If 
wood is used for tbis J!ll'I"""'• it should be cove red wit,h tin or Cil<• 
rugaoodi,-,,naaaprroautionagainatfire. Cutridgcsmust. he screened 
from thosun'3 ray;,. 

If no bank i• near th~ hau,,,-y, the cart.ridge reces,.;,i "'""' be matle 
ln a s imila.r ,, ,..,,ner a.Joni,: t.he aide, of ,. t>-enoh. T he tr<,neh must be 
d eep enough to allow " man to walk upright in it. . F.Htranees must 
be provided a t ea.eh end to cnsuro a i hrough draught and t hey must 
be ~topped. 

'l'he tr;,nch and rccc,<ses mu,t be o,werod with a weather-proof roof, 
nnd the trench mnat be drained. 

Wbeu cartridges aro l<cpt in metal-lined ea~ea these should be laid 
on their aides t-0 prev~nt entry of damp nnd rain when the luting is 

':~;~!~!'.';,~~:!~~;,:~,: f:::a:: ~t!:~'::ci~:17~e ~::t~f 
protection for ammunition, if required, will be prorided 011 tl,e ""me 
lines H that for pe=nnel dl'l!Cribed in Chpter XV. 

6. Gun emplacement~ may be dMaed 4.$ : -

i. O.unoull.&.ge,l ~mp\aremenh without any proWction. 
ii. Camouftagcd ompla.ocmenta with splinter-proof proiect ion . 

iii. Ca,nouflaf("'1 em1,bcementa with •heH,proof prot-edion. 
The last case requires opecia.l materia.l nnd ski\letl lahour, nnd is 

,lealt with in Milit":') ~n_gineeri_ng. Vol. . ll. 
'l'be ext,,n\ tu which ,t ' " posa,Me to smk a gun h~low gmw1d level 

depend• on the nat,me of the ground and the minimum range at whi eh 
the gun lias_ lo fire. AUemplacementff must be m&U~ so that t!te gun 
c<UI be run m and out without difficulty . Draina.ge mu.st be provided 
for (&io.36). 



Diagrams showing the mini n1urn vertical and horizontal diITTe1wions 
of emplacements of various types of gouw, &e., are shown on Plate 77, 
These may be modilicd accwding to the traverse required. 

Embrasures and entr,mces of emplacements can be protootOO by the!" 
methotl!!shownon_Plste 78. T heproteetioncanbea<ljustedacoording 

~:;~~~~t:~}~;e:f:1r:1lfr~iE;I::~~;!ir:{:t~1
::;, t~~~ 

Theemhrasuresandentranresofco,·eredgunpitsandspll>lter-proof 
screen,, must b.., covered wit h light removal,\e screen., to hide the 
shadows ,diich are invariaHy cast (Chapter IX). 

Sp!intcr-proofo,·erheadprotectioncanbegfrcntothelightcrnatu,.,. 
of gum and howitwfl! provided the span of their emplacements doo,i 
notexceedthatof thelargeate-elshelter. 

For the la rger guru, and howitzel'll the span of the emplacement i• 
so"largethatvcr yheavystooljoistsarerequiredto carrytheweight 
oftheroof,andtheeffe<ltofadfrect bitonasplinter.proofroofofthi a 
nature wonld do moro dam:,.ge to gun and persomwl than if the empJa.oo. 
mentwereopen 

Splint-er,proof.prot-ection atthe _sideea.ndroarofallemplacemen111 
ahoulcl beprovidedwhenever J>os8>1,]e. 

7. ReverberalJon.---Gun pitll construct.edof elephant ahelt-era,or 
any gun pit, the roof an_d walls of which Me cu rved, are much more 

no;i;·et:~:,r~~i~•~~:,'gp;~: centre !ine of the_cum1,ture, is the c-en_tre 
towhichthosoundreturnaaftcrstnki11gthe •1des. Thereverbornhon 
whichissetupiadilltreasingtothcgundekwhment"andesperiallyto 
the gun layers. 

Reverberation can hereducedbymakingtheforwardportionoftho pitcurved:,.ndtherearrectnngular. 
S. Platforma.-A platform for nny nature of gun or howitzer 

con.sist11 oftwopar-t6-asupport.forthetra,laudabedforthewheels. 
The former is the more important aml work should always be done on 
thisfirst . .Both&roessentialifprolongedfiring1s_toboc:,.rriedout 

!~:~~ ;·;>;. ~~'.::ior~\;~::St~:•ii!;~o~·1:t;,:~~~ t~h~~w~fni'::ai~a"'i'.T~ 

'l'r ail~aupport.- This should conoillt of two parte:-
i. A fixed support. which may be of oon~rete or _pit proJ>S firmly 

fix~d with picket,1. It should be circular m sltape so that 
the thrust is alwayil at right angles to ths>t<lngentto tho 

ii, A c~~~/:£i\~0~ 1i:~:::;!fofnf:-:i::• a:~d•~•~d~:r~eq!:1: 
ronewalsooftcn (l'late 7ll). 



Wheel-bed.-This may be made of any of the following mnt<Jria ls :

(a) Naturalear1.h. 
{I>) Rubbfoorbrickwellrammed 
(e) Wi cker. 
(d)\Vood 
(t) Concn,le. 

{a) Natural earth , under tl•a best condition• , wil l only afa!\d » 
limited number ol round,, dependent on the nature and weight of the 
guu, 

(b) Rubble or brick, well rammed , lorn>! an excellent wheel•bed 
(Plate,, 80 and 81). H should be at least I foot deep, and may Ix, 
e:i:tende<l acrosa the pit,, or may l.>e packed in wooden b9xes to form 
a bed for each wh,,.,J , if there ia a difficulty in obtaining material. 

(c)Wicker orfascin""' aro uselulas&temporarymcaauroinvery 
wet ground, bui they are not durable and are uMte!r.dy. "Mats, gu n, 
whoo[" a!lSll't'r the game purpose. 

(d) Wood whcd-bcds fa~ilitde the mari •haudling of the gun, are 
portable and can be quickly put t-Oget~cr. 

1'hey should be made of 9 -mch by 3-rnch planks, dogged together 
notnailcd(Plate82) 

\Vh(.,e! guide• may he added to koop the gm, in its line of lire an,\ 
prennt"frogging"{Plate82). 

(a) Concret e form•" goo<i wheel-bed if time is IIYaihblc to a llow it 
to set; it ia ... , elo.ss unlo•• well rnixod. The eomm,t" may be 
extendOO aero•• the pit or a separate l>ed for each whoel may be m~d_e. 

9. D otaila ol platform• !or the var:lou■ n atures . (a) Light 
art illery.- Tbe cushion for the trail support may l>e fixed with wire 
in the angle l>etwccn tho spade a,id t rail.eye. 

With the 18-pr, Mk. II equipment, if the length oftimeil, isexpecrnd 
to oocupy tho position justifies it, l,ett,,r re•uho will Le olnained ;f 
two or th~ tra.il •11pp<Jr!a at. varying height.. are prepared for use at 
different angles of elevation (!'late 80). 

(b) Medi1>m artillery. 6o-pr.-Pit-prop, make a auitable trail 
support. Aa a temporary me,..ure, faacineo laid und~r the tra.l in 
fro':'t ol and behind t he spado a.re of great a.soi81-1tnoo in pre\'~nting the 
t.ra.,l lro,n burying itself. 

The Mk, T c:r.rri,.ge is steadier on a brick rubble wheel-bed, but wood 
orbricki,equa lly • uitablewit!tthe!,lk.Ilcarri ag,, . 

II whole briclc• ,ue ohfainablc, they may 00 lll!l.eed on edge on a 
fayerof expanded meta l withbrickrubbleon top. His advisable to 
enclOl!e the whole in a w,><.Jdc,1 bo" held in pla,co by pi~keta. 

r ... ~:':1a!':,t::Si~·;-!i"e"~ ':!~~i~~ .. 1a:e it~~Jrt!\f:tt1~ b~~t1: 



ifthe•upporti•.toofirm. Thorubblerequirco constanUyrepknishing 
In soft ground 11 m"y be necessary to plaoo" bau lk in the w,ade t~ 
preventtheirailburyingitself. ' 

ti,!~~~~ ~::.~n~ ~t,:~~•~).cted of one layer of 9-inch by 3-lllcb 

(c) Heavy artillery. 8-in, how:ill!":.-Mark VI aud upwards 
C!lfTy their own platform, but for the earhcr Mark& of carriage a doubl~ 
decked platform of wood is necessary (Plate M ). 

9·2-iDc~ howitzer .-This howit~r carriea it,, own platform in the 
~o~:d ':, f~~~j :aat':~~tut in many case• this must be supplemented 1,y 

CHAPTER VIII. 

A DEFENSIVE SYSTEM. 

1.Iuordertocondnctasucces.fulrlefenceola.nylooa.lityor11re,., 
thcdefcndc~mustfightmfrontof, ,.ndnoton.thoiiefealurell!ofground 
whicharevitaltothedefence. Any ground which ,.!Iectathesecurity 
of the po,,ition must bedcrned to the en~my. ' 

2. A mod.,,n defousi"e eyst..m on a front of any importance c,:,neists 
cf:-

i. A battle position. 
ii . Anoutpostzone. 

3. The g_ener.J_ lino followed by a def~usive position d~pem!s upon 
hmadcon.s1dcrat1onssuchasthedefonooofaltontier; a ,·itallineof 
communi<0.1.tiona; a e.,a I,asc; a railway c..ntro; an area of oountry 
oontaining national reaoureeo such 11.8 mines, f~torica, &c. 1 'h<.>s,e 
formtheobjectivetobeco\'ercd. 

4. 1'he principln• affecting the oclootion of a position are ~i,·en in 
F.S.P.., \'ol. II , Sec. 129. Th<t following oona,~eration~ aftect the 
moredebiledsitingofthcpo.iition:-

i, Co-op,raliim.-The groundoolooted mw,t affordfacililie,;for 
a.\larm.stoco-operatci11 iude!enoe. Thef,ameworkofthe 
defonoeoonaist~ofma.chinegun po,itiona,it<.-dindependently 
of the :.T('n~he& Due weight mnat be given to faciliti..-s 
for artiller_y support, both"" regardsoh9enation of fire 
andpollitionafortheg:un,. 

ii, ~too/ion.- Observation 0'-'er the immediate fo,-eground 
a.ndthedistantapproachesi•n""""""ry. 

iii. Conu.almtnt.--Concea!ment of defences h,;nn ohaer,·at ion is 
vital, butagai11atrooounaiasancelromthet1ir,madecither 
direct or by photography, is extremely difficult, Ttis 



therefon, of thogroa,ie11timport.ance to deviseaurprisedis• 
positions suoh Ill! well oonoealed m&ehine gum, &nd to make 
u""ofall !ormsofooveroucha,,hedges,rcvcrscslopc,,.&c, 

;,-, !kplh.- 'l'heclepthofthe<lden""8must beouchaa to pre,·en~ 
the ,:-ncmy'• !ield art,jlJery deetroying by bomhaY<lmcnt the 
cltieueea of the hdtlc position and to prevent the enemy 
&d<'qua\e\y supportingatt.acbon the ,-,.11.rof the hli.ttle 
positionwithoutmovin~forwardhisart i! lcry, 

v. Co"'""'"iwlion.s.-Good c,ommunication.i of a ll 001is covered 
fron,l,oatil~ ,·iewwhcrej)O'lsible ,aree.,scnti,'1tothcdcfonco. 
T,,ench tr<>eks '""l ,·oad• are neoefj.<l&ry for the movements 
of """""'"" · from rear l-0 front and fatcmlly, while roads, 
tramlines, ~ncl railways f&eilitate supply of ammunition and 
,nat..rialsu""""5aryforthecon•trnctiouof,lef~ncell, ThM>e 
fncilitiesshonld,wherepo,,aiblc,bedeniedtotheenemy, 

'l"i, T.o»lili;s,- The position null<t be orga.ni,,,.J ;,. defended 
localiti,:,g1>«,t.ectingtheimportantt&eticalfeaturea, Inter, 
m-,diate delenoos are only n'lqUired forint.er-cmmnnnication 
\>UT}•-·H>rforni;htdiapositioru<, and todee,,ive the enemy's 
artillery"" to the eJC&<.lt post& held by tl1c infautry of the 
(1.-forwe, 

~ii. Ol,stacl,,,,,- The p<,,. ition must cn&ble ohst.ac!t,s to be •it..-d 
"° that the enemy are ch~-cked by them under the firo ot 
tho ,!efen,,e, Anti.tankohst.aclea afflol especial importa.net>, 

S. Reoonnai~sanca,-&connaia,,ance a.nd "i ting of a dcfunsive 

~t!~~\~:;;i:~J~.\.:·:'.::Oi~:u;~;,~,·;0~t ~~; t';~f,~~~aff, the a,tille1}', 

The co-ordin~!ion or the rec,onnaia,,mee i• the respou1Jibilily of the 
general staff, 

lt is ueOOl!sacy to study a map of the a,ea in '!ue.,tion l,cloro going 
on to the ground : & layered map 1/100,000, or ½ mrh to I mile i~ aui t
abl~.. ,\ p1"n or ,.,.-cral >&lterMtive propoAAls should he l'"'l"'rcd aft-0r 
'-'Oruuderatiouol the importllnt tactical feature,, observation,linesof 
approoch, an<I growl<\ tha.t mwit be denied to the ~n.-n,y, 1'ltc ap 
proximate battle l""'ili<m prop<ai!e<I ~houl<l be marked on the map, 

Jt will,.,,,,-~ urnch time if flag,, can be e,·ooted belorehaw:l in 
mincnt plac..,.. along t]><, propol!etl. battlo p06ition, in nnler to 
the reconnoitring officers in pi<,king "I' the genera-I direction 
J""'itionlromtim"totime, 

Con!Uderation shoul<l \-, giYeu at thia atoge to the .Jivi,ion of the 
posi tio!1 into ac,,\<>.-. in aooor~ance with the proposed ol!otrucnt of 
fonna.tiona (oorps, divisions and b!'igatle~i fo,, ito defence. 

der;:i;,;01'.:,~{X!."':~~"t::"~!i:~~:e,.,t;7t~ ~i~~~ ~~~kt~ ~i,;~•:~~,~~~ 
ltiaimportanttoe11,m-ctbstthc$ilingof t.hodelcm,,,.1seo-ordinate<l 
at thejnnetioru, of formations. 
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\l'ooden picket.i or amaU ftags ahould bo used to mark the machme 
gun positions, the wirnohatndes, and 1.ho trenchesoftheimport.;i,11t 
local ities, as a.11 these items of the delence·mustbecarelullyoo-ordinnted. 

49. Org,,nizatfon o/the batt/ep,Mition. 

I. The battle position is organized in a series of defended Jocalit i~~ 
which formthefightingareasofthe troops allotted to their defenne. 
Positionaforloca! !'l!llervesareorg&nized in the rearofU,eaeddended 
looalitie11, and for>ie<ltor ~eaer:·ea furtherm rear again. In thffl way 
t.hebaU\<,pc<!itloniiiorgan1ie<lmaufficicntdcpthto prevent penetration 
bytheenemyino,ierush. The defended localities wi!l be selected to 
protoot the main tactic&\ featurea in the position. The intervals 
between thei!e localities will vary with the naturo and im[x.>rtanre 
of the ground. 

2. Aft.erthem"'lhincgunpoaitionahaveboondecided up:mand ade
quate obaer~ation ensured for the artillery, the infantry defences uill 
besited, Thcsewillusuallyoonsistof&frontand auprortt,..,nch some 
150 to 200 yards &part linked np 1,y oommuoication troochcB which 
form t.hefightingpoaitionsof thounitallotted to the loca]ityora!'f>a 
oonoomed, Iorearofthianctworkoftneoches therowitlbe&res<>t·Ye 
trench some 500 to 1,000 yard3 behind the BU!)\lOrt trench. This 
resen·e trenoh will be organi,.ed to fonn a furthcr,,.,riet1 of defended 
]ocalitie.sforoccupatioubytheloc11l1·eaervesintheevento{apenetra• 
tionofthebattleposition. 

S!tould time permit & further •et o! trenches and dug-out• will be 
ooustructed for the &coommodation of infantry secto,· reaen·""• and 
the,,,:, will he organiwdinto defended localitie,, to deepen still further 
thebattlepoaition,aud looalizeanybreakthrou,:h. 

The three principal line.11 of trenchee-front, support &nd rooerve 
trenches--willbelinke<lupLycommunicationtreneheaandthedefended 
localit ies will be wnnwted by lateral commm1ication trenches. The 
latter a.re nece,isarytofacilitatooommunic11tion, andtoeonoea.ltho 
grouro11of trenchoaformingtheddcodedlocalit;es. Inahort,theprincir.al 
defencesoftheb3.ttlcpositionwiJlbeorgs.ni?.edinthrneHnesinwhich, 
however,thetrenchese.ronot. necessarilyconlim10us 

3. 'l'he most efficient defence is obtnincd by th~ organi•.~tion of tl,e 
trenchsysteminto&11eri'-"'ofdefond,x1 looalitie,,ofsuffieiently\arge 
"'""'"'for a. definit-6 unit to be ,.!Jotted to the defence of each. The 
int,:,rnal organi,ation of these looaliti'-"' ahould be in the form of a. 
~eriesofdclence postamut,...Uysupportingeacbotherfortheforward 
sectio!lll or pl&loons of infantr~·, together with provi"ion of cover ~nd 
fire positions for the piatoo!lll or oomparne,i told off for immed1&te 
oount6r-attllckorinreserve. 

'l.'he dcfenoepostsm&yhesiWat\rel\()hjunetioMorwhcre,·erthe 
neceS!l8,ryfield offlreean heobtained(Pl&tea86, 'i!fl, 88), 



50. Org<iniwlionnndoitingoflh•,,,,IJI08l:wn•. 

The outpoet zone (Plat,, 85) will occu py ,.]l the ground in the 
ddender'a possession, which liM bctwe<'n the b,ottle [".)Sitiouand 

~n :':':i~•~ti:~i~;~erg:";e~ f:::;;t~~1i1:/!,a~1:.:':'£"!.,; ~;,.at\]~ 
movement. Itahouldlormabulferwne,org&nfaed,.ndbeldinauch 
.. way,... to a bwrb tbe ohockof tbeattaek, ~deprfreit of its ~omen tum, 
and to brook up the en~my'• orgamU>t1on ""far AA posa,ble, Th<> 
depthofthe~onemwtdependupontbenatura!leaturosofthegr.ound 
&nd the distance between the enemy and the main battle posttlon, 
butitsboul,lbeofsuffieient<lepthtoprewntbo,nkr<lmcntolthe 
bat-tk,])Oliition hytheenen>y'• fieJd31tillery. ftwi !!usuallyoonsistof 
t hroe linesoftrenches, afront- andaupporttrenchforobi.::rntionand 
fighting and the out [)08t line of resistanee. The on,:ani_zation and 
siting of t he ou t-])Olit w_ne will be carried o_ut on t !,e llll;me Imes fl.S that 
ofthen1ainhattlepos1t1on,subjcct\-Ooertammodd\c&11oru,aslollows:-

i. Thepooitiouofthelineofoboorvation will wually be decided 
Mthere•u!toffighting,except, inthec,.,,.,ofrearayst,,ma 
de!iberMdysitcd. 

ii. With a view to ther,,..umption of the offen,i,•e, it wiil oft,,o 
bed .. irabletomaintaintheoutpo6twnefurtherforward 
than would be nece""',y if a purely pllS&ive defence we"' 
contemplatt<I 

iii. A~t,beoutpostwn<>will onlyl;e lightly hel<l,itisnotnece,;sary 
thattbetronebsY"t,,n,sllhouldbe aohighlyorganized , nor 
uoodtheva.riowlinesbecontinuous. 

iv. The line selected as the ont))08t lino of ""'-"'t&nce should, 
however, be at rengt,hened as mu~h"" possible, being 
org,.nized into defen<led looalit;es, and the whole zone 
ahould be sufficiently complete to prevent thoS<> pactil 
which are occupied a nd dug to full depth from being 
conspicuous tacgetil, to f1LCilitate communicationa and 
oomrnand,and\-OconcMlfromthecncmywheretheoutpost 
zone ends and the hattle P™ition hegins, In this oon
nootion, particularattcntiontotbecmploymentofeamou
aageiai1""""""ry. 

The6rstlineoftheoutpootwnsmay bethe fin&linfanh~· pooition 
airer a hard 6gh t, and the men are proh&bly occ11py ing ahdl-holes. 
or hastily dni!'. riHe pits. Tliesc c&n he improved ao shown on Plat,,s 
64, 65. and 66 .. Further in rear, t rench..,eanhedugand niaMlnto 
efficient fire pooitions; ~omnnmicatioru, mu•t be rn!lde ""'early"" 
possible &nd organized for fire; eP.tan,:lements mu•t heerecte<I bot!, 
po.ralle\to andatright augl<:'1<\-0thefront, so t!tathydegrcea the 
whole wne is organit.e<l fora s\.ep hy step dcfonec. 111-.:in which ~n enemy 
a ttackwillhreak. 



61. Or9"nizali<mofadefo1ui,·e~y!Jlt:m, 

:fi4J{;:i:gti~:i;f1~1~::::i:~:§~~1~~:It~;;; 
position. 

i~~i;~~1(~~i~~;~~~.t~~f ii\t~~~i;~~ 
The ait in,o: of the_ tn,nd,es_ an<l w01h of rach_ position must follow 

~~jcr::;:\:1:1p:y~:l!,~~;•)~lj~;;~?c~:ll~~y, ~~t ~-~J lli:t::::~-~ :!t:~; 
phyaica.l features of the terrain impose many serious diffkultiell which 
are not c~perien<X'd in con~idering individual tronches. The final 
selection ntuat he a. compromiae loetwttn the most desirnble and the 
besta.ttainab]cas,...gardsthesy11tem,.,,awhole. 

If, after t he comprorn i"" has been effected, the pooition isatill ,. ,,. 
11at isfactory, the ddcMes Rt the pointofdangcrrnuatbe made in 
greater ill'pth, or arrangement,, ma.do so that it~ we~knc'8 is ooYen:-c\ 
~v11/rtilicry or mochine gun lire, from th~ tlanb or from the 

The constru~tJOn of headqua1tera for in!anhy, .~nd artillery forma
t ion~ ~nd units must be ro)!arded"" an e"""'ntia! pa,·t of Uie organ iM• 
tiono[adcfonsi,·csystem. 

Prio~i~y of worl<.-The prio_rity of wor~ on the coru,tru~tion ~I all 
t-he various parts of the deferu,1ve system ,,. a matter wh,ch w,11 he 
de,:,idedbythc commanderaoco«lingt-0thelahour,tin,eandmater,al 
likclytobea.>·ailable,butgenera,llywillbe :-

i. Constructing ObBervation poatfl, rnacltine gun and Lewla 
gunpositlonatogetthe greatcatfireeffeciintheahoi:-tcat 
JlOSSibletime,withtheexpoeureoftheleastpo,,siblenurnber 
of men. 

ii. Clearing and improving the lield ol fiu so th:it it may \le 

~:!"~'.!/?: ;!~ ~:e~~ytro:rr::;::~n~:: l:~~=t hi~e~: . 
iii. cr!!~:":i.stacle■ Bo thattheene!llvmaybehindered!nhis 

aa""ult, a.nd that the defender ,Jlay shoot him while in 
difficn!tios. 

;,,, Digging t rt1nchea or lire po•ition11. so that it may be 
difficnlt for tho enemy to see and •hoot at the defender 
while thedefenderi8 hidden andinacomfortablepo,,ition 
to shoot the enemy. 



v. Improving communciation• $0 tha t it ,nay he caay !or the 
defendert-0tra.nsferh;atrooJJ'lfrom-0ncpartofth~po•ition 
to another, wuler oo.-er, and difficult for the enemy to know 
theresl1<trongth at any point. 

vi . Con• tructing d.ug-out• for the prote-,t ion of the gar:iaou 
11ndcr the hea.v iest shellfire, l«l thnt the gre:.test uumMr 
of men may be "-Vli.ifohle for counter -" ttacl<. 

5 2 . 1/car &y.<1(1" 8. 

l. To co,·er awas M great, importance or whcm very hc,wy ho.t il e 
Mta.cka are expe<,ted. it i• ncceMary to 0011>1t ,·uct ct:fmcea in greater 
depth tha.n that "fiorded by OM dcfen,i,·e system rn oT<lcr t1,at the 
enemy 1nay be provcnt,:,,l from pcnot,rati ng &11. organi1.ect delenc"" in 
one n1ahor1t,sthemsultofone<Jffo111uve operat1on. 

Jn auch CBW! one or more ,.,.,, sy,tonu of defence will be constmcted 
at auch a dista.nee J.,hind t he. sy~te,n in front that the enemy will l,c 
foroed w n,o,·~ his artillery and organize a, frt'>lh ofiemin 

Such r,,ar ap;t.<"1'-"' will invari&hly be organized M dc,,,:,ril;cd aOO,-e 
withoutpo,.twne,mdba.ttl<-position. 

2. Switch tmncheal or switeh syst<•ms may be oomtro,,te,1 to conHect 
one defensive •YBtcrn with those in rcnr in OTder to loca,lize "1:i,..,._k 
through by the en~my. 

53. &/•= posl~ mul d,f,wwJ l«alilfr_.. 

1. Ddcnoe Ji<"<!." and de/ended loonli til:!! are 
sdf•oont&in"d ddcnce. wm·ks, whethrr they ""' 
protooting '401\\e isol&ted point, or "'hcthcr they are 
benoh"" or dcf~n,bl a,~as forming t he framework 
defen, ive~;'>i\elll. 

In order t-0 pr~vMt the enemy 1oc,.ting the uact ~l.knt of ,mch 
irnporl.a.nt defrne8",, it is neoell&"ry that the~· shonld be cxtm,ded or 
oonnooted to n,,ighbouring ddenCffl at tlie earliei!t po,,,ible opf")rtu,1ity, 
"" .tJmt tllciridcn tjt.y may he me'l,'NI in the g,,n~ral trench ~~-iskrn. If 
th,a '" notdoru, iool&tOO dcfenoe l""'t~ rm>gra,·e risks of being obliter&te<I 
by hostile artillery fir.- , or,.,.,, liable t-0 an m:>l~ led "tlack. 

2. Delenc• P°"'" oon~i•tof" grou p or trencheo orWll-hole, suilah!e 

:i;:~;,r•a~;;-o;;t~t.: ~~~nf,: ~:e :.:'\~, r~~1t;':~111~)d:;::~~01:. 

f~~::~~=~t~~:~:.~~~~~;:1~,~~i~1~1;:r::1 
defence should the nooc,sity arise. Stornge 110,oou:no:bt ion m us.the 
prov ided for water, ammunition of all oort~, rat.ion• anri tQOls. 

Dcfcnoe P""'·" ma y be ~itu.,.ted in a,ny portio.n o'. a ~elen,iYa s,yst,-m, 
camouflaged from hmt1Jc ob8crvat10n hy the 111tm,11c,.,. of t he IITnch 
•y~tem in which t h~y are loc&ted. or conoea led l,y natnral OOYCr such as 
WOO<b or hedgos. They lll&y often con•i•t of Bhort lengths of h-ench 



prcpa_red for firo at junctio':'-• of fire and comrnunic,.tion trcndie,c. 
Ma.dm.'-egundefoncepoatswillnormallybe o!earofthetrench systern 
::c~t'!l der,eud on natul'RI cover or artific ial eamou lla.ge for oonceal• 

def;n;e'i;a:~e~:~!t~::t~=tasof a"~::u~, i;ii:,:;:~~orfo: 
OOtbhou, They'll,llcompr,oogroupsofdefencepoatso,os it<ldasto 
oo,e,·all t he groundtoihefront,.ndflanbofthe!ooalitywith fire 
and t-0 cov~r all the ground be~woon it and neighbouring Jooalit-ie11 

;:~:.d:~r: i::u:;i'tu:, 1i;"~~i~;:i~~~;~;:~r:to: i:~:~~~i 
in ·~~::;;:a:o:~!0;1!::~/~:::~~;r'=;';::!~~'~:ta:!,:::;i!:'. 
water,&e.,maddi t ,onVJthe shelterswithinthedefcncepoats 

Obatadcs must be provided in t-he front and flanb and where 
neoe~sary in rear ,.100, the ncceli'<llry g&)l8 bein~ ldt for count~r-attack, 
bu t thct1ega,f>11mustbeconcea]e,lfr<>mdire-cthoatileobservat ion. 

M. Village.1. 

I. Eachvillngewillrequirespecialtroatmenta-0cording1<1 it,,situMion 
ande;,;tent. \VhethcraviHageshouldbe include<lwithinthepooition 
ornotmustbedecid<ldontheapot, accordin;::to thelieoftheground 
and the advant-ages which will accrue to the e<1emy, if he is allowed 
to ooeupy it. Villages attract artillery fire and the efioot of thi a is 
inorease<l by thedebrisofthebuildin~ , theyalwha.rbourgas. On 
theo\herhan<l,theyprovi<lea.coverandopportuniticsforapro
tra.etcd rmistance . lnfantry defences should l>e provided out.aid,· 
the perimeter of the village, and full use muat bema.Jeoftl,eoon• 
ooalment ,.£forded by hedgcs, orchar<ls , walls, &c., which generally 
a.bound on the outskirts t-0 enfiladeaudsurprise\.be attack, These 
defences sboul<l be oonnoot.cd by trenches to the oellara within the 
village. The roots or cella,:s should be ~•rongtbened, and the cellars 
should be connected by subway~, and provided with at le1t.11t two 
entrances. The debris wi!lprovideopportuuitiea for concealed Lowis 
gun \)()l!itions, andpositionaformiwhiuegullJl•hould be prepared to 
coverallapproaehestoandflank thedelen':"s(Platee89an<l 90). 

2. A keep should nlway$ l>e prepared within the village,"° as t-0 
M6ist inthereeaptureoftbedefoncesbycountcr.attt>ck. 

55. Wood,,. 

]. T he inclusion of woods within a defomi~e position depends on 
th,:,irs ituntionandextent. Wood.harbourgas,md,ifheavilyshellc<l 
withgaaehell,theyarolllltcnab]ebyattackerordefender. Woo,J• 
of amal l enent may be cou~erted i_nto o~stacle" to brc,.k up the Mta_ek, 
l,y entangling their ouWr eJgE>S with wire, Se<, . 16, p,ira, 5, and ••tmg 



tn,nch"" and machine gun ernpl"<'e".'enU! to flank thc.m. If tky are 

r~~~;~;-~&~/:~h:ii~~:21:::t:~~~::t~0~~~f~fir:: 
theygiveco,.,crforlarg,,U()ncentrat1onaofh,atroop;,. 

The system of deknoe should be deocigned for (1) the_ o,,cupatiou of 
the wood ; (ii) pr,eventing the cn~my from .fiit,,ring mto the wood 

wl~e_n ~:u:,:\~:,~)}~1!7:~~"t:'.,~n~\~o',~~m~!'.,b~:::g~~;,"~1
1 ;~cg;:~nt 

~: 1:0~c ;;~~; !~:v;;~;,~~:~ne\'{;i: ~~!~}:;':ifl1h!,.,~':01 t: !;d: 
in order to ol>t<>m "field nf fire, &nd tronche• and ,nachme g»n positions 
must l>e "it,,d to tlank these dcariu~ {Plate 91); aubscqucntly the 
trcncheo will be ,,orn..,cte,i "I' into a continuoua "Y"tern. 'l'he entry 
of the enemy into the wood mwit be pr-e,·ent-ed by entangling t he front 
edge &nd providing fin, to flank it. In exumsive woods, "idc ride• 
lhrou)!h the w,~xl •hould a.loo be cut and trend,e• and rnad,i11e guu• 
oiWdoutaidetocnfiladethem 

3. l'as&agea within the wood must be cleared t-0 asoist "omrnnnic&
tion and plenty of direetion hoards provided, ao that any part, of the 
d efences can be reinforeed and C<;Junt,,r-11ttacko cnn be hmnchOO without 
loaingdirecticn. 

i. Oloren'&Uon posts. Machine gun cmpla'-"'lmcnts. Brigade and 
b&ll.alioahea,h!."nrtens, 

ii. Accommo<lationforthegarri90n. 

57. Noti«boordicandroblu. 
I. To laci\it11tc inter-communication throughout the ~ti<>o, there 

must he plenty of notice boo,nly, The&e should he used to show;-
i. The uame, of t he va rious sooton and trenches. 
i i. The namooofthe dcfcnce pooll!anddcfended localitiea. 

iii. The a \lotmenl, of troops to the poaiti on. 
iv. Lantem sahould heprovidedforuse,.t night. 

2. Buried cabla.-To erc~uresignal communicat-ions throughout,. 
po,,ition, oabloo •hould he huticd in all sit uations o~posed to •hell fire. 
Whcoo.-ertimepcr!llitathe trench dug for the cahles should he at 
leMt6 foot deep. 



58. &/l'l!ce o/ camp., and small p<Mt& a,µ;,i>Yt a badly a,mffl ,~emy. 

:~l~t?~~~;:;;,oi~n~~':;/i"::W~:~~~fth~;~u:~;t;7~~,.e~ 

i •• .\.nouterlineofstrongeelf-oontainOO.piquets,placed30ut-0 
deny to the enemy all ground from which he could fire 
int-Ot.hocamp 

;]!: 1 ;'.!/:C:i:!1::'gc~;~n:C't~::dw:~: i~~mp itself. 

When thenumberofthedefenderaillinsufficienttoprorideanall
round defence. the perimeter must be defended by flanking fire from 
works constructed with that object, and eapocia! attention muatthen 
ho1Jaidtoprovidrngasformidable,u,obl!tacleaspogsiblo. 

Thepositionsl-0 betakenup_inordert-Orepelanightattackshould 
be mark':'1out~soona.sp-01mbleafterthe forcehaareach<'dcamp. 
11 there'" only t_mie_t-Odo this with a line of stone•, it will give the 
defenderaadefimtebllet-Ooe<:upyandholdonto. 

""'~~r ,:~.'.:7;:i=ti:i,t.,:f~~ig~~::~~!i~ ::::~:,,c~,:~;t tt 
sacrificed l-0 the a_rrangemenU! ne<:eSAAry for defence."" it ill very 

~:ri~t~~!e t~11t0~;';~ c:h~"!f a~~~~k, cloee t-0 the ground which they 

In selecting a camp site atkntion must be paid to the water oupply 
and its protection; butthefiratconsidcrationisagoodposition 
against possible night attacks. 

2.Whenope,·atinginopencountrynotolamountainousnature,or 
iu bnsh warfare, pique\.~ will often be withdrawn by night,. In aucb 
cases a "·ell -defined firing line combined with an efficient o~tacle mmt 
he i,rovided round the camp. I t may, under certain cireum.tanees. 
bead,·isab]etoapplythisprinMplewhenevertheforcehaltsinordert-0 
provide an asylum· for the non-combatallt/! and transport. Th.,,,, 
improvisOO.dcfcnceam11y_taketheformoflaagersor'.'3rebaa. Lltagera 
are enclosure'! formed with \.be veluclc• accompanying & force. $Up· 
plemented by brea,,tworks of pa-0k saddle6. 8\.ore6, .!:c .. &nd strengthened. 
with trenches and abatia. Zarebas are enclosures fenced in by abatis 
of thorn buahca. It being mOllt important to obtain a clear field of 
firc. thcbushncarestthesidoofthcc11mpmustfiratbert"movcdand 
&rranged round the perimeter. Sub..equent-ly, tmcka and holloWII 
b~· which the enemy might approach may be filled with thorn aorub 
ii timoallowa. 

3. Inloc11l operationa.hintaast.othebeatd8"ignofdcfcnaivework 
m&y generally be got from the enemy. who will have e'l'o)vcd the tJ'PC" 
best suited t-0 local material!!, as well u t-0 Tililist the form of attack 



and W<:'1J)Orl8 which he will employ against ua. S':'ch types, when 
improved by the light <>f our own knowledge, modified t<., .suit our 
weapons,andexecutcdwiththeaidofgoodt-Oolsandenginccnngsk11l, 
will,aoarule,h,;•1llt.s.bleforonrownllJ!C, 

Plate 93 gives ru1 example of a defen, ibl.; poat,, where the l,]°':k, 
houses 11.re arranged to enfilade the line• ofobotscles. &mth Africa 
produced corrugat<,.J iron and shingle blockhouse,,, surrou~ded by 
barl;ed win, (Plate 61) ; on the n<>rlh,w""t frontier ol Tndia, stone 
sango.n, aro the role; in tho Soudo.n, breastwork• of ,and ,u:ul thom 
..a,rehas. Where railway at.s.tionli have to l,e prot-ect<lll, hl< ,oklwu,ee, 
atock<><lea and splinter-proof.a made of rail.',, and loopholed build ing, 
will1iredominate. 

59. Field d,f,n= ,fa too~! /in~. 

I. 'fho fin,t object of 11n enemy landin!!' fo«-e ia to"""""' his foot
hold by exploiti11g hi• •ueooas hterally and inland sufficiently to obtain 
communication inland, and to interfere with the !lrrival of ,,.inforce 
ment,,fortheoo11nter-att.s.tk. 

'l'he enemy has the advantage of the choice of the a,+n,,1 point,, 
of att3Ck, and i• con,equenlly aLle to concentrate forces oupcrior in 
11uml>en, t.o the defondcn, at the •tart. 

The att""k will pruho,hly take the form of a landing, aupport.>d by 
na,•alguMandtheweaponsoftheinfantry. 

2. Tho WMh intende<l to ""eiat t he a ttack of a lan,ling foroo m,,y, 
the~efore, Le sited, cbidly with a '.'ie"'. to obtaining tho best fire died 
on the enemy while he'" approadnng ,n boats or in the a.et nf landing; 
conooahnent of wcrk., from direct view of the enemy artillery i• nl 
secondnryimportanoo. 

Genera.Hy SJ)e,~king, the syetem of defence should he one of mutually 
suppoiting defence poot• or !ocalitie$ by which troop, m"y blO e,,ono
mized and the risks attached to the provjaion of a numLcr of dot{lchod 
worka may he avoided. Any advanood t,renehea, which may he found 
oooesaary, mw.t he d•finit~ly ,,_ffiliated to a defended locality. 

3. 'l'he o,ganiwtion of obotacle• in the defendOO area ~hoold he ao 
ah,,a.dy described in t:ha.pter VI, with the exception that,, in the"""" 
of co""tdefence,., th .. n,is le"" objection to the obatacie rouud ~ d~fendcd 
loealityheingconspicuous. 



ll. The dew,lopment of II dcfensi,e system behind the defences on 
theeos,stl inefoUowsthepr inciplealaiddownforposjtionsinland. 

7. T he ooaat line may be rlas•ed under the fo\lowh,g heads :
i. Shingle bea<:hes. 

ii.Sand hills. 
iii . M:.,.rshyohoreswithaeaw1tlls. 
iv. Clav cliffs. 
v. Clilfaofchalkorrock. 
vi. Town fronts. 

a~-:~hingle b eachea.- T he chief difficulties presented by these 

(a) The ever-varying natnre of the beach under the a-0tion of 
t heaea. 

(b) Tho risk of casualties caused by the shingle under artillery 
or machine gunfire. 

A ahiftingbeachinvo]vell"constant,changeainthefieldoffire,and 
considerable damage to, if not compl~te oblit-0ration of dden""8 and 
obstacles. 

[tmust,therefore.berooognizedthatapoaitioninthisclaMof 
coastline calla for the high~atorderof vigilan~andiJ1duatryon the 
pa.rtof itagarriaon 

T he defoncea should be of the simplest nature; trenches should 
beaitedonthecreatofthoshinglebank; obstarksofa.port.ablenature 
should be ·made and held in reserve to supplement the pennanent 
obstacleatauchplaeeawhereitiamost,liablo todamageby t.he aetion 
of the sea. Sandbags filled wi th sand or earth should be atorcd 
a.tdefinile]llaces , torectify small changes in the heightofpua.pet<s 
sndtogiveprot-ectionagainsttlyingpiecesof s)1in.1<leduringa. 
bombardment. 

ii . Sand hills.- Positions nmong sand hills have dieadvant.a~• 
aimi lartothosedescribcdforahing!ebeMhes ; trenchesa.r,doLst,wl<la. 
and sand drifts under t he,wtioll of wind and sea are often totally 
eflaced. 

Sandhillsbytheirpeculiarirregufaritieanffordvaluablecovcrand 
oonceahnentfor thetrwpsin occupntion. 

Thedefon~a mu~t. therefore. be sited to dc,elopthefirecffecton 
thebeachnnd foreshoretothehighestdogrcepossibletopreventthe 
enemy from establishing him.self in a position from which it i~ ,·ery 
difficultt-0expelhim 

Shcllse,·enofthe hea,icstnaturesdo notpenetrate•sndt-0nny 
great e"tent; the liability to casualties from splint-Ors is, therefore, 
cons idernblygreaterthan inal!uvialground 

ii i. Marshy s hol'U w ith • ea walls.- The properties of t~a t,ype 
-0f ooasllineare,shallowwatn onthefore•ahore,J>00rroadamhtnd, 
good obata\Clea provided by the dra inage dykM. Defended localiliCII 



m&y be •ited, ln •uch c~.el! , at greater distances n1~~rt '!'he ~ea wall 
gi""• goo<i COVCl' t-0 th~ defender, but usu"llY provides~ ,~,npet for 
frontal fire only- 1\anking fire mu.t be developed. Special attention 
,nnst bel"'id tothedelence ofroa.djunctiona, bridgc• , &c. 

iv . Clay clifb .- 'l 'he con.•lant changes in theoe cl iffs dM t.u e=ion 
by the sca and w~alher render \.he occupation of the face d nngcrou, 
Rndsometirn,,..impoa, il,\e 

'!'he main system uf dcfcn<>e •hould comiat of a oon tinuoua entangle
ment oH tl,c top of \,he elifl wit h t he defended locnlit,ie, 01· peat• do•e · 
toit,. 

Site• for ha.sty t..-,rnhes or machi ne gun empla.ctmen\.s on the lower 
•lopes •ho11lcl be aclcdod ,md constantly checked a nd revised, and 
m-~terial for obst,,cl;,o •hould l>e stored in ihe immediate vicinity, 
to be put"' hand and completed on tllc neooasity arising 

Acee.• to these lower poaition• muat be arranged for beforehand. 
E l'ery opportunity to del'clop Cl'0$8 fire from the top of the cliffs on 
the water and l>c!l<'h helow must 00 •oi:i.cd. 

,•. Cllll•ofchalkorrocl<.-Howeverinacoo81!ib!c a cliff lll!IJappear, 
it "hould never he ""sumed to l>e go. 

Whore it is impossible to obtain effective fi re over the fo=hore , 
defended part• must be cstah]iahed at the hea<la of a.\ l cavinea de
bouching on to the ~)wre, and s,rrangemen¼ u>Afio to ensure \.hat the 
line ofoliffl!i•waJcllcdwll-0nthe nOOCA$ityarises. 



" 
CHAPTER IX. 

CAMOUFLAGE 

60, C"'1-Wkrotioosaffoctingwrnouffag~. 

I. Delinition .-------Camou~&ge is the art of concealing tl.tatsomethingia 
con_c,,~led._ Its keynote 1s ~eception. By it., object. are relldered 

m~~,;,~;::~:!1f/;h:n=~":e~~e b~~ ~:-.i";:~ 0/,:.:0;:::~s°:e'!:,t:~:: 
notcamoufiage(Sec.65). 

ob!~r~!ro: '::i:n~,,1';;~~i:;~ouflage ,.., object. the enemy's means o1 

Thiama,ybeby:-
i. Aeroplane photos. 

ii. Air observation. 
iii. Ground observation. 

Asthedcfinit.,positionofobjectaonthemapiausuaJlyfixed by air 
pho~,cffortatoc&moufls.gemustbedireetedinthefin1tpla,:eto 
dece,ve:-

(a) The camera. 
(b) The expert examiner. 
(e) The ground observer. 

To effect any sucoe& in ca.mouftage, the ca"wufiw.r mw,.t be tkil!ed 
in reading air phot011, so that having made Ml examin&tion of the 
photooftheareainwhichitiapropoeedtocon8\ructawork,heia 
a.ble to camouflage it without int<>rfeNnce with the normal upect 
of the locnlity w ith which the enemy ha8 hacome l,uni!i,.... 

3. All camouflage mu.st be erected before work iecommene<ed, and on a 
snfficient11Cale to conceal c.-erything, ,-i~., excava.tion, ~poil, material$. 
&c. Erection of camoulla.ge ,.ft.,,r completion of ,.-ork is simply a. 
waste of time and materinl, "M the work wiH have already bt,en looate<l. 

Time. labour a.nd ma.t.,,rials ,u,a important f!lCtor~ in thi• work as in 
others, and ecouomy in all of them can onl_y be effected by strict 
attentiont-Otbelollowingprinciples:-

i. Do not try t-0 camouflage a work which obviously ""nnot be 
sucCTSSful lycamoullagod,anchaalong!ength•oftrencbes, 
alnrgeworkinfull,·iewofgronndoboer,·en,,ala.rgecamp 
in thoopcn, &c. 

ii. Do not attempt t-0 economize by using too little. ff a.Simila• 
tiont-Osurroundingsieheingaimedat,theareaofcamou
!\age ahouldbecoru,idcrablyj!;reatertl1anthatoftheobjret 
\.obeconoealed. 

ii i. Do not employ artificial, if natural maWrial ia a,·ailabk. 
The lattEr is probably betkr in e.-ery way. 



iv. Judiciow, , ;tin,; a.nd taking Mhantage of natu,.,.l oovcr o, 
aoeideul8 of terrllin will rffiuce the amount of ma.terial 
nceCSMcy!orcaruouflage. 

The mostoonunoufaultcomn,itted iathatofnegle<:ting tocon.,.,,,I, 
or to deal with,cridencegofoccnpationorcOW1truction,suchM tracks. 
dumpi! of materililll, spoil, tra.mpled ground, &c •• with the res,Jt tl, .. t 
thAw<wk st.andaout like averitab!e bull"a-eye. 

61. Aerop!aMplwl'-"J"f'pli• . 
.Photoi::raphieally, the effect of colour is notsom~rked or import ... nt 

u,, !,he effoot of light an,! shade. Earth appee.1>1 hgl,t, &ml grass or 
vegetation dark, not because of their respootivo colouni, but on 
,,.,count of tho amount of contained ffladow or texture . 

A billiard ta,\,\e or top-hat illustrate11 thia quality. .Brwh them the 
wrong way, against t he nap. a nd their tone i• lowe,.,d t-0 d a.rk green 
in the one c""" and dead \Jl&<k in the other; brushed the right way, 
tliey "PP'""'' very noticeably lighter in tone. 'l.'ho reason IB th,.t they 

i~~~,:::::i;;,~~-.~~":;~ :h~;.7;~!~"!f ~•:;f;~=-~ft:k~';{;; ;:'a~:: 
each one throwing II shadow wh"1l erect, but casting none when "laid." 
Ora&!. or v~get.-,.tion, 1-- thia same property to a marked degree. 
'l'he longer it IB, t.h~- d11rker it appears on a photograph; but when it 
ha• been p1""""'1 down the amount, of ahadow thrown is l""""ned, &ud, 
con11equently,it&µpc31ni !ighter. 

For thia renson, "sligh tly worn tr&<k in grMs, whieh is <p1it<> incon, 
•picuO\IS from the ground, , howd up , ·i,·idly on a p hoto. Eart h, ou th~ 
contrary, c<m t., in• little iexlllre, and the longer it h"" l:,e.,,, t unw<l u1> 
and HJ>Ol""'d to rain and sun t he !""'4 it hai,. A beaten tra,:,.k i.a, how
evet•. noticeable,"" it <lOTlt.:.in, no toxturc at a ll, and will, therefore, 
,.,fle,:,t more light . 

The re,111or, for the mottled effeet of ,. patchy mixture of gra,a,s nnd 
earth. wl,ich blen<l imperfectly into e&<b other in a p~otograph is. 
therefore,evident. 

It i• _,ntial , when judging tbe colours of a looa.lity, to view it 
,·ertically, ~nd not obliquely. 3.1! OM i• accustomed to sec & flower bed. 
A field of young corn ,ricwed from the ground appea."' green . but, 
from a.hove, lhee,.,-thonlyis8""n,an<l thisisdarkcrintonc tha.n. the 
normal, owing to t he shadoWII caat by the .voung hladffi of corn. 
Similarly, with a lieLI of ripe corn. the actual light tone of the straw 
andearw;ll I,,, somewh"t dackened hy t he shado"-"· 

02. Oo"cm lmrnt. 



·: 0:::i1;~~:::~~}~~ :EfE~~~i:~~!!!EteiJ7:~ 1:~;!':~.:i 
_3._~raelta.-1.'hesucce""ofcamoullageo_fa.workdependsuponthe 

du,c,pline obscrvod as regards tra-cka. It ,s e"""'1tial to decide from 
thefirstwha.tistoLedonea.nd torigidlyenforcethisd.,.,ision. 

an!~ i:t)~~~~1\:!;~~:C1Zu:=~~f~:,1:c~h~n,:~:.:i:1~s~rc~::~: 

i. Trafticmustheconfiue-dtoonetrack. 
ii. Tra,,ka must be kept a,, narrow as po!ll!il>le by wiring in on 

bothsides.. • 
iii. Theyma.yherununder ahelterofnaturalcover,aucha11t,reffl, 

hOO.ges, &c. , orin the limiteol the shado""'c""t by them. 
taking ea.re to thicken the cover where ,,.,.,_ry, This 
will ocourwberetracks_gothrough w_oodsorunderhedges, 
wluch hooome b8.1'f' iu w1nkr. The tlnckening muat be done 
before the lean,s fall. 

iv. Thoy may be run a.long ij(.rong lines of demarcation shown ir1 
airphotos,,.g., between twoploteofdiasimilarculth-atio11. 
lntbis caseno ahortcut,,orcuttingcomen1musthepe1-
mitted . 

An eurnple of thi s is gi,·en on Plate 94. Tho real communicati on 
trenchfollowathe dit-ch along the edge.sol the fiel<lB, while aneaaily 
seeudummyisprovi<ledt-Odra.wthephotogra.phiuterpreters'att.,ntion 
from the real one. 

Earth from the real communication t rench was disp<IM'd of as 
follows:- • 

(a) A certain amount was nsed a.long int.crmediate or <lumm,v 
partsoftberectangulartrench.,.botweenfielda,aaa thin 
wa.lll2incheahigh,aoaatoincre._,,.,,theahadoweffeot. 

(b) The remainder was i,cattere<l amongst the beet plant.i in tlte 
surrounding field~. 

T he dummy trench is 5 feet wide and 6 inche,i deep. The aide., t,re 
v~rt ical or undercut BO a,, to throw as much shadow "" possil;lc a.nd 
th~.excavatedearthwell 111)readoutoncMhaidc. 

v.lfnonaturalcoverexi.ste,the trackrnuatbecontin11edbeyond 
tbeworkitserve.tojoinanothertrackuiating orma,ie 
for the purpose, a.voiding obvious loops. This ext.cnaion 
must be U'ledoccasionallyto keep up its appe.-ranoe as a. 
rea.Jtrack. The tra.ok should p,w, a.a close a.s pooaihlo to 
theactual work,audgreatcareahonldbeta.keniutlte caae 
of battery poositions to a.void any apparent oonnec tion 
betwcene'-'Chgunpitandthetra<:k. 



1·i. A t.rMkinfrontofthcgun pi~canl;eledl'ightal{lngthe<'dge, 
of t he pit.a themsclvos. th11• Rvoiding any eonncding link• 
Rnd mRking the bl""t mark problem c"8ier; tho bo.ck of 
thcpit..,ranbecl0$Wtoalltr&ffie. Jnthisca.se. tra./f,c 
011 th" tr"el< may h<, held up while t he ha.tteryi• in Rction . 
and a oouroc of duat i• formed. Plate 95 •hows the different 
Mp,:,ci,, of •t r!ct tr11Ck diMcipline, Ji.lid t hH r;,ve""' wit h 
reference te the identificatioll of a. possible headquarters. 

4. S hadow1'.- A sti, dy of an ,wroplanc photo will show how the 
shadows of ohjecls in the """" fa.I I. The ohape of ,-ny ohject,, and , 
therefore, its nature, ean he deduced from its raat shadow. 
,.,;',~ methods by which tho shadows of camoo,f\sge may I,., ,Jisgui.aed 

i. To t,ah ,..Jvan t.age of e~ieting definite shadows, suuh ;is pro
vided by tr.,.,,,, hedg,.. or hou..,. 

ii. To er<'<"t a co,·er. the shadow of which will he oo lanta8tic 
that. its "' ppearance will not be attributed to human ,ogency , 
in faet, it will appear "natural." 

iii. To cndca'<'our to eliminate •hadow a ltog~th~r, or failing this, 
toca.st,,methatiovagueandindefinite. ':1'hiscanbc,.ttaincd 
by adoptrng ,. flat-topped co,·er w•th no Bid u (aa 
opp<-1 t,, a mound.shaped oo,·er). An area of ma.tcrial, 
anfficicntly opaquu to conceal excavation and spoil . lorn, o 
the c,,mtre; frorn this the OpllCity di,n iniilhes gradually 
towardstheedgce. 

The opacity of t he thinned portion will i:>e•ufficien t to rnask orblnr 
t he aha.dow cast by the op8'Jue centre when the sun iil low. but at 
t he ~•me t im~• not anfficient to caot a. defir,iw ahad <>w it.;elf. Further, 
t he mcreaomg transparency toward ~ the edg<'I! ,..mallow the camouflage 
~ blend gradually with the ourrounding ground, whieh •how~ through 

Suchaoovermnst heconsiderablyls.rger t han the work to he con. 
ce,.!ed; the higher above tbeground it i• e=t.ed. the further will be 
~he ohad~w cast., a.ud. conoequently, the l&cg,,r it mnat be. ~"or 
rnotance. ,I ~-ted at a. height of 6 feet &hove the ground, the total 
cover •hou\d be nearly three timell the area. of tbe actual work which 
h..,. to lie concealexl.. Further, it iil moot important that its contounl 
~hould correopond to thooc of the ground it repr&<enls. Sagging 
introducco ne .. ·.caatshadow.andmmtbeobv,at...J.. 



T ooonce&lthem&rkseitherolthefollowingcanbensed ,-
i. Removable c&mou!l&ge, which must be op&q ue. 

ii. Expa,nded metal. Thi•_ must be ,·cry firmly lixOO to withstand 
the bla,it. One thtckne&! photographll like short gnt,81!, 
two hke medium, 11nd three like long gr&&!. It is not 
nec"88&rytopamtit. 

It is alw&ys advis&ble to distort the shape delib~rntely, so tha.t it 
mll.y bear no rosemblance wha.tever to the ch11racteristic form of a 
bl!I.St mark, 

m_ast marka c&n be prevent..d by pla.cing a strong sloi)ing platform 
underlhemualetodeflectthebla.stfromtheground. 

6. Regularity.-Anythingof&rectangular.,Prl'<'gu!&r&ltape&!'T'ellll! 
the attention when a, photograph is eurnined. Nothing in Nature 
appeatil regular, end, con8C<J_nent ly, &nyt,hing th&t i ~ regul&r must 
be the work ofhum&n hands, Mtd is, therefore, suspicion!!. 

Regularity is manifested in two fonu• ,_ 
i. Tntheahapeof th ec.amoufla,gea.ndthesh&dow. 

ii. ln regul&r•J>1Wingordressingofemplaeen1enll!. 
It iJ, most llnportaut to dll!tort any atraight line or rrot311guJu 

•haJ>",unle&stheyaredeliberat..lydesignedtoconformtothe cxisting 
ground p&ttern, or to aimu latenormal objects. Thiadist-0rt.ion moat 
he made on such ••c.aleMwill ohow on&n airphototakeu"t 10,000 
feet. 

In b roken ground the phot.ograph io pa,ttem ia intricate; all that 
is11eoeasaryistooonce&ltheatraight lin""olrocc.avatiouandother 
work. • 

Ino~ noountrythcprinciploof irrogularah&p&i•«J.u&lly ?'ppiic, 
able to thctlat-toppedcamouflage whichiatheheatsuited to,t. 

Druaing and spa~ing:-A peculi&r m&rk on a J?hot.ograph whic.b 

:~~:rs"7:: :C0 ![;•1i!~ n~~'~;,,~~ ::ier:::fa":/I!\ •:::~:~ 11u~~ 
11si11theca.aeofaL&ttery. 

The fo!lowing methods of canwuilage may be applied,_ 
;, The whole battery to be included undcronecov_er, C11peci&lly 

if tho alignment is d~krmmed by aomc artificial feature 

::~h ::n:r:~g o~~:';!";_;~ ~:J.:~~c;::a~ii°:!:";:': 

plough. . , 
ii. Irregular apa.cing and grouping if the_y &re cous,st.ent with 

tactic&] r"'l"iremcntl! &nd fire control. 
iii. Adiaerentdisguiseforeachgun. 

63. Materia/$supplir.dandlheirw,ploymffll. 

The material.s aupplied (Appendix IV, T&hle 8) rnu•t be mod_ified 
in colour and opaoity to suit the are& in which they are requn•ed, 

(B l4783)Q D 



Fish netting or ,.,1-im ,,.-l,ich i8 too lsl:"n can be toned d_own by the 
application of d""d grnaa or mud. L1ght-colou.-ed. makn&l~. such aa 
,,,.ndhag,,, timber and apllil which would •how through ueUmg, mu.i 
be covered with dark-coloured scrim or hru•hwood. The sb...:low 
thrown by a. oovcring can be judged hy ita outline on th0 ground when 
the •nn i8 low. 

Camouflage is UBually inflammable; it must he, therelore, prowcted 

&gtif:a:~~:~e~;:u~~e~~,:~~~f~:i":':i:oo order. 01· it will dctcriora~ 
a.ud betray itself. 

6'io. Bxamp/<' c{ Mw romoufiaG• may be ,Jfeele,I 

I. Area clllllouflage.-ln open agricnllnrlll counu-y , regular che«11• 
board patt,,,,·" pr<>1Cnted by cultivated ground in &11 air photo may 
be reproduced in camouflage m&terial. Large a.,eaa have been treated 
aucc,-ssfully in tJ,jg way, a.ffording cover from view for trooP", guw, 
nnd aeropla.ncs. 

2. Heavy gun & may he camouflaged:-
l. By painting the gun to ouit " defiujtc sik, ,md oonJ'.,ning 

attention to conceahng e~idence11 of 11.Clivit~·, ammunition, 
&11d ligbt,railw&y11.. 

ii. By disguising the gun u a railway trucJ.: . dump of material, 
hayetaeJ.:,&c. 

~. Obwervatlon post9,- Thc indicatiorui which betray the site of 
obser.-ingpostsare:-

i. Tho shadow calot l,y the loophole. 
ii. Tracl.s convergin~ to one spot combined with tho knowledge 

thatiti>o•uita.blelor&noLM,r,.,.tionf>O!!t. 
iii. Lightahowingthroughfromthehackofthcloophok. 
iv. Reflectionofa,mlightonle~ofeboer,·eT•field -gl""" 
v. Visibilltyof the observer. 

The ohadom! noa_v be dieguised hy the methocL. already d,..cribed in 
Sec. 38, para. 3 (loopholes), and Sec. 62, pa.ra. 4 (shadowe), or by 
covering the loophole with wire gauw (P!atu 68 and S7) Lehind which 
field•glas..., """ he nr,e,1. Peri•oopee ob,·iate the nt><:e,.,,ity for loop• 
hole•. 

Dummy loopbo!re atlr&et lhe enemy'• fire from real luophul..., 
The u.., of vei l, ant! coats of a colour to match the bacJ.:ground is 

useful (Plate 97). In a trench in which a&11dbags are use,!, an empty 
sand\Jag worn o"<"cr the head ie a good disguise. 11:cn wea.-ring vci6 
of brow n or green g11u,e arc difficult to detect against J,ad,ground:, 
;;,:a;:~c:'~fm';,";'_" rcopecti\'elJ·· Gra,a, weeUS, wood or hranches may 

Treeobacnatlonpoot,,a,,;itnitationsolexiotingtr""": tbe"'-' arecut 
downandrepl"'-""lhytheimitatioruiino.,enight. 



,. 
,Pe,·i11C?fl"' C!IJI be use~ in ,u,y object whioh can accommodate a 

t ~';~:hw!'.:f"• e.g., troo, wu-e en tangloment poet, telegraph pole, ond 

ou!iy~a~::~1!:'or::i~~::~bJte:;, a:.;~~1:r~~~:!~rt,:"i!.'.CU· 
5. ~now camoullag,, ,- B!a.,t marks will give away the preoenoe of 

an active battery, unlessatepsare taken to oot>ooalthcm. Theyahow 

:.:/"'~~db'.::,'";/;:,~1:1~~:~et;::.:~:u:i. the gun and gradually fading 
R,·mcdi,..forblastma.:rk$are:-

(· Oover(ngthemnpwi_th/reshanowafterfiriug. 
i,, Covertngthemupwllhflattenedchnlk. lt.iabeat.toaupplc. 

mmtthi8withmow. 

Footpaths do not show immediately unle"" the snow is thin, or very 
eoft.,but_thousualtrack_precaut,onammtbemaintained. 

Artitic,aicamouffagew11\notho!d snow, and conaequentlv escl, pit 
will ahow up aaa d,u,k llquare un).,.. preeautionsaret~ken. 'The onlv 
!'emedyiatofixlugei,;landeofwhitecalicoonit, • 

T l'.e oompa,rativ,, wa,rmth of a.n emplacemont will oficn reault in the 
meltmg of t he anow all round U,e ouWide; fresh snow should be used 
t-0 correct tide. 

When 1-heenow lllof suffidentdepth tocovertbe]a,ndscapooom. 
pletely,a,ndthewholecountrysidoiaoneunbrokenaheetofwhite, the 
bllt1't marke and the Mia""' most couapicuoua unlese considcrali(e 
atwntiou ill paid 1-0 r.uverin(!' them. Dummy positioll!I afford the best 
protootion rl realll!tic b!a.~t marh are made wj1h soft, irregular edge,,, 
and the real b last rnarke a,rr ca?Cfully coueoaled. 

6. Trenches .- ltianotpr,.,,tlcabletoconcea! longtrenches. Short 
length& of trench, euch as S&pB or connection• between shelJ.hole11, 
may be ooncea.Jed, hut the camoufl~ge m us t b e p r even~d from sag
ging, and arranged to tboronghly oonooa.l the apoil. The minimum 
width of material nCCffiaary ll! 60 per cent. more than the maximum 
ultimate width of spoil ba,nka a,nd trmcb. The bc•t material i• pa.inted 
scrim. 

7. Spoil trom dug-out•, & c., ll! treated with pa.int.ed ac,·in1, if it 
cannotbccarried,.wayanddumpedin,ion,ennfrequontcdplacoorold 
trench. lfopentodil'<'ctobaen·ation,tboBCrimmuitbei"ppleinented 
wit,hnetting andcanvasknot,,, 

8. Mining wor k and forward dumpa.-Tbeae can be oor,cealed 
inthel!-llmewayasanydcfcnsfrcwork orl,atieryposiHon. 

9. Machine g un emplace m ente.-T hoarea t.o hecamOllfl,tged mnst 
be roatricted u muoh a.a p<>ill!.ible, &nd therefore, among veg,,tatiou, all 
apoilahou!d beremovedandtrllOOllofw?tkconcealed,io that the cover 
over thegunitaelf maybea!mootflushw1ththegronnd andverysHghtly 

(BH783)Q D 2 



larger than !~~ ,wtual frMe of the empla.cement. T o render the gun 
in ,wlion mv,s,b!" to a low Oying &el'<lplane the emplaeement ahould 
~ co,•ered by camoulh,ge •upportcd on n light wooden [rame which is 
made to move up and down in a ,·er\.ical plane. 'fhe "o,·er ml18t he 
con(lealed fl'<lm gro,rnd obs,,reation nt comparatively~hort range. All 
evidenoo of activity and o,oul"'tion (tracks, &c.) mllst l,,, allppreosed. 

The omhasare ol a machine gun emp!a-cement in a brick wall may 
be concealed by a c,ombination of dummy brickwork a11d gaw,, on a 
hinged o~p which will cnablb the en,brasnre to be completely hidden 
when tbo gun is not /iring, whilst at the same ti,ne adm itting of ob
serv11\io11 (Plato 98, Fig. 2). A ,imi1"r mbthocl, adapkd for firing 
through a door, i~ ahown on Plnto 99. . 

On gn1.1i.s, eolo1J4'(1 raffia. (or gafdencr's ba,•) or natural gra"", suitably 
eolouredisbt,.,t(Plat,,98, .fig. 1), 

On ea.rt.I> or among shell-boles painted ocrim jggufficient. 

10. False wnrk-Tt i• possible to paint dummy tr..nchc• on can,·a.s, 
but the painted shadow remaina fix'<l and doe6 n<>t alter with the 
pooitionolthcsun. 

A new trench is best eone<':afod by making it look like a.n a.bandon«l 
oao, by covering it with painted canvM of an appropria\.s width and 
peggingitoutouthe groundwithl"Oa.l•poilbidaloogbotltsidcsofit. 

11. <::amps .- Nothiug •hortof a.oompreheruiv~ overh-' aamouflage 
will obht<Jrat,, roofs, shadows and pnths. p,...,t.,,a,Jly ,.n that, aan be 
,lone is to paint t.h~ •ide, an_d roob of huta a mono1:°~'" _appl'Oximating 
to the tone ol the ground, with a matt wrfa,,e to mmnnme reflection in 
moonlight. The matt s,_irla-ce can be produced by sprinkling ,and, 
duot, bay, &c., on the pe,mt or tar while it i• wet, 

12. Tanka.- May be h·ea\.ed like heavy guns; the i>fflt t reatment 
being a Uat,t.oppcd cover uf fish netting. 

65, Scr, tning. 

I. The prim&ry aim of !l<:re<::ning i• conooalmcnt from ,·iew in order 
to permit free am! unobser~etl circulation of trsffic. 

Serconing may b<, carried out by means of:
i. Artificia!scrocns. 

· •. N ., *""· 
2. Artificia!screcllilaremsdeof,-

i. Wi(Pi:;;,t~~ F~~eJ).'vith gr .... , brushwood, o, canva11 strip• 

ii. Brushwood and t.·oo branchM int<,rwoven. on horizontal wires 
atreteh"'1tigh\Jy~twe,entwo upri ghts. 

iii. Canva.-., orcoir, auspended onatrongly braoedpolc,i. 

Of the..,,canva,, a.nd coir do not ato.nd the weather well and require 
more maintenance on this account. 



8. Natur~l aer&en8 aro made by supp!ementin,: the height o,· thiek
n eai, of cxi~tmg hedges, OOpacl! or fringe of t~ to render them more 
effectfre withoutmakiugthofactthattheya.resereenseonapfouou&. 

A -'ICI'<'en should he au_fndently o~ue to hide movement from any 
butveryc!OliCand oontmuousfl(lrutmy. Theeffidencyofanyaereen 

§ir;~Pf t~i~~~~~ ~n~1~~:.,:tfr1;~~t~~:0i~;:~~~~; 
lnordertohidemovementatraugeehetween2,000and4.000ya.rda 

th...,...quarters of ~he surface of the screen should be opaque. Screen.,. 
mayhoeitherplmnor ca.mouftaged. 

~..:;in:
1
;~: ;;::::t:e~~::"=n:~ ~~!:ry ':i!0~";;:!'!,-: ~~v:;~ .. 

drawfire_but1ftheda.magoisregularlyrepail'OO,theatteu(.j00 paidto 
them rap1dlydirninishe$. 

The/!<' -'lerecns have been used with effect M follows:-

i. The act of "?reeuing an area. or battery position before they 
wererequ,red,drowfirofromtheenemyfora.periodduring. 
which the acreeru, were regularly repaired. 

When thescreens_wereno!onger she\lffi , they fulfilled 
~be functions for whmh t.hey were erooted without further 
m•' cence. 

ii. Toconccala.pa.rtyworkingl.>ehit1(l them. 
iii. To draw fire while work wu heing c.o.rried out 11t a. distance to 

thefla.nk. 
Although plain ocreening affords prnteotion from ,·i~w dter the enemy 

hascea.sedtonotic,,jt.aca.refulreconnai.sanceofthea.reat-0be
soreenedshould nlwa.ysbemadeinordcrthatfulla.dva.nWgemsybe 
t aJrenof thenaturalfea.t•uf<>S. 

5. Ca,nouflaged screens a.re m11deof canrnaorwirenettingcom
l;ined with canvas, brushwood. 8'"""• &c., painted to reprodnoo a. 
definite locnlity such aa. a. brickwnll ruin. hffige, &e., 01· a g,nen,1 
landscape. Theoo should oulyhe uaOO in pla.ccawhererequiredfora. 
short time becau.., the Jl"int does not stand the weather long and 
thcy requireconata.ntwa.tchingandca.refulmaintenanoe. 1'he,ie11Cre<'M 
ha,·e been used with effeot M follows: -

i. Imitation brick w8J1ij pointed on canvas backed with wire 
netting t,o screen a. mnch usedthoro,.ghfare(PlawtOO, 
Figs. 3a.nd4J 

ii. Imitatiou hedges ofa.oombina.tion ofra.ffia.. c&.1n-ustripa.a.nd 
brushwood.on wirenettingwcrema.detoconceala.battery 
posit ion which would otherwise have btt-n under direct 
ohscn·ation. In this caae an existing hedge which WM 
l-00 far back to be llilCd was removed and theimit.,,tion 
hedgosubstitutedforitinlrontolthegun&. 
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du~n~f ~: ,:;~;c~:~~~ !:'::n, ~t: ;:.;:i:% i!/i~~:~ .. ~ -~~rt: 
ron&idered earlv ro that the k'"" of co,·er due to the !eaves falhng 
from the 1,..,.,., ·m,.y bo m&de good with bruohwood beforehand, and 
no noticeable change iu the la.uda,capewhen the tr-eoo and hedgMare 
bare. • 

7. }l.oad 10ereen&.- Road~ running perpendicular to t h~ front line 

:~ .;::, :'c':~e:h~t:::i"f~~t:•~1t•t~-7i~• between treoo or houaes, 

Jlor roods running pa.rallel to the l'"?"' short lengths, of a.bout 30 

r:"':'~~~~~~~ ;:;:;\~: ~t:":l:r~i,e~:t 0!~c;,1:.~/~!~:!~'~ waya, and limits damage by llhell fire (Plate 101, .Fig. 2). 
R oadi! running obliquely lo the front CAil he C()Il<,eale<I by Gerrens 

l&eiug thefront, arranged.in echelon (Plate 101, Fig. 3). 

8. Fluh screon &.~'3c- have been succe,;s/nl ly used to hide gun 
Oa.shesatnightlroh1thefrontandfrom Rllank. 

1n oneMoowhcrothe fla.'lhe11of a. hatterywere ,·isihlefrom afla.nk, 
ai:r arnall screen~ were erreled, one about 4 yards to t he right of the 
mu~!e of each gun, a nd running out about 8 yanlo to the front. Thay 
we ro a bout 8 f"'"'t high . They were dismantled during tho day a.nd 
re-ere<ated """" night, in 80Cketed holes. 

66. Ma~~f"el>,r,, ertclion and mainlenam:o of 11<re,m. 
L M anufacture~Scn,ens should l>e mn<le up iu baya of 30 feet, 

with aupport>< 10 feet, apart. 
In ordertoloea.Jize theoffootof ahell fire, each longitudinal width ol 

wir-e netting should be •u•pended independently on ,. longitudinal 
wire between t he upright,. 

The1,,,re,,il8are m&de.olatriJ)8olean\'asinterlo.c,,d in l<ircncttini;, 
The strip,, should be 2! mch"" wide, "nd thre&dffi through every thin! 
or fou1·th mesh YerticaJly, lea,•ing no horiu>ntal intcrrnL OpMity 
can be considnably incr""800. by the """ of altema,te Yntic,.\ bsnd~ 
of plain a.rul duk-coloured canvM, eACh hand king about a foot wide. 
There should he a atrong contrast between the plain am! coloured , ,.m....,,. 
Such a 110roon is eJJeei.i,·e at rnngee of a n,ile and upwards (Plate 100. 
Fig. I). 

Still better res ults oan be obta.ine<I if the colour;. an·angcd on the 
,·ert ical b,t.mb "" a.~ to produce a cbcqnered effect. 

Tn:egulRrity of outline, if neoes,,a.ry, can 00 ~i,·en by n ot eommcncing 
the threadingole.ery~trip a t thetop ofthewire nc\l,ing, or !,_,.- inscl'iing 
a b nl!lhwoo<l., rown. 

2. E~ ction,-•Wfienevcr possible, soi·em,shouhl be a,ltached to e:tiet
ing obiect,, ~uch M \n,cs, hedgN!, hou=, &-c, If pole• ha,·o w be uaed 

~::•~!,? w"\:~~n!: :;~~ :!!r::'U:o ti~e ~:d ;;:: u';;;]~hi;Y:'; 



join«l l,ylongitud!-nal wire,, 3 foetapart, and cross diagonal bracing 
between each pa1r, whfoh s~ould be guyed in the nonnal way 
(Pl~te 100, Fig. I). These w,rea also form horhont&l brll-Offl to the 
UJ?nght. which are cross braced and guyed as shown on Plate 100 
F,gs. I and_'.?. Uprights should be of at leMt 3-incl, timhe,·. Guy; 
sho':'ld conmst of at !eMt four strands of No. 14 gsuge wire, or th., 
eqmn.Ient. 

&I'e<ensshou11 notOOerectedpiooemeal,orunnece•~aryct1aualtiee 
from shelhng w,ll be incurred. The maforisl should be laid out on 
thcgroundheforehand,sothatthewholescreenci,nbeerectedinone 
night. 

CHAPTER X. 

THE ORGANIZATION OF WORKING PARTIES AND 
THEIR TASKS 

67. R~bilily/rrrtMueeuli,m<jic,>l'k. 

J. AU _a.rms a.re responsible for the const,rnctfon of ordinary field 

:::~• "~~;\~:•;~,1:"ihc ~~;:~~!ti:;~~"l:te!:': s~:.i:~~~":;~c f~~~ 
of co~cr from fire am\ the oonstrnctiou of obstacles. Fidd worh should 
herci;!r<ledasamilita,·.1•dutyandshou!dbeexocutedMa,,.jJit1<ry 
operat10n. 

Commanders of formations a.ud infantry unit,i will be reeponsible 
for s iting, orga.ni,ing ~nd constructing field defences. Offioer,, of &11 
arms must study the moot suit.ahle types ofdcfonces 11nd the detailll 
of sitiug, ,\epending on armament, ground, conoea.lmcnt, &c. 

The engineers will normally he employed only on work>! requh-ing 
t,,cbnic1<lskill,•peci11lt-0ols,or,pt,ciollycJaOOr!lteor,:aniutionsuchas 
th e oonstrnction of battle position or"'"'' po,;,ition (le!onces. 'I'here 
.~re not enough engineer unib avai\a.hle with formations to enable 
thcongineeratoundortakeanyhutthisti,chnicalwork. 

2. FiP]d works may, therefore, he di'<·idcd into two cla""'-'6 :-

;, Work for which unit>i or formations '>thn than tlle mupneer11 
are re11ponsible. 'I'his will hecarriedoutundertheorden, 
of infantry commander,< with materials supplied by the 
enginNirs, hut without enginoor RAAistan~e or supe,·visi_on, 
otherthantcchnicala,JvioeorminOJ"assiilte.noeint.echmcal 
d~hils, such "-S. lhing o! timhe?' in oo~plicat-ed shelt~rs, 
&c. Thoprovi&onoftlnst-echmca!adv,oe orminor"""'"t· 
anceis thcdutyofengineerlia.i110noflloeN1with infantry 
formations. 

(Bl4i83)Q "' . 

! 



ii. Work for which the enginee!3 are re<1pon•ib\e. 'Jhi; wi!! be 
carried out .olely by engineer uuiU!, or hy engin...,,• un;ts 
with the ,.,,,is\.anoe of working pa.rtieo from infantry or 
otkr uuit., or civil lahour. 

Jn the case of work underelaaa ii there wi ll he two princiJ)"I offitt,. 
in,•olvOO in th~ work. 

(o) Thecnginoccoffioerin cha.,-geofthcwork. 
(b) The offioer in cornma.n,1 of the w01·king party. 

3. The,..,,.1>0nsibillticsofeacha.~""follows:-
The officer in charge of the work is reaponeibl~ for

~ Making the l'relimiDllry =on.,aiij.,.noe. 
ii. Tra.cingoutthework. 
iii. Demanding th working party. 

\:.- ~:~~i;,::: ::r:a~ ";~::et':h:°~h~1 ;::,;ry~1•ty actually 
arrives on the~iteof the work. 

~i. Socing that th~ work ii! completed M designed. 
He must alsosooth&tarrangemenUI..,.,, n,a.defor provision of&11y 

covering party, that is 1·"'J,11ired, in addition to the working party. 
The ollic<>r in command ol the working party io l'h'p<>n•ible for 

the di•po.,al of the m en on the work, fol' i""uing aJI orMrs "" regards 
smoking, light,, , talking, and that the work ia oompleted to the aati o
faction of t,hc oflioor in charge, of t he work , Lut tho ol!ioor in command 
of the wotking part,y ie re~ponsible for quant..ity of wol'k olor,~. 

4. The senior military officer must obtain definite order-s from the 
authority ordering t he work "" to whether, in the event of auflcring 
6eriou• c,..u&ttics, the men should be withdra.wn temporarily, or an 
attempt ahould l;e made l<l carry out hi• task at aU c06U. 

68. ,lltcrnatioe m,thod~ of organizing wm-h'ng panir& 

.For s\J'Sightlorward work, where daylight ..,;connai..an~~ out of enemy 
observation ia 1""'8ible and when there is aufficient time to make the 
n""""""ryreoonnais.sanc..,andtosend the "demand•"bad; t<J brigade 
or b&ttalion headquart,,ra, the procedure in &c. 69 should be 
followed. 

H must be rooogniaed, however, t hat enemy oWrvation and urg<>twy 
(which may limit tim ~ for reconnai..,.nce) u1a.lce modificatiOll • 
nccce., y 

'L'hctlmete.kcnloaarryontallthestepsanddutie•de~iled in the 
not"'", including th~ ><ending b,r,,:,k of the ··demand•" and subsequent 
det&iling of, and the approoch march ol, the working party, may be 
eii;ht hoursormoro. 



lfth?timeavailableialeasthaneighthours,aworkingpartym11st 
bedeta ,Iedandtherendezs·mIBandtirnefixed,beforethereCQnnai,annce 
isrnade. 

Detailsoftl,iaJ!r<><:edureforha.atyworkaregiveninSoo.70. 

69. frooed1<rewhetlrec<m"Qi8sancti&p<Mtible/,,,f,:;reMrnfingfodemond8. 

l . Jrnmcdiatdyon rereipt of orders t-0 putanyworkinhand,the 
olli"':rwhoisapl:'°intodtotakechargeoltheworkwillvisittheaite,by 
dayhght ,f po&nb!c, to make a reconnaissance of the WOI'k. This 
reconnai•oanceenablcshim t-Odecideon thee.pproximatenumt>ersol 
the working party, what sort of toala :md materiab are reql!ired and 
whethcrthereareanyparticulardiffir,ul!i~inearryingouthisorders, 
e-'J•, hard ground, root,,, &c., which call for apooial meaimros to mffit 
them. 

Whcuovcrtheoonditionsoftheoperationspermit, inordertoaa.ve 
time.heshouldUkewithhimatraningpartyolauital>leatrengthto 
mark out the work. and the guides which ,..ill be req•,i: ed to <lir!<,t 
theworkingpartyfromtherendezvoustotho.,.ork. lf ))OIISible, 1he 
offir.<lr who will be in command of t.he workiJJ): party and some of his 
non.eommi!!llionedoffioersshou!dta.ke partinthisroconna.issanoe.. 

Beforest&rtingtheyahouldall beinformedwheretheworkis, what 
itis,andiUlpnrposc. Noteshouldbetakenofthefolto"~ngpointa:~ 

i. 'J:beroutetotheworkwhicbinvolvesthelea.stfatigue andde• 
la.ya.ndthetimcreqniredto marohtoit; plenty of time 
must be allowed, remembering that a.large party mo,·ea 
very slowly, especially MrtNl/1 country or in treuche>1 in 
single file. lf the enemy'~ harassing fire is heavy !t m":y 
benecessarytotapeoutrouWl!acro&1countrywluchwdl 
inYoh·e ~pecial me&11urcs being taken to el1"Je8 trench"'!. 

ii. Landmarks which "88lilt in locating the site of \.he work and 
the route to be followed; if nO'.lle exist, artificial marks 
should be erected. 

iii. 'I'he guides should be shown the rend~'.·ou~ at which t_li.cir 
parties will be orden>d to rep:,rt, if ,t has been decided 
up:,n. 

'fhc work should nut be marked out; the omce,· commanding the 
workillgpart_v, ii preaent, will decideinc~ultati~n w_itb t.he offieer in 

~t~1;;e~ifitT~1;t£F}t";t:~:::;:::~;f!"~=~ 
The limits of ca<:h pla.toon and company should bec!';"rly m_arked, 

and each guide should be shown the point to~hich be"" to bnnghi~ 

=t:::~!~h%c~~en~:,~~:~ds ~~!,'.°';;;:t::i":,,':t~tt::r~c=·~ 
the enemy will hringtot>ear, L>utthcreahouldbonob,mchingunthe 



mamhup,andthearriva!oftbep11rtiei!m1.,stbesotimedthatoncparty 
d°"'notbave towaitwhilea.notheria being put onto the work. In 
nonna! timffi, the rate of atiin,! ahould be 50 men (actual workers) 
at 15 minutel! int,,rval,and \\' hen hara&9ing fire is heavy25 men at 
6minut,,.,inten-al. 

WithcarryingJ""tiffitbeloadsabouldbe...,dil,tributed t batitia 
poofilbletocarryonifaportionofthe.partyfailatoarrive. 

Tfitba•notboonpo"8Jb!eforthegmdeatogoovertbeground, they 
ahouldbegiventheirinetructionainwriting,butinanycasetheyrnuiat 
be at tJ,e rende,:voua punctual!~· 

2, The ollie<,r in charge of the work must now make a rough estimate 
oftheamount o!eachaortof work,auch a.s c!earmg.entanglement.'l, 
digging, carrying, &c., and by the help.of tbe tables (n this book 
(Appendi= II and Ill) or his own expenence of the a.bilitiea of the 
men who will form the working party, he will be able l-0 make an 
estimate of the number of men and tools and of the m&terials he will 
reqnire. 

It must not be supposed thatunderactivesenioooondit-ionsthat 
tlli• e•timatewiU be accurate, bnt it will be near enough to~nab\e 
himt-Oformalairideaoftheoizeof t he working party and of the 
time required to oomplcte the work, or if the time is definittly 
b,i,l down, how many men will be required l-0 oomplct" the 1.-ork in a 
g·yent·mc. 

Iftoomanymenarodeta.iledtheworkingpa.rtyi8crowdedtogether, 
and the risk of noi11e and consequent disc(wery by the enemy is 
incro!l.l!Cd,andwhilethoworkffinot apoeded up a greater number of 
men are deprived of theic needed night'• re•t•, &nd the efficiency of 
theunitasawholei3impaired. 

TI too fow men are detailed they heoome di•headened, and in 
oonaequenoo, turn out less work, t-he complet-ion of the work is 
unn~sari ly delayed and theri~kol interference bytheenemyia 
increased. 

On a,:,tive r,en•ioo the actual strengths of formations vary w quickl~
fro111 d&y to dRy that it is generally imJX'""ible for the officer in charge 
of tbe wot•k to demaml his working party in the form of 00 mm1~· cOm· 
panics, plRtoona, &c., however desirable this msy be. His original 
dcmandforaworkingpartyaubmittro to lbeproper authority, ml.lilt 
OOL..-lontbe...,timatednnmberoftasl<aormmrequiredtofiuish 
the work in a given time. l t isthedutyoftheofficerwhoordeI'8the 
working party to he provided todetail!henumbeNofo.ctualworker, 
':'luirodinthea1.>proximatenumber11offonnationsorpart•olforma· 
hon11, ,.y., battal,ons, compames or pla.toorL'!- This ensures t-hat the 
menworkundcrtl,eirowuoffice,-,,_andthataproperproport.ionofnoo· 
co,nmifi<lioned oflicers,•belcb.cr t,e,.rcn,, .!cc, are also detailed . H 
may nothepoS11ihletoadjustthooeenctly,l>uttheimport.anceol 
detailing complct.: formation~ ao a,gaiwit detachments of certainnumheN 
iopuamounl. 



3. Adetailofthetoolare<iuiredinvol"""aknowledgeofwhattoofs
are ~va,t,.ble and where they &1" carried. T~i• information may be 
obfamed from the Army Form G. 109Sof the umt providing the working 
part~·- ],'or the simplest lorma of work the proportion of tools in ~J:s~:~;.I will give a guide RS to what is required in ordinary cir-

In position w&rfaro when tool dumpi! &re lorm"<l all tools will be 
drnwnfrom&ndreturnedtothedumpi!. 

4. linvingarrivedntthenumber$olmen.thetoolsandthemateria la 
required,theofficerinchargeofthcworkhastheseadditionaldutiea:-

i. To fix exact location of the reudczYOUII where tbe working 

~::~~re 0~ ~:~~l~ih:tt;':si:;dg:J:: ~:s ::t\:: 
workingpartytoconductthemtotheirwork,&ndtonotify 
thiatoallconcernOO. 'T'herendezyouashouldbeontl10 
wayuptothework,hutnotneoo88&rilynearit, hmuatbe 
dilltinctlymarked(amaprefereoceianotenou~h)..,peciaU)' 
ifthepartyarriYeaatthe1"nde1vouaafterdark,and ahould 
benearaomeaorlofcover. 

I t muatnot beeonapicuoua from the<'nemy'a point of 
,·iew, ,.g., a erooia road, & lone tree-. or an W,),.tt,d building. 
lo a, trench system, it ,.hould not he a trench junction 
exoopt when the working pa.rty i& de\.ailed from the trooJ)8 
holding the trend,.,... 

ii. To fix the hour of arrival at the ,.,,.ndezYoll8. This nulilt be 
carefully worked Out 80 that tho men are marched from 
thcMe to their work without delay. If men are k~-pt 
hangingal,outint,hedarktheylallaaleepandarediffioult 
to rouse up. 

Theenemy"•o~rvationandthestateoftheiig!otmust 
also he considered. .For night work, work should comm~nce 

iii. Toj:~:~:r~-;~i~i:=ryoo::-.:::"rilUJI, ~I•. &c., ,.ud for 
transportolthel!&me ; aodtoensure dehYeryofth,..,,atthe 
rendezyousheforethearrivaloltheworkingparty. 

iv. To =y t!;';.,~~~;":a::!';t~_~;~~ : e1~:t~~i:,: 1! 
no risk of the working p,,,rty hemg reducOO by ha:'ng to 
findtheco"eringP"rtyoutofthenurnheni det11,lOOfor 
work. 

He is uow in a position to auhmit his demand for:-
(a) The nooes,,ary workiug party for work which will occupy a 

certain number of hours. 
(b) Statingthehouratwhichtheymnatbeat 
(o)thcrendezvoua 
(d) with a certain proportion of tools from their own equipment.... 

8.lld ha,·ersaek rationo, if neceSllll,ry, ~nd wkere 



(e) th~y will m~-et guide,i provided hy him and draw additional 
tooll!andmaterial asmayberequiredfortheworkiuhand, 
which 

(j) they willcatTyorescortinthetransporthcprovide<1 
\~) to the site of the work, 
(k) whichthetnwiugpartyhaaalreadymarkedoutonthegrouud, 
(i) andonwhiehtheworkingparty will heextend,..\,whiletl,ey 

are protected by 
{j) the CO\'ering party, which will be in position b<-lore work is 

co111111enoed 

The demand !OJ' working party should he ma<le out in quadruplicate, 
A typical form is shown in ApJ"'ndix I 

On rec~ipt ~f this demand the headquarters of t he formation ,rill 
ll!Sueorderstotheunitaupplying lheworkiugparty,whichwilleMure 
that Ll,e party meets the guidei! and bring~ Ll,e nece...,.,y t,;,ols, &c. 
A typicalformfortheoeordersiaahowniuAppcndixlA. 

Whentheworkitcoutinuou•overlongperiod,,muchclericallabour 
canhesavedbythehea<lqunrkrs oftheformationrespouaiblefortho 
work isaning, without demand, orders giving full particula1$ of a ll 
dailyworkingpartiesaudtheunitresponsibleforprovidingeach. 

Fict<tious names, which should he ob,·iouJyof ,.,, c-n!,inee,· uature, 
areallotwdtotbeguides,andthcaenamesshouldbepennauentalways, 
•·•·• the guide for No. I Party will always be 81tppe,· Shore], whllte..er 
hisrealnamemaybe,orhowcverofteuhemaybechauged. 

~- If the officer in command of tha working party has not l>ecn 
present M the tradng out of the work he will in consultation with the 
officer in charge of tbe work decide upon the best method for dis, 
tributinghi•menontfa,work. 

There are various m~thodi, of tiling on to the work; two in gene,.,.I 
use are given helow. 

Flnt melhod,- '.fhe leading man halt<! as he arrives at bis place 
and the othel'II pa.sabehind him,each haitinga,i the beginning of his 
taskis,uarked; thll!methodisthcquickest, hutitcause,,thomcnto 
bunch and is ullJ/nitaJ.>leforfrontlineworkintr,,nchee. 

Secondmethod.-The!eadiugmangoesrigbtt,hronghtothefa.r 
"ndofthework and theremaindorspare them.,,h-esouthehindhim 
alongthelineofthework. The oommandcroftheparty then checks 
andcOJ"rect,,theirinterv..!B,startiuglromthelcadingmanandworking 
backwa.rds, Jn this mctbod the men nre alwaya well extended, and 
as a result, althoughittake,,alightlylongerthan the ficatmttbod, it 
is usually ne,,.,..ary to adopt it in front line work. The tendency 
to c!oaeup when the front man halts forfoarol loaing touoh in the 
darkmuat.hechecked. 

Workingpa.rtiei!of>10001>dorsuLoequcntrcllclsontrenchwork, 
should not l>eallowe<l to n1ovealongthepart.ially<lugtreuch,,unl= 
thetactical situationdcmandsthatthol'.ahoulddo•o. 



6. When working in dOEe contact with the enemy, tite commander of 
thopa,rtyma,ydecidetoworkwithll11l1Sslung;thisgrea,tlyhindersthe 
workandshouldnotbodoneu"!"""thcre[sd(ougerofa.t,tack. Inthe 

~~:;::'e:::i!.lll a.~e:::illr0~n:::t8: :::r;:~;_ay~~l~:nhit~:r::r~n~ 
ix:towfirosteplevclandthcroisdanger ofanattack,armsahould be 
hudontheparapctandalltb.oea.rthehouldhethrownontotb.eparadO'I. 

co~::~::":;M~::~:h:;s :ul~:l::: =~o:i~e;:o:::i:e ::r: in a 

7.Workcanheca.rricdouteitherby:-

T ask :,;~!d~f~r"pr~e;~iify ::r·;;,~:!t::~t.~ J!;;::, ;,.;:~ 
orcompany; or 

Time work, i.t., the working party is required to work for a, 
ccrtainnumherofhoura. 

'l'Mkworkahouldhegivenwhenet>erpo.,.ible. 
In most work, especially thatofastralght.for'."ardna.turo like dig

ging or wiring, better and quickerw'.'1·k1a obtam_ed by taslc work. 
The allotment ehould be by small umta, t.y., sechonll, platoons, &c., 
and e,wh party must be allowed to withdraw on the com1>letion of its 
task; thisisthewho]ocs,genoeofta.8kwo,k 

GreatcaroaJHlconsiderableexperiencelllreq11iredin aetti11gtaaband, 
on~e fixe<l, they must not be altered even if they have beffl wrnllgly 
estimated. Some figures ijilllwing the amollnt of work to be expe<Jted 
are given in Appendix ll, bnt the figures may require modification 
,wcordiugtothc<listancethemenha,vetomarchtoa.ndfromthcirwm k. 

Whm1 working with relicfs on task work, care muat be taken that nl! 
partiesofonereliefhavcfinlahedtheir ta.sk3beforethearriva!ofthe 
next,aothatthclatterareuotkeptwaiting. Aninterva!of30n,lllutea 
shouldbeallowedbetweenthecatimatedtimeofthefirstrclieffinisl ,ing 
andthearrivaloftheaecondrelicf. 

Supervision o,rer ta.sk work mn~t be strict, aud the tasks which a.re 
usuallyontheeasya.idemuatbengidlyenfor<:e<l. lndchl>eratetreneh 
workthedimeusioru, of the trench should be checked hya temple!,, 
i.e., a akdetou patten, of the aectionof the task, to eru,ure that the 
trenchh;l,llbcendugtofulldimcna.iona. 

A templctora ij.foot roo, a~ould hecarrled by each 1>latoon com
mander, by which hecanexplamthe task. 

If time work is decided on, regula.r periods for =t, say, 10 mlllutee 
cvcry2houra,should001m1mgedfor. 

8. Itha.shecnprnvedthatthebeatll!gotoutofaworkingpartyin 
4 houl'il--Qftcr tha,t period, the meu tire rapidly, and the amountol 
worktheydowillscldomjustify_theirl;eingkeptou\:. 

Workintholaceofthcenemyuicarriedoutd11ringhounofdarknrea 

:!1i~u~::t:.ii:;;~~1ihZ;\si,t .. m~~ati:.ri;~a;~~i;ki.m;:.,~e.t":,~e;; 
-t houra. 



Continuous reHefs a.redifficnlt to manage in the <>&se Of Jar>,"' numbers. 
Rclie,·ing parties $hou!d not pass each other on their wny too, 

froo, their work. There must l>e an up-and-down rout<: in a. trench :~~ci::~n c;:..,:t;":ii: g'e'::!~:i~taff~•t l>e definitely i>llott"<l &ll up-

If ta.sk work is being nsed, it is e15sentiaJ that &11 taakl! l!rulll be 
thoroughly ckaned up before the men le,.ve work, or th~r,, i• &hnnd&nt 
oocMion for grumbling. 

Each relief •hould arrive oomplete with (>,\l 1-0<>l• reqnin,,l for work 
and should retul'n them to the dump from which they were dr&wn. 
Iti$nOtpossiblctohsnd(wertoolslrom·onerel ieftothenextie1tlte 
d&rk. 

If the work i• heiug carried ouliuaing!e reli~fa &tnight, a c]Mring.up 
party 1houl<l he detailed for work in da.ylight in order W square up the 
trencheo &nd oom><ot fault.a, and Jea.ve ihe t~ch fit for straightfoiwartl 
taekwo1·kfortl::.cnea:trelie! 

ThiopartyrnustnotbesonurucrouaMtoattr&etthe notioo of tl>e 
enemy. 

70. Proced•n u,Mn der,wnd• ':.':$~,.!; 11ml in ici/!wtd pr,viou6 ~c,m. 

The following 1iroc,,dnro shou ld be followed when there i• not suffi. 
cient time to ""1ld ha.ck "demands" after making a rceonna.issance 
of the WOl'k :-

i. Order,,.,..,;.,,uedbyhigherauthorityto engioocl'il and infantrr 
to carry out the work, 

ii. The oihoar in oha.-ge ol the work ,.t once •~nd" in the 
foJlowing informuion, l».M,d on prcviow, knowledge of 
theground&ndl&rge"calemaps:-

(!1) An ..,um,.1'1 of l·he numbe,a of the working party. 
(b)Detai1 , oftoolatobecnrried,ortoolsoroto,...tol..,pieked 

up at the rt'ndC11voua. 
(c) Rerul.ezvous for the working party, 
{d) Time.for the working party to be at the renrlM:von .. 
(•) Dura.tionofwork. 
(/) Probablctimeofarrivalb&ekinbillet&, 

Hewil\aL,o;- -
(g) Detail £"id.,. W lead the working Jl"'rty from the rendozvoua 

to thc,itcofthe work. 
(h) Request that the officer in command cl the working 

party with officers or non.oommissione,l offioers ,e. 
i •reientio'g companies or platoons, be at thcrcndcivo11s 
I hour bef':'ro tJ,o rema.ind~r of the working party arrivc,i 
there. Tlu• party will be guided irum'1li11,tely on &rrival 
Rt rende,vow, to the site of the work where the officer 
in 0011uuand of the working party will mcot the offioer 
inchargeofthework. 



,n 
ii~ T h e o lficer in charg e ol t h e work, with fracing p&rCy ;.nd 

guides for working puty prooeeda from rendezvous to ~ite 
of work, where a. reconnaissance is ma.de and work marke.l 
out. II un der enemy observation this marking out ma.y 
nottakepl~untildw,k, 

iv, T h• olticer in command o l t h e working pAl'ty with 
party enumerated in ii (h.) above, 011 arrival at rendcz'l'Ollll 
I hour before the remainder of tJ,e working J)llrty, i• guided 
by the gu ide detailed by the O. ijc work to site of wo,.k, 
where he mtlei:<l 0. i/cwork, who expla.ins the iMk in hand, 
imd ha.nd~ over neccssa.ry tern plots . 

V, The OftiC<>r in command of t he w orking party decide9 
howtodh,tribut<Jhi~companiceandplatoono. 

vi. Maiu body of wo ,-king pe,rty, on arrival &t rendezvous at 
a1)pointoo. tJ.rne, is taken by guide6 to aite of work, whcro 
under the instrudions of the offi~r in ooo-unand of the 
working party, the mc11 are m&rched at onco, atra.ight to 
theirtaskll. 

71.Tro1Jingtnid utli.,9()ul"'°'lc 
I . In order to &void delay, 11.11ywork the.till to be executed should be 

ma.rkcd out beforehand by tr.wiug tapes (each tape ii, 50 yard~ long), 
or lfambro' line.., pickets, spitlooking, ,h. The following instructiOJUI 
refer to tracing trenches, but they apply in pri.nciplo to sctting out 

, wire ent.mglerocnta, roads, t.-ad,a, tram.we.ys, &-0. 
Tracing haa tQ be done frequently by night, in which ce.se pre• 

li mina,ry reoonna.is•ance is important; tho direction should be checked 
a,t frequent interval• by compa!lll or by me~Sllring tho d istance at 
right e.ngl"" to a known line, "uch as the front lino trcnoh in the c1100 
of e. te.pe !&id for wire in front ol lorwe.rd positions . The steel hel met 
and hox re~pirator ,ullilt 00 t aken off before the comJ)l>/I', is used; 
both these art.fol"'! of equipment affect it-. 

All offioon! and non-commissioned officen! should 00 practi,e,:J in 
tracing by day and by night. 

2. In the cal!O of deliberate ddenoes, if the line is markod. by flags 
(Sec. 12), th<1 trench "hould not be laid out in a aeri"<I of .traight lines 
from flag IQ flag; but ea,,b fi:"-bay should be carefully si.Wd and 
marked with pegs by !he tracm~ officer; the tr~ve,-,ie,, should bo 

:~:~i~J{:~:~1~~~::;:~1;);~ }':~!; thiB muat not 

3. Types of tro.ce a.re illuslr&ted on Pla,t,:,s 37, 38, 39, 40 a.nd 42 ; 
t hey ma,y be applied to the g,·ound by :-

L v~rying th~ "ngle uf thfl travcr:,e. Thie ruigle, mu~t. howover, 
novcr exe<,ed 13ii0 , or be l<•s• than 90Q. 

ii. V~n~ lengtll of the fire-bay$. or of the leg• of the 

iii. Chauging diroolion in a 6rc·b&;;. 



4. With tl,.o bastion trace(Pla.k '37, Fig. 2), untilei:perienccin 
la.yingout~been_ a,,quire<l,&tapet.empletahouldbeuscd(Pla.t.e 102, 
Fig. I). Th1sooll818tsof a. quadrila.tera.lof tapeofthedimensioru,ot 
a. normal traverso with two dia.gonala of tape to Mt a~ braces. I t 
must be regarded as&guide, and notasaata.ndard pattornfor& 
tra.venw. Aft<,r i,ome practice, it is quicker to dispewe with the 
t<,mplet,theoideaofthetraver8"8maybepaceda.ndtheangles judged 
byeye. 

5, Thofront!imi tor"cuttingline"of11.fire trench i$ thelinewhich 
should be traoN!, but it is a great &dvantag~, if •nfficient tape IB a.va.il• 
a.ble,totra.cebotbsidoo, 

6. Organization ot tracing parties- The party should be di,ided 
intogrouf"'Mfollows :-

i. An office,· a.nd I O.R. with extra. men as ca.rrien. The officer 
traoesontthefire-bays,drivingpegsinatthcendsol 
then, ; he must select the position of c,wh fire-bay with 
regardt-Otheahapeofthe ground. 

ii. An experienced non.oommisaioned officer and 2 men with 
utracarrie!'llifnecoo.,., y . Il awmplet i•nsed, it i• laid 
out with its two front comers near the inside pegs of two 
adja.eentfire.bays,andthebackpeg•ofthetr&verse&re 
driven in near the hack comers of the templet, under the 
direction of the non.commissioned officer. 

iii. A number of men, va.rying wit•h the natu,·eof the ground, to 
clear crops, bushes, &c.,from theline ofthe tape. 

;.-. Onemantunning outthetapeandfii:ingit to thepegs,with 
carrienifor extratape. 

The duties of the ,,atiouspartkaaretabu],.t,,d below :-

(T.~-•t~bt::~ a!: r.g oui , ,,.,.., ... . 

. ;:;:;:' .. ~~ .. I ~. 00 ...... . 

Roopioghooka,&c ... . Cleo,linelort..pe, 

Tape •.• ...... e..~ingtape •nd 
fiXlll8top-go. 

Tots!: I offiC<lr, I nou.oommisaioned officer, aud 6 orruore 1t1cn, 
depending on tbe&n1ountofm&teria! tohecarried,and the• amount 
ofdearingtobedone. 

:French wire entanglement staplea or wire "hail'pin•," are good 
substituW!forpegs;thetape iolaidveryloooelyatfirat,and then 
pulleJba.:,ktautroundthetrave!'lle!!(Plate 102,f'ig.2). 



PART 11.- BRIDGING. 

CHAPTER X!. 

KNOTTING AND LASHINGS. 

The following are the m011t useful knots Mtd their principal uses,_ 

Thwnb knot and Figure of 8 knot (Plate 103, Figs. J and 2).
To make ". st-01~ o~, " rope, or to prevent the end from fraying, or 
topre>'ent,tashppmg t hrougha block. 

R eel k not (Plat-0 103, Fig. 3),-To bend or join two di·y ropes 
t hesame ·,,,_ 

Single-sheet b•nd (Plate 103, .Fig. 4).- To join two dry ro~ 0/ 
different sizes. 

Double-ah...,t bend (Plate 103, Fig. 5).- To join two ro1>e<1 with 
greatse-Ourity, or fo1·wetropcs of differentai•= · 

Hawsor b<md (Plal<l 103, H g. 6).-To join large cables. 

Bowline and rWllling bowline (P lat,, 103, Figs. 7 a.nd 8).
To !orm_ a loop_or bight on a rupc, which will not slip. The loop fonnetl 
bypMs:mgabightthrougha.bowliue toopattheendofaropeiscalled 
a running bowline . 

'l'ooecuretheendsofropestoap&rs, plcketa, &c., ort<Jotherro()t'S. 
thefollowinghitchesa.reuoed:-

Clove hitch (two half-hikhes) (P laro 104, Fig,,. I and 2).- Gencrally 
usWfortheoommenoomcntandfiniahoflashings. 

T imber hitch (Plate 103, Fig. 9). - For holding timber, &e., Where 
theweight willkoopthehitehtaut. 

T wo halt-hitches (Plate 104, Fig. 3).-For making IMt the running 
endofaropeon toitaatandingpa,rt. 

Round t!U"n and two hall-hitches (Plate 104, Fig. 4).-For 
belaying (or making fa11t) a rope w that the strain on U,e rope ~hall 
not jam the hitch .... 'l'his will l>e used for ruakingfaata rope to a 
bollard 01· anchomg~. Should the running end be inconveniently 
long , abightolitshouldbeuaedtoformthehalf•hitchea. 

Fi• herman' • b end (Plate 104, :Fig. 5).-For making fMt when 
there isagive-and-takemot ion, e.Q.,forbendingaeabletoanancho,·. 

Lover hitch (Plate 104, Fig. 7).-For drawing pickotl! by a le,·er 
and fulcrum fixing tl,erounds of a rope ladder,fiiing bars todrag
rope-. &e. 



MU> l>arnan l>itch (Plal-8 104, Fig. 8).-To form a loop on & drag
ro!)6 which will not dr&w tight; the loop being of " •i,.e to 1•- o,·er 
&m&n'••• n·,. 

Bunning knot (Plate 104., Fig. 6).-To form a loop which will 
draw taut round an objoot. 

Catapaw (Plate 105, Fig. I ), or, 

Single Blacl<wall bitch (Plate 105, Fig. 2), or, 
Double Blackwall hitch (Plato 105, fig. :'1).- To s,,cure a rope to 

&book. 
Draw l>itch (l'Jat<: 105, Fig•. 4, 5, 6).-To •ecun, boat'• paint<:r, &c., 

to a poot, ring, or rope, so tha t it can he i,utantly rolcased. Thio knot 
will •t&n<l a givo-and-t ake motion, &nd can be instantly r,-]~.....,d by a. 
jcrkonthorumringend. 

Magnua l>itch {Plat<: 106, Figs. l &nd 2).-'l"o maim fast to 
round spani when much friction i• n"""611&ry to preveni •lipping. 

BoUlng l>itch (P!a.1-8 106, Fig. 3).-To make h,.t a '°I"' end round 
anobjooto,sc.,uroaropetoahook. 

Stopper hitch (Pla.1-8 105, Hg. 7).-To tr-ansfer th~ ijfrain of 
one rope to Mtother for""" on ocoasions wl., :, it i• nooc,,Mry to slift 
the atr&in off,. rope temporarily. 

73. La..Mng~. 
I. A .-ack lash in g coMiat! of an S-foot length of l }-inuh rope, with 

a rointed stick nt one end. It iJ, used !or fastening down rib&ndl! 
,.t the edge _of the roadway of hfidgea. 

2. Square laahing.- To 1Mb one sp.i,r a.qu11,n, ""'°"" &nothcr, 
commence by a clove hit<:h on ep.i,r (a) below (b) (l'late 106, Fig. 4), 
and twist the end .. together, c&rry at least four turns round the sp&lll, 
.,, •hown in figure, keeping ou!Jlide previous tUrnB on one "P"' and 
in.,ide on the other; two or morefrappingoreroea turns are then taken, 
t~ eornclll of the l""hing-1 being wdl '"beat-On in" during tlrn process; 
fimsh off with two h&lf-hiteheo round the moot eon~en.ient •J>l'-r. 

When the sp.t,ra aro the l~g &nd tranwni of a tre,;tl~ <>r frame, the 
clovohitchcs•houldbeonthe leghelowthetransom,andthehfil,inga 
should hefinishcdoITonthetra.ru,omollt,,idetheleg. Wl,~n the ijl"''" 
are J~g and l<i!ger, t he clove hitch should be on the lrg above the 
lodger. 

3. Diag,onal l ashi:ng.- To la><h two spa,u together t hat tend to 
opting apart. Regin with a timber hitch or running bowline round 
botl, spa,rs and dr&w then, together, then fake Um,e ur lour >urn& 
acl'0$8 each fork and finish with /rapping tums and two half-hitehes 
(Pl,.te 106, Fig. 5). Wl..,n the spars &re not horizontal, the !a•hing 
should be lini,hed off aho~e the jull(ltion. 



tigttti:;11:hi:;~g•;h:;t:r,,w;~l~~:~~~J:t~~ :~d~:eninu:~~o\~: 
ing,and ahouldbedriveninatthetopofthelMhings. 

6. H~mp-rope laahinga aoon beoomo _IOO!!e, and reqnir,_, frequent 
re·malm1g. Wiro l!shin~a should be used 1n their place when pc&ib!e. 
Theso e&n be ma<lo ma. s1mila.r way to hemp.rope Ll.shings; hut, unleM 
st.1.ples are a,vailablc, the wire •hould be finished off round a oet of 
return,, , and jammed betw..en them a.nd the timber. H is of little 
usea.ttempt ing tofinishoffonaround apar. No. 14gauge•tedwire 
maybetakentohavea.quartertheatrengthof2-inehcordage. 

6. T o lash a hlo~k t~ a spar~The back of the hook is laid agairn1t 
the spa.r, :,, clo,·e hitch 1s taken round tbeaparabove the hook, then 
Rcveraltumsroundthehookandspa.r,andfinishedoffwithtwoht.11• 
hitd,esround thespar below the hook (Plat-0 106, J,'ig. 6). 

;. To mouse the hook of a blo<:k talre some tums round it with 
apun ya,n or ""ry light la.shing, oomniencing with a c!-Ove hi t"h on the 
hackoft hehookandfinishingoff\\ithoneor·twofra.ppingtornsa.nd 
11,r,_,efknot{Plat-0 t06, Fil\".6). 

8. To HIZ& the end of a rope to the aUnding 1>art with r,pu11 yarn 
or string, make a clove hiteh round one of the rol""" with the •pnn 
yam nea.r its centre, taking each part round hoth ropcs in opp:,,,ite 
directions, leaving one end long enough tomaketwolr11,ppii,gtu..n• 
between the ropes, and tie the two ends with a reef knot (Plate 1015, 
Fig. 7). 

9. To whip 11, rope is to tie a pieee -01 twine ro1md the end to prevent 
itfromuntwistingandnnfraying. 

10. Fishing aparS.- To fish apars is to strengthen them, hy la.shing 
otherapan par&llel to them. 

The fishing •1>ara should be _against t~t<> apar to be fished, "" !hat 
theymaytakeoffasmuchatramandbemasd0110conlact11sposs,hle, 
and the lashings muet be tightened with we<lg ... The l&ahing rope 
orropeahavingbeenmadefastbyoneeud heinglaidalongthespars, 
so R11to be covered hr the reto111a, are_tbcn pru,aed round and round 
all the spars non), a.s i t were, one •par is formed, the en,! bei11g made 
fast hy taking the last four or five returns ':'the,· ~lack, the end then 
pasae<l. hMkwards under them, the return• tlgbt<ened up and the eh.ck 
hauled through. 

Severalaeparatelashingsmaybeappliediosteadoloneoontinuoua 

I. Drag-ropes for general serYioe aro of two n~t""'"• heavy, 
~-hich aro of 3-inch ":1t1te rope, 5 fathoms long, end _hght, of 2-inch 
whit<> rope, 15 feet 6 mches long. A hook i8 spiked mt-0 one end. 

2. SJings aro made of rope, wi"e or d,ain. Rope olinga are mado 
by splicingtheendsof aropetogct.her. 



Rope a.ling• are dcoignated by their cir<0urnference in inches and by 

th1~ ~~ti:~g f;;:~·~~;;i1h:uJ.,:t:,ii,:,,r•;~e:1·~•tc~:1a,amder of 
the iron of whi<•h it ia rnadc. 

Chain &ings are much heavier than rope alinga of sim;Tar ~trt'ngth, 
buttheyaremo1·.,duraWcandfreefmn,otrewh. 

7lS. Holdfasls. 

L Th" artificial boldfaat.o n,011t ir"'l.uently uaed ait pitket, baulk, 
&nchor, or buri<'!d hoklfasta, 

2. A picket hold!ast oousisU of one or more pickets drhen into 
theground(Plaw 107, Fig. J ). 

The uaual comhi11atioru of picket, a re I.I, 2.1, or 3.2.l . 
3. The oale •= with 5-foot pickeU driYen 3 f~ into good 

ground are:-
Single picket ... 
I.I pick~t holdfa•t 
2.1 ., 
3.2. 1. '' 

In the eas,, of the I.I pickets ,,.,oo_ with a. baulk_holdfost, if spa<XX\ 
JS inohes "-!"'-rt along th~ baulk (Plate 107, F ig. 2), each of the 

);~~tc~~J" :,.;, ::e":t~~::'1 .. ,.~~u: i:::~,~t~· ;,;:'."' with 6 pickcte 

4 . .Beforedriyingpickets, it should be ao,:ettait1ed, by plan or other. 
wise, that cables or pipe,, will not be interkrod 11 ith. In driving 
pickeb! of diff.,,,,nt ,i,;.,., t_he •trong€ilt ffieuld be ne,.,..,.t the weight, 
and at right &ngl"" to the dn~ct ion of atratn ; they aro groupe,\ thuo :-
3 in front, then 2, then I. 

The "Y"" of the, pic,ke\.!I thould be to the front. l'ic.kct.s shouW be 
,drivenatsuchaili,,umceapa.rt.tha.t theanglcbctwce.o.theh,.•hingand the pickeb! ia :.ppro.>:imawly a right angle. The ~t"""' "hould alwaya 
be applied dose to the aurfa«, of the ground . In la.shin,;: picket,, 
togethci\ mal.:e fa,l tbe lashin;, rope to the ],e,..J of th~ front picket, 
and lash to the loot of that behind, !lnd frap next to the larger, so .,, 
to get the retun1s of the lashing !Ill dow togoth"1' as 1>0saihle. 'l'o pre
vent tho lashing slipping up, s collar of spun yam may be applied 
roundtherearpicket<iabove tho lashi,.g. 

,5. In drawing all picket.. c&ro ahould be taken that th"Y '!Ire drawn 
eut in the aame line a., that in which tltey have OO<'n driYcn, otherwise 
they may be broken. 



6. Agoodmethodoldrawing5.footpicketsbyusingastoutl2-foot 
or J4.foot pole a• a lever is as foUows :-Place a wooden block in rea,· 
of and adjaoent to the_plcketato act as thelukrum(&ee&c. 76)and 
thepoleagamstthe pickeu,,~othatone !'<'ill/ionthehlockand the 
otheronthegroundinfrontolthepickete . 

l'~adovehit.,honasoltdrag-roperound_theleverandpiekelil. 
mke m the slack an~ l"'8" the ends round the pickets in opposite dire<J• 
t,ions two or thrN> times, twist \hem t-Ogether, and hold on while th<' 
le,·erislifted. 

7. A fonher ea.n be employed in drawing pickets as follows :- It is 
run up with its hook immedia.t_elJ in rear_of the pickets to he drawn 
~nd thepolernised. ~clovehitch,mademtheceutreola.drag-rope, 
1s passed round the picket or p1c.ketslow down; theenda are pail~d 
round the hook in oppo,iite dir«:tioua two or three times, twisted 
togetherandhddon t-O· Acoll&ro!•punya,nroundthepicketabove 
the clove hitch ~eeps ,t from slippmg up. On the pole being pul led 
downthepickct,sdrawn. 

8. A baulk holdlut (Plate 107, Fig. 2) may be made hy driYing 
a row of pickets, pl11<:ingahea,·y baulk behind them in sueha way 
that it bears evenly a,ga.inst each picket, driring a •e<>on,l row of 
piek~t.. inunediately in rear of the fo'llt row, 1111d J,.,!l1ing t h" plchta 
as shown, the picket<! should be at equal distan~·on either side 
of the centre of the baulk. The baulk is incliued by sinking the rear 
edgc,inordertogiYe!lfairhearinga.gainstthepickets. SnftioientsoH 
isremoved-to allowofstrapsorrope,,pa.ssiw;':roundthebaulk. 

0. Whenaburiedlog(Plate 107,Fig. 3}isusedforlargcslraius, 
a,(renchisduglongcnought-Oholdthelog,andthecabl,,;sgi,·fnone =t= a~u~h';'a::!1:! ::1~h~~l:_'J! ~t~;~n~n:":.'.~':. i~i!'.'.1:m~;'.i 
to the standing part iu two or t hree pl11<:.-s: The method of calculat~ng 
the depth of the trench andtheprecnnh0Mtohetakenwhenus1og 
thisanchoragea.regi,·cninMilitaryEngineering,\'ol.JII. 

Th~ b!r ;::; i:.:.:$t !8: :::!rk;,f o~::;t: a:1:>~1:: ~::i,c~~i~ 
toextra.ctua.ils. 

2. The point ahout which the lever turns is ~ll~ the 1n:a.c&uM. 
T he dist&nce, !rem the fulerum to the points of application of the pow~r 

a.n:. ~~i;; :;: t"::1o~:~e;~h:"i~,:;_=terlever respectively. 

Finlt order.-Whcn the fulcrum is between tho weight and the 

power. + - ~ lover- x eounterlevcr----+ 

'11,ehandleofa.\iltpumpisan exampleofaleveroft.hefiratorder. 



i,eoo!l(j onler. - When the weight ll! between the lulc,-urn and the 
power. 

p 

++--
f""<-countt'deve,➔ t,,. 
w 

A wh.eelba.rrow i,, an eumple of,. ]ever of the o;eoonol on:ler. 
Third onl.ec.7 Whcn t he power i• hctween the folc1111n n,ud the 

weigh\. p 

~ke-:--==-=t.-ooun!<,rl~m-+ + 
w 

The elevators of a H.P. mounting form an example of a lever of U,e 
third order. In thll! case tho gun i.o the weight, the pown ;,, ,.pplied 
hy the l'llm :,.nd the pin• of the elevator are the fulcrum. 

4. The power, P, required to raill'-'" weight hy lever is-

P = ~ 
\rhc re Liathclenglh ofthelever,Cl,i• thefougthol the e<>untcrlever. 

77. Str"'1gl/i ,rnd •iit of wrdae,, &,c. 

1. The chief re-1ui,ites of rope are strength, supplen""" nnddursbility, 
•er,·ice rope• are made of hemp, msnHia._fibre, and coir : of these hemp 
i!, the atrongcst and must reliable: it 15 l&lUed whit,, or tamxi. 

M"1lilla •tanrls cxpoeuro to westher and damp hctl.,,· than hemp, 
and dOl'I! noi kink "" much, but cul8, where knotted. 

Coir ia wry weak hut light. It will floo.t in w&ter au<l doos not rot: 
i t is ~uitablo for towing putp0801!. 

:?. Und,.r ,. b~,svy •tress 8 11ew rope e,:hihiti< a knd~ney to unlay 
it~lf, "1Jd "° to twist: new I"OP" mu•t the1tloro be stretched \,,fore 

To uncoil a new coil of hemp l'OP", I"""' the end which is at t.he core 
through theootatotheoppositeaideand draw it out; thetums will 
thenruuoutwitbo11tkinking 

A new hemp rope, when aubjected to it.a working ot.re&;, will sta:clch 
o.l>Outone•twentiethof it,, length. 

Cordage must be n:turned to atore dry, a.nd !illoukl not be coiled 
down in a.wetoondit ion. 

The following prooautioM •hunld be ob,ie,•,•ed when workiog with 



ii. A rope cipoocd to chafe a.hould be "paroeUed" by wrappmg 
1t m canvM well da.ubetl with tar a.nd bound with spun 
yam. ' 

iii. R-01""' abould 1U1 fa.r"" P"":"ible be kept from chafing ag,,inst 
abarp edges by int<:rpoamg rollen, or band.spik""' 

iv. Rope which hru; ooert thoroughly satura.tOO. ahould not be 
expo;red to a. greatcr strc"" than two-thirds of what would 
otherwise ha,·e been ite safo working stff«t!, 

4. The aite of ., rnpe ia deiwtOO by jts cirournfcrence in inohcs, and 
its )lfilgth iil ~iven i" fat.born• (a fatboru ia 6 ~e-ct). Cordage is usually 
U!eued in coils of l lll latho inij, ,md steel wiro :rope• in coil s of JOO 
fathoms. 

$. White :ropo new is 30 per ct:nt. stronger than tarred haw,..,, rope 
and 20 per c,,n t . stronger than tarred bolt :rope. White rope is aIBO 
moro reliable, since it is made of the i-t Italian hemp. 

Rope when wot shrinks, and when thoroughly saturated is weaker 
than when dry. White rope may !DIM! a third ol ita strength if ..,,.kcd 
for two or throo daya. 

6. Working at.re11■ .-If Che the eireumference of a. rope jn itiche&
i. For unselected cordag,,, C' cwte. 

ii, For white service rope in good condition, 2C' cwt.s. 
ii i. Forsteelwiroropc,OC'cwt.s. 

7. The strength of wire varies greatly; Ma. very: rough mlc it 
may be ta.ken that the breaking weight in pounds oquals t h r;,e time, 
the weight per mile in pounds (Appendix IV. , Ta.blo_XIJ). Thi$ 
rule holds good for ir(}n and hard-drawn copper wiro, while steel win, 
ma.ybotakena.sabouttwicea.s atroog. 

8. Strength ol la,,hing,, ~ l'he aafc holding power of cordage 
]"l!hings is t of the working s~resa of cordage multiplied by the numkr 
of returns; with wire lashings J! of nfo streea of the wirefl. The,ie 
fraction• are to allow for the unequal atmining of the oordago or wire8. 

Thns a gq_uare lashin~ giv"" lo.ur ret= for ea.eh complete turn of 
the Ja:,hing, so that a aqllilre lashmg of four complete turns of Jt -inch 
hempcorda.gohMastrengthol 

}x16 x(i)' =2Hlcwt11. 
To find thennrnberoftumsrequired tol""h" blocktoa ~p,v, mulii p!y 

the str«.s 011 the block by l½, and apply t.he a.loo"<"e ru!e, The f,wtor, 

~fi'.e!~i~: ~)1;~1:or;:.: :t;"~~~:~u0~!1
~~ !~~gco=;, ':!;~,i!~ 

t,, lnh; Wock h~virig a p•,JJ of I ton t-0 a •pe.r"' l X 1,1 X 20 dmdcd 

by4 x5 x 2 or 7 complete turut. 



CHAP'n:R XII. 

BLOCKS, TACKLES ANO US.E OF SPARS. 

l.B!ockaareusedforthepurpooeofchangingthedirectionofropes 

o,· .;~!}~:,.::gc~:J\ingle, do_uble, treh!e, &c., according to the nom(>er 
of •heav"" which they contaw, The ahea,·c• revolve on " pin, wlud, 
ohould be keptwdl lobric&ted. 

Snatch bloclu (Plate 10S, Fig. I) &re oingle block• with an OJl"ning 
inoneoideofthe ehell.toadmitaropewithoutpassingitsendthrough, 
Timopcningi•closed by&hingedatr»p. 

;/, A !all is the ntllnegh·en to the rope with which the tackles are 

.,~~hewtru:>dlngendofthefalliathefixedend,theot-hcrtheru1>ning 

A return is any pe.rt of the fall bctweon two blocks, or between 
u,~ ends of the rope and any block, 

Tooverhaulthet.a<:kleli!toaeparatetheblock.s. 
'l'o round in i• to bring them c!°""r together. 
Theblocksaresaidtobechocitwhcnthcyarebroughttogether. 
To rack a t<Wkle is to fa,;ten two oppu,ite returns togetl,er, so that 

the blocks ma.y retsin their ,..,JaUve position when t he running end 
isletgo. 

3. At-acklei•rovebytwomcn,backtoback,6/eetapart; the blocks 
shouldbeontheirsidesbetweenthernen'•feet.,hookstothefront&nd 
the coil oftherol"'to the right oft-ho block at which there are to be the 
grea.ter number of returm. Beginning with the lo~Mt she~ of thi8 
block. the end of tho fall whichio to he thestir.nd,111! end'" pa_,.J 
ouccessi,·dythroughtheohea.veafromrightto !efta.ndthenrna.defa.•t. 

4.Tooverhaula.heavyt-ackle:-

The block from which therunningendco,neooffli!madefaatto 
'>Orne ho!dlaat,a. ha.ndspikoia placed through tho hook or 
ahack!eoltbeotherblocl<,and&dr"!lropem&dela.sttoit. 

Tooverha.uJ thet-acklo the handspike and drag rope,.,., manned, 
whilotoneortwomenoverhaulthereturnsfromtheatanding 
block. 

Roltnd!t>ginlatheconverse: thenomberoonthedragror.e and 
handspike b&ng back, whit..t a. few numbers heave on the 
running end. 

The lumdspike, both in o,·crha.nlinga.nd rounding in, ia to keep 
thetackleoutofthedirt, which wooldclog th~shea,,•ea. 

5. In using tackle grea.t care must be to.ken to prevent it from 
twisting. Thebestmethodiatopla.ceahanill!pikebetweentheretunll!, 
f::'utobc ~~rl~::.~le block, with & r<>pe to each end, by means of which 



79.Tad/u, 

I. Various tacklu are ahown on Plate 108. The sirnp!.,,t fonn of 
tacklei••_whip, thatio,aainglerno,·ableb)ock.ro,-ewith aropeone 
end of which 111 atta.ched to a holMMt-, whole the other i& hauled on 
(:Fig.3). 

When onotaekloia bent to another, thet-0tal mechanical power ill 
theproduotofthe po_wersofthetwo taekles,e.g., ifatacklegivinga 
power of four to one'" bent to a ta,:kle gi,~nga power of two to one, 
the total power gained is eight to one, e.g., whi p upon whip tackle 
(Fig.2) 

'fheoretfoally in any aysten1 of two block8 t he power n,qu ired to 
ralseaweight-, \Y, is W divided by thenumberofretu11111althemovable 
block. Anadditionbast-Obema.det-00,·eroomefrictionand ,esistanee 
-0ftherope@t-Obending. Suit&blet.ackJ.,,form011toper&tion11requin-d 
inthefieldcanbesclectedfromAppcndixV.,Table Il l. 

2. The fall, inliftingheavyweighlll,canrarelybe"-.:,rked by hand, 
but hM 10 be" led" t-0 either & cAJl6lan or winch by which po"w is 
gained and a eteady pull enaured. 

3. lnuaingtack],...withah.,..rf!, ~-n•orderrich, therunning end 
of the fallshonld alwaya be led through a " leading block ., lashed, 
a.11 a rule, t-0 oneoftbe apan, a few feetabovetheground; &anRtch 
blockism011tcons·eni£ntforthepurp011e. 

4. Before ui!inga ta,:kleitshould be!IN:n th11t:-

i. The straps, blockllandfall areingoodcondition. 
ii. Tho hlocks are well lui.>ricatcd and free from grit and ,\irt. 

No block in good working orderahould "eomplain,"' that 
·s,makeano·.,,_ 

iii. The pin• securing the boob or shacklca. and sheaves of the 
blockaremadeflll!t. 

iv. Thestanding endolthefallioproperlyrna.defa.et. 
v. The fall ia free from kinka. rullll freely over the ahcan,e and 

hu a fair lead. Whene,·er po88ible the pu ll ahould lot, 

downhill. 

5.Dnringuseit $hou!dbeoeentilllt, -
i. Whenthefal\ista.utitia1.1otjarredbybeing•truckorbynw1.1 

ii. Th:re.:~~~~o:!~ the block,, are not touched when modng 
unless abaolutely nooeeeary, and then only thoee moving 
away from the block. 

iii. Th~~r~ri;:,.;\~~e8:;~;,~:n~:f7:ritei:t:=~t1::;ft;,~: 
iv. 1'b~ p::w1itinnof thomcn is•ueh that they will nothinjured 

intheeventofanac<:ident. 



"·. w~~: ~:,1:n~na~r~i:u;:n ti'i~er~r:!"tfo:"i{ i:~~t' "° that 

vi. When,.sw,pendedweightiae-.:doffitiadoneuniformlyand 

..:ii. In :1Y~!x,t;.~n working nc .. r the safe limit, of a t1'Cklc, before 
Juving,. weight ~uspended, the 1'.""kle should be eared 
offalightlyalterra,srngorra.i$ed8hghtlyalterloweri'1g. 

Q. Tackle$ahould he carriod an<l not dragged along the ground. 

1. Two t<1.Ckle,iahoulduotbehookedintothesameslingifitcanbe 
arnide<1. 

S. Menshoul,J hetaughttopullt-Ogether•ilently. Thefallahould 
be douhlebankedasthiswill k""p the pu\lin aatraight line. Attho 
cantionuutthe alackiahoveln,andat t he wordheave , they pull 
togetlwra.ndkecpwhattheyget. 

so.Singledariek. 
J. .1 derrick is &single spa.r,,.,tupwithfour guy11 atrigbtangles 

tooneanother,se,,uredtotbetipwitbdoveh.itohes(Plate tOO,Fig.6). 
A block for the tackle i• lashed to the head a.nd the derric~ can he 
used for r&.iaing and swinging a weight into ,myJ)Ol!ilion within ii,, 
reach,wbieh ia about one.filth of its height. Tho anehoni,gesforthe 
guysshouldl:>eat adistanoefromthelootolthederrickequaltotwice 
itshfigb t. Thefootahould heletintoaholeintbegroundtoprevent 
it ,Jippingand shouldrest,onabearingplat,,. 

2. To rai~ a deniek, the apar ia first laid on the lino joining the 
footingand oneoftheguya.nchomg"", with the butt nearly over the 
footing. Afoot•ropeiase,,uredto the butt and t-0 ,. holdfa.st on the 
aameaide of the footing"" the apar is on, and cloaetoit. The four 
g11y,ha,~ngheenmadef...,tt-0tlie t ipandpassedtotheirholdfQSU!,tbe 
tip islift,ed,.,.QighMposaiblebyhand. 'l'hebaekgu~·isthenhaulOO 
-on and the fore guy let out nntil the derri~k ia in the desired pooiti-00. 

3.foearrying aspa.r. lhepartyahou!dbeaqua,llydividedone.ither 
aide of it, Md ai zed fro,n oue end. 'l'h~ spar should then be lifted in 
twomotaonsontotheinnorshouldOl"llofthe mcn. Jn lowe,ingaspar 
thepartyshould•!owlylac,,ir. wa.rde. &ndlowerfirotthebuttemland 
&fterw;,·Js the tip, One man should alwaya give the wo,-,l for lifting 
a.ndlowering. 

81 . s ,,.;ngi~g derrick. 

l . A &winging dnrickconsists of a standing derrick with a a winging 
Rrm atta,,hed t-0 it near ita loot. The tip of thi• aw'.l'ging arm i• 
eonn"')ted t-0 tl,e uprightapar bya oonnooting tackle, and the main 
or lilting tackle is attached t-0 the tip of the swinging arm or jib 
(Plate 110). The upright apa,r is pra,:,tieally the same "" i1 alanding 
derrick, with tlie c:,;ocption that"" it will {Nq_ucntly be crecW at the 



edgeol a.whador otherplacewhereitianotcouvenicnttouse a.fore 
gur, a strut ,,r atn,U mu•t l,e used ins½'ad. A good methol\ ia to use 
two struU!ea.,ihal,o,'.thalfa.slonga.ga.m~thcupright spar,J,.sl,ing 
thcthreetogetherasmag_1·n(Plate 109,F1g.3),andthentoereotit•o 

i!a;1'!~ "!:~d~~tu::;c;_.::;:~:~1~.;:\:i;r, t:;:~~7i:t ~: ·:;~~~ 
wharf. Two guys can also ho used , one overcarh strut in plnu, but 
ae<:uredtoholdfasta&tthecustomar)•distanee; orthre,,guyacanbe 
used , one& backguyandthcothertwosidegoya, butsetba-Ok&bout 
20Q from the edge of the wh&rl, to aJlow room for the loads to be 
landed. ' Ttisimp:,rtnntthattheseguysshoulduot atretchtoomuch,ao 
thattheupright aparmt1.yremainvcrtical. ltill,t-herdore,betkrto 
m"'ke them of wire rope, and in any ca....., a Mkle ahould I.le included 
inthemtota.keupanyelack. The stressin th,....guysi.smuchgreat-er 
tha.a tha.tinguyaforaata.ndingderrickt-0dea.l\\ith theaameweight. 

2. The jib is moat convenimt!y forme,d of two span, la.shed togctkr 
at their _tip, a.n(l i!eparakd at their butt~ t-0 a tlistan"" a.bout <'<Ina! 
t-0 t he diameter of the upnght, spar. 'l'hey a.re la.shed about 12 
or 18 inohes from their butts to a stout cross-pie<:<', and the end t!n,~ 
forme<I enolrde11 t he butt of the upright (Plate 110). The jih ia 
supported bya length of chain secure<! at its centre bya clot'e hitch 
roundtheupright,antlpreventedfromdOSC<'lldinghyacollarofrope, 
1111tl ea,ih end ae<:ure<l t-0 oue of the arms of the jib. The latt,-,. is 
em;bledt-0swingun<lerthecontroloftwoaideguysorrcinsattached 
to its tip. The lengt!, of the jib may beofthosamelength as the 
upright. The inclination of thcjib cau be altere<t by the conne,,\ing 
tackle, and the radiua of its cirde of operation is t-hus tlew,·mined. 
The weight ea.Ii be JiftOO or lowered by the main tMkle and the jib 
swung by the reins. The jib Clln only be "":ung right o,·er the edge 
of the wharf on thatsideoltheu1uightou which11Tethe!~a.dingblocks 
of the main and connecting ta-0kle. lfh is uecess11,rytoswingboth 
wa.ya, tluplicaWleading blocks for the falls of these tackles must be 
provided. 

3. It must be noted tha.tthc weight must be allowed t-0 hang vertically 
fromthetipofthejib. Jf itiahauledt-Owardstheb~ttofthostanding 
a.par,thethrust onthejibisgreatlyincreased;if,tia.hauledaw111y 
from this butt-, the at- in the back guy and conuectrng tw;J<le """ 
lacgely iuc...,ased. If the weight hrui to be brought in otherwiile th~n 
byswingingtoalla.nk,it_Bhould be done by raising theheadofthcj,b 
bymeanaoft,heconnoot,ngtackle. 

<l. Thenumberofmenrequiredtocroottlerrickst-Oliftweil(btaupto 
4 tomisfrom20to25. 

I. Sheen requi"" only two guya-" fore" nnd " ba~k." They 
~hould be fastened t-0 t he lega "hove t he cnitch hy clove hitchea, tl e 



llaekguy to theforo •P"''· and t~c• """",ooth&tthcir&ctio11 may tend 
to draw thcspa..,.ck•;e,· togcthcrandnotstr&in the la.shing (l'latc t09, 
F ig. 2). The minimum diij\.anoc of tl,e anchorages from t he legs 
ohould 00 d ou ble the height of t,he sh""rs. 1'he nppet block of the 
ta<:kle ia )1<)0k"<i to a. sling of rope or chin passed over the crutch. 
Sh""rs ean, as a n1Te. he w,ed for hMvier weight~ than derricks, 1ml 
ran only m<>vethe ,n in a vertical plnne pa.as ingbet»ecn the legs. The 
feet of sheers must. he secured o,· let into hol"" in the gro und . The 
dista.11ce&pa1·tofthcleg:1.J,onldnotbemorethanone-t bird the lengt h 
of t he leg up to th e crutch , and the sheers ahou ld not he hooled oYer 
more th!l-no11e-fil thoftheirheight. 

2. rn order t-0 hsb the leg.a t hey""' laid •ido by "id~ oo a skid, and 
kept ~ inch"" apa..l't by a w«l~- The laehing i• corumcnocd with a 
clo,·~ hitch on one ~pac, CBl'fied six oc more time• upwnrds n,und holh 
$p<1rs without riding, then two frapping turns. and finished off with 
two half bitchooronnd the otherspar(l'late t09, Fig. I). 

83. Gyru. 

I. ,\ gJn eonsist.s of t-hrec aP""' laehOO together at. t he tip;, the 
bntts fonniug an equilateral triMJgle on the gn:mnd. H requires no 
gup h1tt"811 only b., w.edforavertic&l lift. 

~- Tn o,dectolnsh the leg•, the spars a.re laid nn a skid, a do >"e hitch 
is madooaoneoftheoutside spars, ~ntl t ho lashingtakcn loosely ove r 
and 1ui,l",· tlietJi,..,espnrs8i0< or eighttime•: fmppingturns,.,.et,.ken 
, ound tho lashing between each pa.ir o.! • pnrs, finishing off with two half 
hitchc~on the othn onte.id.,spar(Platc 109, Fig. 3). 

3. Thet1l"0(}11toi,le sparsarothencr0/l/led untilthe,list.a.noo!,.,tween 
t he bntt, equals half the length of the leg , a ledger is lashed acroM 
u,,...,, _two spars about I foot from the gn)llnd. Th~ gyn iR lhtn rai.sed 

1~':;",!,_t he centre spar as & "prypcM," a nd the two remaining ledgers 

nf ~i,o~~·t :::~1i'.: k~~o~::;~';.,'~)~'T~·i:,;1ti:~l:-0= ,:~;~:~: 
tJus gy" w<"lghs 2 cwts, ia mRde of •t""l and consist<, ol lwo eh.,.,ka, 

!!J":\~1~'.~hdfff~~t;:/~~~~• ";fe" et:~~\::":: :r t:t~i::; 
,.,,.!a for a bracing ro11e. When ei=teJ for uae, the cho,eks should 
he 8 fee t a.pacb, anol the loo~ of the pr,vpo!e 12 feet fi"-Om tile che-eks . 

.'.i. Point• to be observed wl>en working with gyn& :-



tho cheeks the maximum load putonthegynmuatbeeonsiderably 
reduced. 

iv. The height of lift can be increased by placingthefeeton planks 
or •kidding. 

v. Thegynahould~pJ,..,ed.withitsheadoverthecentreofgravity 
of the weight t-0 he raISed, except whero a awing lift is required when 
the head of the gyn should be OYer a point midway between the points 
at~htch tho weight h~ t-0 be picked upanJ_Jowettd. 

v1. A "'-"'J>ended weight can he hauled straight towards the centre 
ofthech_eek~ or to_wards the prypole without risk of U)/ll<lttingthegyn, 
buthauhng1tt<:>e1theril&nkor takingaswingingliftisliable tocauM 
thegyn tocape1zeandshonldonly be done with thegrealeflt caution. 
1n no case should the lower block beallowOO tooomeoutaidetheline 
joiningtheprypoleandcheek. lfacons.ide1·ablellWingli!r"'!ui~ 
hgh tsideguysshouldbeathwhedto1hehcadofthegyn,orthech,.,,ks 
lasheddowntopreYcntthcmrising. 

rii. Bcforetakingtheweight-,thefootoftheprypoleahouldOOlashOO 
to the cheeks. 

,·iii. A gyn should not l,e left standing on pavement. co,icrele, or 
anysmoothaurfacc,thoughtheremaybe.,noweightauspended,without 
securingthefcetfromslipping. 

ix. Anyalipofthefal\round thewindla,.,,,called"aurging," ~honld 
becarefullyguardedagainst,asitmayincr;,ase thest,•eflllontl,etackle 
and thegynMmuchas50pcrcent. lfthewindlassissliJ>pery,orif 
workingtoa.clooemargin, extra turns should betaken. S&nd or grit 
should never be a.pplied to,. wiudla.ss. 

x. Stea.dying ropes or \ac.kles should always be attachOO to the 
wdghttokeepitfromswingingwhcnra.i.sed. 

84., Size of limber, /ad:k8 and roP£•for derrich, ,h. 

1. The design of derricks, sheen, and gynsdepends on the weight,, 
the height t-0 which it li! to be lifted &nd the store, aYililable. The 
length of the •pars must be suffide1!l_ to allow fo~ the le~gth of sl(ngs 
andforblooksbecoming chookinadd1t1ontothehc1ghtwb1chtheweight 
ha.stobelifted. Atacklewhenchook•a•blookwilloceupy4or5feet, 

Tn the case of denicks and sheers the distance from the b.s.<,e &t 
whichtheweightha.stobepickedupmaydeterminethe height ainoo 
thisdist&noo mustnot exceed}oftheheight. 

2. The stressea in individual memben, a.re best determined grapJd. 
cally, hut as thIB li! not a.lwa.y'> poSBibl~. Table,i T, TT, TIT, and IV " '"' 
given in Appendix Y., from which suitable spR1'1!, rol>"" and tackle,, 
canOOselccted. 

3. Example :- .A ,,,,;gl,t of 3 /""a ~ a to b, lifted )0 fut o~ mo•~ 
4 feel hon'zcmtally. Omnpa~t IM princ,pal ..wres reqmred for Min~ IA,a 
wirhahursandwitlf.a/Jland,ngderricL·. 



The minimum height of eithershoore or de nick to the point ol atta,:h
mentof the main tackle i.8 4 hy 5 foot - 20 feet. Thi,, will he sufficient 
to I1lise the ,....;r:ht 10 loot allowing for ta<Jkle11 and sling,!. In boih 
e ll&el the main lifting t-ru:kle i.8 the same, vi•., two treble block$ with 
lf-inchwirerol"'(Ta.bleTII). 

For aheore the streSAOII a.re (Table I):-
ln leg with foading block 3 •9 

l not,her!eg 

Jn hack guy 

Forad~1-rick:
Stl"eill!inspar 

Jn nmninggu~.,, 

Jn other guys 

~ x J•5t-On8 =4·5to11s.· 12-inchspar 
isrequired(T&ble ll ). 

3 X •5 ton= 1·5 t-0"" .·• two treble 
blocks with 3-inch cordage &re 
suitable (TAhle TTI) • 

.. , 3 X ·3 ton - ·9 Ion.·. 3-inch 
oordageuseddoub]ewilldo(Soo. 77, 
para.6). 

A ,derence to Table IV ahowa t-hat, while wit!, the ahff•~ a cap@tan 
or willeh will he """"""""Y for lifting ta,:kle and Mek guy "ith t.1,0 
derrick, the guy~ can be manlpulat,,d , ii neo,,uary, hy hancl power. 

NOT1;.- F1um th e ta.blee square baulks and other aystems of ta,:klea 
canre&dilybcaclccWtoauitthe~tore•"-'·aila.ble. 

CHAPTRR XII I. 

ROAD BRIDGES AND THE P.\SSAGE OF GAPS. 

86. Olatsifioolian nf !,ri,Jgt~ and o/ !he mo.ttrfu/$ o/ which 1/<ty art bui/1. 

l. Road bridges may be required in a theatre of war :-

i. To supplement exiatiug bridge,, l!O "" to enable the roads to 
carry t hcincreage,\militarytraffic. 

ii. TocnahleanarmyVJ forceacroseingoveran ohstnelcin the 
faceolul'!'OSit ion . 

iii. To repl~ee Lridgoa de•troye<l. 

10 
2ti,~::J!1:i:~~~lie~ 8~:t~;;:;iti~:::y ~ clae.,ified nocordi ng 

i. Lighl.-To c=y cavalry, infantry, fleld arti llery and first line 
lt.m.,po.-t. 



~!· .Medium.-'fo carry medium .artilfory, !orriee, motor buses, &o. 
\~: #a':?~T!:;::;h~::;~~~ny antl "Jl""ial heavy vehicle•. 

J.ightbridgesareofthreetypt"s:
(a) lnfanlryfootbridges, 
(h) Packl,,-idgesforpackanimal•. 
(cl Artillery and transport bridges. 

3. Material.- The material for ma.king road bridw-.s consists of: 
i. Themebile(pontoon)bridginge.iuipmentoftlw,army. 

ii.Certainstockspanbridges. 
hi. Snchm&t-erialaaa may be obtained looally or from engineer 

4. Us-a J":!::terial&.·-
i, The pontoon equip1:1ent is primarily intended for the rapid 

constrnction of hght bridges for the tactic:.] (:rossiugs of 
riven,, canals, &c. ft mo.y be uoed also for medium 
and heavy bridges. This bridging rnateria!a!Jould not be 
&!lowed torerna.in in bridge longer than the !Jwticalsitua• 
tiondeman.-ls.butmw,thereplnoe<lbyothntyJ>""lofbridgeii, 
so that the mobile equipment may be alway• available 
for ta,,tical cros.,ing,,. l ns tn,et,ona for using t,his equip• 
mcntaregiveninMilit.aryl::ngineering, Vol. I H. 

ii. Stock span bridges, t,;,gcther with maWrial for the 1>iera, 
areheldi11engineorparks. Theyo,resteelbridge,,de•igned 
tomeet theroquirement,3ofspeedi11eredionandlightn'-"'• 
ol individual parts for tran•port to the site. They are 
mediumorheo,vyb1idge6usedtorepaira11dconlJ>letethe 
communic&tionofanadrnncingarmy,ortosupplement 
existing bridges in caije of~ pos~ib1': retirement,. Only a 
limited number of the.,e bndge• '" hkcly to be a>"adab!e, 
so that they will~ us~d only when a ~ridge ia roquir~l in 
the shorte<;t possible tune. 'l'he emotion of tbNe bndge• 
ia de$<.lribed in Military ~Jngineering, Vol. III. 

iii. Bridges can be rnnde of lllany types out of looal materi~ls, 
supplemented, if nece11suy, by timber and rolkd steel jmets 
from enginl'erpo,rks . Exceptintheco.reofmfontry foot 
bridges, which will be prop-1red l>eforeh~nd for_ & p,~r
ticu!ar operation, th011C bn,;4:es l'C'.l"ire more tune.for 
erection th.~n t he othor types, but will be built .when timo 
and local re•ources admit, so that tho ato<::k apan bri~~ 
maybe&v& il &b lewhenrequiredforurgentwork. 

86. Can•i4mUim,s afluii~g tM p,Milion of blldgu and IM OTTO"'.J"Mrnl 
efbridguandapproaehujor(ISsau/J.ingaao1,agap. 

J. Locality ol bridgn.-Light bridges will be sited .~ccorJing to 
t:i.ctkalrequiroment8; medium and heavy bridges .\e<:ording l-0 the 



The minimum hdght of either 8h""ro or dMrlck to t he point of attach• 
ment of the m..in t""kle i• 4 by 5 f.,.,t = 2{I feet,. Thia will he sufficient 
to re.i,,e the weight 10 l""t allowing for t~kle.i an ,l olinga. l n ~th 
c.....,, the ,na.in lilting t-a.dde ,s the $&me, nz. , two t reble bl""'h w,th 
li•inchwiroroP" (Tahlelll). 

Foreheetsthc•t~&re(T&blel):-

l nlcgwith lea.ding block 

] l) other leg 

Inba<:kguy 

Fora.dcrrick :-
St,e$1jin•p,,,r 3 X 1·5tons - 4·5tons ·. 12· inehsl"'r 

isrequi,OO(Tab\efl). 
Jn running guys 3 x ·5ton - 1· 5tons. · two treble 

b!ook• with 3-ind, Mt<la.ge are 
suit&ble(Table lll) . 

Inotherguys •. , 3 X ·3 ton = •9 ton .•. 3•inoh 
corda.g~u.seddouble will do(Sec. 77, 
para. 6) 

A refereuc,, to Table IV •how, that,, while with the she<"rs a CSJl"tan 
or winch will be nccc8"ary for lift ing tackle and hack g uy wit h t he 
derrick, the guys nan be ma,nipulat e<l , if neee;,sa,ry, by honcl power. 

NOT~.--From the tnhlei, •<1.u aro baulks and other system, of ta.ckles 
can readilybeselootcdto•uit thestoreoa.nila.bl e, 

CHAPTF, R XIII. 

ROAD 'BRIDGES AND THE PASSAGE OF GA l'S. 

86. 0~8ifiai.lirm. of /Jridg,a ,md of 0.e materia18 of which /My art built. 
I . Road bridges ma.y be required in a theatre or war:-

i. To ""l'Picmcnt e:risting bridgeo. i,o "" to enable t he ro/1.ds to 
cany theincreaaedmi litary t raffic. 

i i. To enable &11 amiy to force ,. crossing ove,· an obstacle in Ute 
la.ceof oppoeit-ion. 

iii. Toreplacc b ridgoe deatroyed. 

to ~;i::::!1'.;:~i~b~~ ,.~~!!i~•;~i::.~;;y ~~ clossifie<l a.eoording 

i. Light.~To O"TTY o&va.lry , infantry , flel(l ar-tillery and fi,.,t line 
tra115port. 



i!, Medium.-To carry medium artillery, lorries , motor bu-, &c. 

\~: :a~?_:_T!::;;;\::;{:,.~~ery and special heavy vehicltv.. 

Lightbridgesa,reoft,hreetypes,
(a) Infantryfootbridg,,s . 
(b) Pack bridges for pack animals. 
(t) Artillery and transport bridges. 

3. Materlal.-The material for making road bridges consistl! of:• . 
i. The mobile (pontoon) bridging equipment of the 11rmy. 

ii.Certa;ustockspa.nbrid,i:es. 

4
. i~~"S~:~:~:.:may be obtained locally or from enginoor 

i. The pontoon equipmentia primarily intended for the rapid 
Mn~tracti,:m of light bridges for the hwtica.l crossings of 
ri.-crs, canal/I. &e. H may be used 11liio for mediu1n 
and hea.-y bridges. Thiahridgingu;ateri11labouldnotbe 
a\low,;,d t-Oremainin bridgelongertllanthet.'\/:ticdsitu11-
tiondemanrls.butmustbereplacedbyoth~rtypesofbridge,,. 
so th&t the mobile equipment may be a lways naiJable 
fortaoticaJcrosainJ"'. lnstructionslor,u,ingthisequip
ment ""' given in Military Engineering, Vol. III. 

ii. Stock span bridges, together with ,na,terial for the piers, 
arehe\dinengine<.lrpa,rks. Thoyare ateelbridgesdesigned 
tomeettherequiremenhofsp,edinerect,ionandlightnee11 
of individual parts for transport to the • itc. They are 
mediumorheavybridgesuaedtorepairaU<loom1>letethe 
co,n,nullication of an ad>"nncing army, or to supplement 
e:<isting bridge• in ca.w of a, po!l8ihle retirement. Only a 
limited number of these bri<lgeaia likely to be a..-ni!nblc. 
sothattheywillbewiedonlywhenabridgeiarequiredin 
t-heshortestpos•ible time. Theeeectionofth~aebridges 
iadescribwinMi!itaryEn,gineering, Vol.llI. 

iii. Bri,lges can be made of n,any tyl;"'s ont of looal niaterial~, 
supplementcd,ifnecessary,byt,mbEruulro!!cda!eeljoiats 
from engineer parka. E:<ceptin thecaseofmlantry foot
bridges, whic~ will be prepared beforehan<l for_ a pat• 
ticular operat,ort, the~ bndges require more ttme for 
erection than the other type•, but wi!lbebuiltwhen t.imo 
and !ooa\ resouroes .~d mit, so that tho stock span bridi,<e8 
maybeavail~blewhenrequiredforurgentwotk 

86. Con-<iderolion• ajfuting the pwiti-On of bri4gu a,1d IM armngeml'1ll 
ofbridgt8andapprooch,sforMll(li,Uinga,,rossagap 

~iic~f~:~~re:,~c::~g:,~~di:!gha~t\!~e:y w~~~si:!,:f:;t~gt~ 



requfre,nent.i for traffic contl'Ql: Appl'QS\Chcs gcn~rally determi.ne 
tholocalityofbridges,a.slongdH'eI'<li?ru,fromex_istmgl'Qadare<J.u,re 
moretimc,la.bouraudmateria!forthe,roonstr,u,t,onthanthehc,dges 
themseh'ea. A bridge site, however, in the direct line of existing 
appro,whes must be ,...,c,.-00 for the heavie,,t type ol bridge, which 
will e,·entually be built in any loca.lity; t-he sites for medium and 
lightbridgei.tJeingchooenclea.r ofthe aitefor t heheavybridge. Also 
wbenbuildingaaingletraffichridge on existing abutmcnts,t!te bridge 
ahou!dbepl""8d,ifpoesible,clearoltl,eoon_treli~eoftbea_h~tmont ij, 
"° that a second bridge can be hmlt alongside w,th th~ mm,mum ol 
Jabour. 

2. In the case of an assault=•• a go p, the number of t..actica! 
Cl"{lljSings will be limit«! only by the amount of bridgin;i material 
whiclt can l>e delivered at thesit:ea. Vehicles carrying this matenal 
mu~t be giYen priority, but if too many croosings are attem pted 
other t ra.ffic may be w1duly delayed. The infantry crooaings should 
bennmerousandarrangedillpaiI'<l,about5yardaapart-,andspare 
material, equiYalent to that required for one crossing, should l>e 
availab!eateachpairo!Cl"086i11g,,. 

fro~6tl~:;;~~r/2'.1~~-" 1 "l:/:~t:;i, t:~t2 ~~:J. :1 .. ~::;1~n~;'.,0':o.~ 
field g11n8,No.4infantry,andsoon), bothat thecrosaingsandonthe 
forming up line; tapes being laid from the fonuing up line to the 

;:::~"o;i~~::.,r~o~b:~: ~riti:p;:t~csbe J~!:! b!t \t ~f!~i,~, 
""""'u!t. Illumina.tOOaigru,mustbeprovidOOonthoformingupline 
bynight;lightainpetroltius,piercedwith smallholes,oannotbe se,en 
byaeroplanos. 

3. During e. d,.ylight operation anangcmenta muat be made to show 
troops, &c., coming up, which c'°""ings are "in aotion." .l,'lags are 
the bestmethod,one eolourforinfantry,oneforpB<Okurimala,andone 
forgunBand.-ehicles,theyshouldbefixedontbe1inonfapproacbto, 
and 200yard• short of, the cro1a.ing. For pack animals, gun• and 
vnhicles, a "control" line should be established well back from the 
gap and out of direct observation by the enemy, the f!agafor IJMk 
animals,&c.,beiugrepea,t«lalongthelineo£approachesi,.,,ktotbio 
' 'control " line. Animals,.-ehicles,&o.,exoeptgunagoingintoaction 
onthenearoideolthegapandvehicle8withbridgingmakrial, both of 
which •hou!d be provided with passes, mayonlypa811tho "cm1trol"' 
line when the flag of the bridge, which they a.re det:.iled to use, i• 
llying. 'l'hejunctionooltheapproa.chcaandthe"control" line must 
l>e ,•er}· dea.rly n,arked with notice boards, 

4. All ,nilitary bridge,i are, in the first iru,tanoo, const ructed for 
aingletrafficonly, and arrangements must bemade\.O,,.tablishtraffic 
controlsdireetlythebridgei•openfortraffic. Theofficerinchargeof 
coru,tructionisresponsib!eforcrectingt-hcnoceliSa.tynoticeboardo 



(.$«_Sec.SS, pa.ra.10),thetra'lliccontrols for..,.,ingth&t the 
notice bo&rds&restrie_tlyobeyed, Tr&ffic,toohe&vylorthebridge, 
muatbe_atoppedaufficwnt!yla.r&w&yfromthecrossingtoallowof it 
being dirodcd elsewhere. By mght when, owing to the presence of 

:~;:r;c:c:p~::~heo?t1~~ t~a0;,:"c::::r:. b;;;;u=:;t::r.c;;; 
illmmnat.!on are made by the offker in charge of construction: 1.1«,;, 
maintenauceis thedutyofthetrafliccontml. 

87. Se/ectitm of tilt u<ld ~ii• for a bridge una mtMt<nm"'t of the gap. 

I . TheHlectionolth8&xact s ite loro.bridgedependson the nature 
of the hank• and aJ)proaches, the nature of the bed, the width to be 
bridged, thedepthofthegap, &nd,when there isw&ter,it.idepth, the 
strcngthof thecurrent,theprohability&nde:xtentoffloods,&nd,ifo. 
tid&l river, the rise &nd fall of the tide. The he&<lway to be allowed 
over a road or railway is 12feet6inchea; thatoveracanalvariesin 
di fforentcountries.butiagenerallyaboutl2feet6inchea. Inn,1.>·iga.ble 
waterwa.ysprovision must be made fora "cut "of20foot intloa\.ing 
bridges,oralternatelylorswingingbridge . 

2. The approaches at both ends of t he bridge are of pua.nrnunt 
impo,-tance, to obvi&te any crowding on the bridge. Approaches, 
other than th086 consisting of properly metalled road, cut up ,·ery 
quickly, and, if neglected, bee(lme alrnOllt impaS$Ahle in wet we&t,her, 
some form of roadway, eleeper or corduroy (,,., Sec. 111). muat 
be laid down. Timbei· approachea haYe the advantage that animals 
get accustomed tot-he sound before C(lming on lo the bridge. 
Approaches must be ma.de up 80 that there is no impact or bump when 
vehidespassfromthe>1pproa.chesont-0thebridge. 

When ramped appro.-eheg &re necessary, \.he slope for animals and 
wheeled ,-ehicles should not be steeper than 1/ 10; in mmpingdown 
on to a bridge, the >1pproach should he le,·el f~r 3 or 4 yardi< imrue
diately beforc the bridge in order to lessen the 1mpa-0t. 

Exwpt in close proximity to the _enemy the appro~hes m11st be 
clearlyo11tlined by _atout pi?keh pa.mted white; tra<0mg t&pee n,u..t 
be use<! wberethis,aimpos,,ible. 

3. Section ol the g a.p .- A• soon a• the site has been fixed, a ""°tion 
will be ma<letodeterminc the typeofhridge.whichhestauit~thogap 
andthegapwillbodividedintospan,.acoordingtothematena\a,•ail
ableforbridging. 

A,rection istakenaafollows,-
A stringorrope, markedintotheseapanswith knot•ofwhitetape, 

&c., isstretohedMtauta.spos,,.ihlesc~ssthegapat'"shorctran80m_" 

}:::\:t:h:~tio~ ~Lt":OJP b';~~'~:t b!gu~,:: ;,J~i~ ~:::w~ ;: 
l'latetU. :Fig. l,,nuatl:>e!ldopted 
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When taking the oectlonof ri,·el'8. canala.&e., ii no Loot. i• a~ailable, 
somet hing must be impt(l\'ioed to snpjX>rt the man. holding the pole. 
The s ingle barrel raft (Plate 120, }'ig. 2) and the bm>uac sheet boat 
(Plate t 25) aree,rn.mples. 

For bridges with !loating piero nothing more iii neueBBary; the 
&ection will show a.ny plaoo where there i• insufficient depth of water 
to lloat the pi= "·hen tbe bridge i• under ill! ,na.ximum load. In such 
placeAfixedpiersmustbebuilt 

For bridgca with fixffi piers t he mean ,•ertical height of ea<:h pier 
from the foundat.ion or " footing" 1-0 th e le,·el ol the shore transom 
is found from the section ; to t hia height must be added ,-

i. An allowance for "ca.,nber" (_,,, Sec. 88 , para.. 3), 
ii. An a.llowanoo !or "splay" when the piem are tre,nlM with 

splayed leg•; thi,, spla.y equals I inch iu 6 feet along \•he 
lengthofthetrMtlelcg. 

iii. An allowance for 60ft hed, if the bottom is muddy; • \rCjjt]e, 
in softmu<l,providing "shoe11" (.,,, Hee. 91, para. 4) 
h~vn been fixed, will not •ink moro than 12 inch.,.. Tf tbe 
bottom is ,·ery uncvcna&ection for each aide ol at,.,.t!e 
bri.Jg,, will he required. 

88 . G,cnmtl ducriptfrm of 1,ri,/IJU. 
I. T y pe- of l>ri<lge■ .-Bridgeo, whether light, medium or heavy 

ru~yhe,li vided intothMe typ,..11:-

i . Singlesp,m b ridge•. 
ii. Bri<lges with intermediat,;, fixed piem, such a.a trestl es, crib 

picni,pil"", &c. 
iii. Bridg"" wit h intermediate ftoating piers, such as barrel piers, 

log i~cr,i, boat.a. &c. 
·v. A"oml.-nat ·ouof··and ···• 

2. Partaof a. l>rid go,.- A bridgeconf/.Llltaofaro:.,lwaycarriednn 
two or more piors over an obatacle,_or, "'"it is called a gap. The gap 
"'-"Y bo wet or dry. '!'he distance between an_y two pieno is called a 
"apo,n" or ,. "bay"; thu length of a bridgo from ,horetoahore i• 
called the"tot&l span." 

The parts of a. bridi,,e d"""riboo in the follo,.ing paragraphs are those 
of a "light " hri dge. Medium aud hea.,·y bri,Ji,.:,s are d~alt with in 
Milit,oryEngineeriug, \'ol. lll . 

3. The roa<lway (PJ~t-e 111 , Fig. 2) c-0nijisto. of decking cnrried 
on roa,lhcarcrs or h nulk,, which rcat on t r""80ms (t he top beam• of 
t he piers) : the decking i ~ held down by rib and• or wheel-g~ide.. 

The normal width ol r oa <lwa y in tho d ear bet-ween ribando i9 
O!cd. 

The roadw .. y io generall y e,;,natrucled wit h a. slight ri"" t oward• tho 
eentroof the bridge to get loads on to the bridge quietly nnd easily 



and!oa,,siattraffiooflthebridgo;thiBistechnica!lyca!ledthecanilier, 
and1sobtainedbygiYingariaeof l in30for abont30feetfromeach 
end of abridge. 

4, De,;:kingahouldoo1111iatofplanks3iuohestbick,bnt2•inchhard 
wood (beech) road ab.bs may be used if available. Jn all decking 
thereshouldbe i•inohspiu:esbetweeuthe plankst-Oallowfordrainage; 
thop\a.nharenailedt-Otheouterroadhearen,. Thedeckingahould 
not project more than a few inches beyondthoouter roadbearers. 
Straw,rushes, ke., mustbelaidouthedeckingifitbooomesslippery. 
Battens or earth must not be use<l; the former get knocked off ,md 
leavena.ila,wh_iehhtmehon,ea,whilethe]atterbeoomeavery slipr,ery 
nndblockadrama.go. 

5. Roadbearel'"11 may ooru,iat of timber in scantling, !'(IUnd logs, 
rolledsteoljoiat«,raila , &o. Thenumberand ai,.e of the!'(ladbearers 
for anyspanmayboobtainedfro1nAppendi:,:V,Table5. 

Roadbearen, are spaced evenly over the width of the roadway; 
ifthe,vdifferinatreugth, thestrongeatahou!dbepla.cedbeneath 
the wheel tra-0ka. The onter roadbearen, should be spaced 9 feet 
ap,~rt in _the dear. In m&nybridgea the roadbeare .. of adjoining 
bays o,·erlap on the tra11110m; they ahonld therefore be from 2 to 
3feetlongerthanthespan. \Vhenround apal"'ilareuaed,theends 
on any transom must be all buttaor all til"'. Roa.dbearera ehou\d 
be a.p iked to th~ transoms, when tactical conditions permit; other. 
wise lashing11 of wire or cordage may be used; chocks should be find 
onthetra11110mbetweenth0roadbearerstokeeptheminpMition. 

6, Tr-a.n,om e carry the roadbearersnnd mnst be adequately 
aupportetl. ~'or bridgea withapnns up to l5feet, round logaofSinchea 
avera.godiameter,or6inchesby6inchesaquaredtimber,lormauitable 
t ransoms if supported ,.,. shown on Plates 117 and US ; if carried on 
two supporte only they must be oonsiderablyhciwicr (Plate 119). 
Atfanaomahouhlprojectaufficientlyfatoneither sideoftheroadway 
to allow of the thing and strutting of handrail•(~ para. 8 ~low). 

A bankHal or ,hore transom must be provided on either aide 
ofthegaptosuppor-tthcshore•endaoftheroad bearera. A9•inchby 
3-inchplank ,!aidflat ,makeaaawtableshoretranaom{Plate 111,fig.3); 
care mnat be taken that theplnnk "beara"throughoutit.s length, 
and tltatitisseonre\yanchol'eU. Itmustl>epl""';"ata_aufficient 
distance from the edge _of ~he gap to prevent the •ml breakmg aw~y 
underthepre1m,re-- t-hiad1stance•ho_uldneYetbelM8than I f00(.( 111 
chalk , &c.)andma.ybe3or4.fect:1f the sides of thegaparehable 
tocollapse,theymuatberevetted. 

7. R il>and• or wheel-guides hold the decking together, and 

;~lli:~1!~0!~Zf;;i~:~i;~: ~~~~/:l~!ii~i!t~~ 
guides should either butt or be ha.J,.edmto one another. Wheol-
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guideo ohould b~ paintod white, a.nd the shore end;, •played lo la.ci!itate 
the a pproa.ch on to the bridge. A hea,·y bumpmg P;"'t, wclllctmto the 
ground,i•usefulatthe e xtremeendofthewheelgmde. 

S. Handrails (4-inch round timber or 6-inch by 3-iuch sca ntlinj!.8) 
ohould he fixe.l to a.11 bri,lges, except when t hey w,iuld disclose t he 

r;~o:~:.0tt:c bi:~": a~~~:?'1e~':t:~n~t::i:;:; ;oi~~r i~0e~1~d~ 
of the whe.-1-ga i,les, the poet• being fixed on the trarn_,orns and o_trutte,1 
(Plflte 117). Th~s~ l "'"t,, mnat not be less t han 4 mches in diameter 
and should be painte<l white. Screens of canva s 01· hmnchcs, 
6 feet high from t he d ecking , •hould be ~ec urolyfastcncd to the hand . 
rnilo to 1,ro vcnt anim"ls """ing the water or tl,e depth of the gap 
klow them. Fbpping screens are worse than none . 

9. T!te best IMl.enU>ga for bridge work a.re iron fastenings , but 
wireorropclashingom,.y lta.,·e to be used; tltel:itU.raredifficu\tto 
obtain. an,\ a.re the lea.at satisfactory,owing to tho difficulty of keeping 
them taut. 

Ironfaskning,.ma.yoonsiatof d<>g$, opikea, drift.bolt.a, n..ils. bolt,,, 
cha.in!!, &c. W ith do.o;,, the J)(>!ition of ea.eh must be chosen with the 
definite ohj"'--t o! prevent.in<, a. po,a,,ih\e di.stortion ol the Ir-.1.m~. Tbey 
ohould ho on b,nb sid"" of the frame. Do.,, should not be drinn "ilhin 
3 inche• of t he edge or 4 inches of t ho end of a piece of timber. 

Spikea, when driYHO in pa.in<, shou ld incline towards _~aeh other. 'Ihcy 
run from 6 1nche• to 10 incheo in lengt h (Appendix l V, Table 13). 
Spike• with d 1isdl"'iu ts should be drivenaothstthe e,lgcia aerO&! t-he 
~ra.in. 

Drift -bolt,, are m"d o of round iron . J>Oi.uted a.tone t'nd ,-nd wit h a small 
head at the ot h.,,.. 'fhey may be of any length. and a re esp,,<iia.lly 
,~ful for fasl£ning horiwntal timLera to the top and b<>tt.om of upright 
~~:':;, _ Holes slightly ,ma.Iler than the boltll should be ho,,._J to =eive 

10. On the eorn1Jetio11 of the bridge the officer in ch&rgo of the OOU• 
otructionl•=ponsib\ethat:~ 

i. The bridge is otroug enough for the loads which it is intende<.l 
toearry. 

ii. Cono,picuon• not ice boa rda are erect.;.! a.t eithc,- end ol the 
bridge stating what load• the bridge will take; th~se 
not.ice boa.,da muat be supplemented by simila r 11otioe 
boards sufficientl_\' far back on the roads lead ing t o the 
h ridge fo a,llow nf traffi c, too heavy fo e th~ CTOJsing, b eing 
direct.,,! ~1.sewhere. Arr&ni;ement• rn11 st, be made t-0 
illuminate the board• a t uigltt-. " llre a!. , t~p" notice 
l>oardanu..,t a laol>ee reeted at eit herendof th<>hridge. 

bi. A maint enance 1,,.ri_v of adequate •i•c is \ef( !-O maintain t he 
h ridge. This party will improve t he hridg~, maintain the 
&pproadies, and polioe the tra.ffic p,nding the a rrival of 



military policr Hew.ill ensure th~t _tbi.,, J)"rt.y know~ how 
to communicate with him, and that Ltll! not withdrawn with
ont ddinite onlen, from the higher command 

iv. Maw,ial i• ,n-ailal,le on the •pot for repairs, that arni.ngcmrnte 
h,n-e l>een 111&1" to bring up ouch material, or that the 
ma.inknM1cc party know• where to obtafo it. 

;;:a1i~;~;:;~~:t:t;;;:rbli~i::i~ .;,• th::~;I' i,:.. !~~afia~;· "::,;!";,'!;: 
89. Light bridgc- tl1faniryfootMidgu . 

I. Inf~ntry footbridges may be extcmporised fro~ pfa_nke witL o, 
wi~houtmtcrmod.lilto •upports. hut 1t is best.to pronde hght porloblc 
brufgr~ m_ado up mthcr as smgle span• or, ,I more than <Jne spun i• 

i~n~~ m,.~w?. r,~';!:i 1~he~~~;;; ~t~n i ,\b~~~,..~~•.:.t~:: 
Such a lmdg" m'lst be so designed that it or any one of its c,0mpone<1t 
parts c&n be carried by not more than four men o,·er 1.000 yards ol 
rouljh country in the dark without undue e~ertion, and that it i• 
oimple to ,w;embk, or put tog,:t-her. 

2. S ingle-apan i.n.!antry brldgea.- Tho aimple~t forrn is a plank: 
a_ 9-inch by 2-inch pla.nk , _JO feet long, will t.11.ke two armed men a.t, a 
time over a. gap 8 foot wide. 'fwo plaoks 8hould 00 placed sido b_, 
side to givo a. roadway of 18 inche•. For gap• 8 to 14 feet ;n 
t-ho dMr some form of tru"scd beam rnu.st 00 used (Plate 112). 
The roa<lway should be covered with wiro netting or ,:,·ilfag~. Creat 
ea.re mu•!· be taken to get ."' lcYel bearing surlac;, for the shore ends. 
or the bndge may tah a t ,lt, and quiokl.v become useless. 

~- Infantry bridges w ilb fur_ed. pi"1"a.-'l'he pieni may be light 
two-legged or four.Jeggcd tre•tle$ or light piles. The.., bridges ha,e 
the following diiiadva11 t.-iges :-the trestle• a re diflfoult t-0 hR~d lc and 
place in the dark, and, when previous roeonn~ll<)e >• iIDJ><JAAthle, the 
adjustment of the transom• ta.kes t iIDe; they are very liable to diB
tortion when the weight come• on them. Tbeconatru,:tion of light•pilo 
piers involv._.. conBidernblc time and noiBe. 

4. Infantry bridge!J w ith floating pier• a.re the t-t method of 
cr011sing streams ov~r 14 foot in breadth; if properly coru,truetcd 
they are atable, and a level roadway is enaured; they can bo placed 
in position in a very few minutes by trained perllonnel. 1'he material;. 
most genera.lly availab\;, for 11it,r• are petrol t illl!, met,al cyJinMrs or 
cork 3\a.ba. The method of making t,he,se np into flo1111! is shown on 
l'la.tca 1t3and1t'i. 

The rood way consist• of light" ducklx,,.rds" -..1th bearers arranged 
so"" to intcrlock on the sa.ddlc ol the float, and fitt.,d wit•h clip'< to 
gripthosadd!e. 

To give lakral rigidity so that tbo bridge can t,,, hoo111ed out ra pidly 
~,,_ the ri~r tie baulks are •lipped on over the ends of ti•<> hand]~ 
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and-'«luredbyhooks. Aatbebridge reache• t he far bank two men 
double a,,l"(Nli!, lay the shore b&y and •ecure the mooring rope , Where 
tberelslittlecurrentonemooringropepa8"edthroughthering,,onthe 
endsolthepiera,andmadefasttopfoketaonewh bank, maysuffioe 
toholdtJ,ebridgeinplace: hutadditionalmooringl'Ope,l,Oranchon, 
will bene<!dedwheretherell!muchcurrent. 

C,,.skfootbridges(Plate115)mayoftenbeusefu! buttakerathor 
longer to construct. 

90, .Lig~lbridg....-.ingk•pan. 
J, S,nallgapomayl;ebridgedbyfillingin(See, 110, para, 7)orby 

laying roadbearern, selected according to the span fromAppendi,: 
V, Table 5. """"'" the gap, =ting on bankseat,; and aupporting 
3.inchdecking. 

2, "Artiller y" bridgu &re ponable bridges, conl!istlng of two 
longltudinalsectionsofroadway,designedtoenableabatterytoCT086 
asmallgap(Plaw1t6). Theyarenot intendedforcontinuoustraffic, 

3. Cantilever and •U.9pension b rid~s.- When the gap cannot 
be spanned bythe•bovemetbods,a.ndneitheratrestlebridgenora 
ll0<>tingbridgecanbeused(asincroaaiogaravinewithdoop proci pi• 
t-0usside1 ),recourse,nuatbebadtoa cantileverorsuapensionbridge. 
It will only be on rare ooc...,iona tbatauch bridges ,.;IJ be required. 
Bot.hfonnoofbridge takeaconaiderabletimetoconstruct. 

Dete.ila of su,penaion bridge• a~ given in Military 8nsineering, 
Vol. lII, Chapter VII. 

91 , LighJ /md~,,,._fi.wJ pi ... s. 
I. Fixed plersmaybema.d"ofaninfinitevarietyofmat-0rials, , .g., 

brushwood cylinders, or wooden cra.le8, filled with stone,,, urU!, ,h., 
butthemateria\mostlikelytobeavailahleia timber; this maybe 
uoedintheformofcribpieraortreatles. 

2. Crib p ie.-..- When timber is plentiful, crib work {Plate 116) 
isusefulan<lopeedyuptoaheighto14.feet;ifsleeperaareavailable 
,.nd close at hand, piers up t-0 7 or 8 feet are economical in time. 
lnwat.er,atrnyohouldbeformedinthebottomoftbecriboandfilled 
with•tonea. These piert1, if nece&Sary, can be floated into position 
and sunk by loading the trays, but if the hottom pro,·e• to be n,ry 
unevenitwillbe<lifficulttokeepthepiersvortical. Figs.4and5on 
l'lat.e 116 $how a. crib causeway, which w&$ con.<>trnct,,d in t he wa.r of 
1914-18,toena.blet.mkstocro&!asmall river. As all t he structure 
was below water levd, t ho exist.enee of the bridge waa oonrealed from 
the enemy before it was used. 
'3. TrHUH are the moot ill!eful lorn, of fo'.ed piers. 'I'he Lest are 

those which are framed together with the transom resting on the 
head of the legs. When W1ingsquaredtimber alljointaohouhl be 
flush ; tenons, notches, &c., are unneee.,.ary and detract from the 
strengthofthet,imber. 



A framed trestle is ahown on Plate 117 suitable for bays of !ight 
bridge up to Hi foot a~ for _a height of tre,itle up to 12 foot. It weighs 
about 12 cwt&. and rn easily handl~d. It c,u, be used for l>eightol 
treatlc up to 15 feet by u.smg four IJ-m ch by 6-inch leg" ennly apa.ced 
or three legs 7 -inch by 7-ineh. A simi!M treotle c&11 be made out of 
roun_d •Pal'3, but in thii< e&se the t,in,be.r mw;t he notched to get a 
be,mng a.urlace &11d '!-inch round •pane must ta.kc the pla.c~ of the 6-inoh 
by 6-inch aoantlings with 4-ineh bra.cea, and the tffc<ltle wm be 80me
whi,,t hcavier. 

A l'.l&11k trestle cnn _be made of_ si milar t ype a.a ihown on Plate 118. 
In t,his c~ all the jomts a-re nailed and the le~ are hollow, but are 
p a.e ked solid where the brace• are na.ilcd to them. The plank., forming 
the logs are nailed togethe.r a.ml should l;e bonnd with hoopironenry 
8 f_eet. A trestle of the d,men,io:,1111 ahown ie suitable for b&ys of light 
bridge up to 15-footapan a.nd for a. height of treatle up to 12 feet. 

Framed tr~tle• '""'l"ire a level foundation and the height of trangom 
cannot l;e readily adjusk<l when the trestle is in place. 

When the bottom is uneven and caunot be levelled "typo of trestle 
with two legs only m1Lst be uoed, the ledger being pl&COO hi~h enough 
to clear ~ny obetr_uction. ln thi_• type the jointe are usually ma.de 
with laah,ng>1 of wire or rope, whi ch allow of a certain a.dj11,tmeut of 
the height of transom when the trcat!e hM been launched , and the 
legs extend 11-bo.-e the tranaon> to take a. hnd rail, LVlhings, how
ever, roquire constant attentfon and a.re only suit-able for temporary 
bridges. 

A U'elltlc of the dimeusions shown on Plnte 119 ia suitable for bny• of 
light bridge 11p to 15 feot, and hoight of treetle up to 1/.i feet. 

The transom. the !edger rnd the butt of one of the bre.ces al'e on \,he 
samo aido of tho legs, the other butt and tho tips of the bra<...,. on the 
oppoi! ite aide. All la,,hings are "•quare" except when the J,racea 
Ol'\ll!S, wbtn a diag(lna.l lashing is used, 'fhe treetle muBt be •quared 
by making the di&gonala equal before the bra.ce• are fins.Hy IMhcd. 

4. Ledgers and ■bou.-When tho bottom i• soft, t.ho ledger is 
placed near the bottom oJ the trestle legs. Whm the bottom is very 
soft, arr&ngements m ust be made to prevent the t.rcotle sinking by 
placing horizontal timbcn, at the feet of IJ,e l~ga, or hy.lu~ 
them with fla.tahoel! al,,out I ii inchClilequa.re of I J -meb pl&11kmg, spiked 
t.o thofcetolthetrestlelegs. • 

5. Placing tr-eatles .-lf the gap le wet, trestles oa.n be carried out 
and plaoed. by men working in the wa.ter. When the wa-ter ia too 
deep for th,a. t-bey m a.y be ca.rricd on to the bmlge and lowered foet 
fir•t down inclinod spar• (Plate 120 ), or taken out on a. raft and 
tipped into poaition by mean• of guys, 

6. Trestle• a.re kept vertical by fast<'lning the r<iadbcarera to tho 
trlUli!oms. a,nd by <:rtll!l!-bracin,i fro m ea.eh treetle to it,, neighlJ-?11'"
Whcn uaing lashed treat\.,., the nearest trtllt!ea to the ba.r,k on either 
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llide &hould be rigid ly conn~'<'ted to bollards on the banh by l_ight span 
fin,.•d t-0 tbe legs &bout 3 feet al>o,·e the tra.nsom. 'l'hc"" hgbt spara 
are put on before the t,,,.t]e is launched, and hdp W get it into position, 
and nHl&tbe=n""1 belotethe first bay1aw;edlor placing the secoud 
tttstle. 

7. Scouring. The pttoenoo of a pie, in cunning w:,ter previously 
unobi!truc\.ed c&u.s~"' an und":""°uring action by the water t.n comm~nce 
on the up,stre8Jllsido of th e pier, which may c,·entua.lly ~apsize the pior. 

Tbisca.rt be temporarily guardcdagain•tby &urroundingthe upiltre,,,m 
side of th~ pier with boulders or sMk• ol ama!l stone•, hut Uie w&tenvay 
(~~e. 92, para. 1) mu~t nut b<· ob/,tructM. 

92.l..1ghl&ridge-flooti~gfner4, 

(F orhoy,:rn,:y-.Se<,. 95 ). 

J. Floating pier•, in the &beence of pontoon cquipm=t, m&y be 
constrncted of casks, bo&t.s, logs. &c. Each pier must have enough 
naiiable buoyancy to support tJ:,e hea 1•i,:,:,t load t hat ,:an be brought 
ontoone •panofthcbridgc, Tbe lengtbofea.chpicrshouhl \>etwioo 
the breadth of the roadway for the sake of steadiness, and wlth the 
same object, they mu•t be connected together at their en<h by tie 
baulks (Plate 122). 'l'he Wllotcnvay betwe,,n tbc picra should never be 
1""6, and •hould, if possible, be more than the ll~dtb of the piers. 

z. A bridge eom be put into po•ition in the foll owing way•,_ 

i. Ily booming o ut, i.o., when the head of the bridge already 
eonslmctcd is continually pushed out info th e •tream, 
fresh mate,·ialo heio.g added •t the tail. 'l'his method 
~an~ot e be used with ateep bank• and <loop water close 

i~ Ry forming up, i.,., when material ii! c<.mtioually addod t,o 
the l1r,a<l of the bridge, the tail being stationary. This 
m~thod i• uninfluenced by the nature of the b,mko, no men 
being. required t-0 work in the water. n~ only drawbaek 
is the diatauce the roadway matn iala have to he carried. 

iii. lly rafting, i.o., when the bridge ii! put togethtr in different 
portions, orrafta,alongtheshore, eiu,h ralt.e◄ msi.ting of 
two or more piers, and the3e l"llft.s are snccrnsivdy warped, 

' rq~ll! ~~::~:: i,:.t.o11:e::it~~!'7i:!;t:" l~~:~,~~~- of 
mrn ean he employed si,nultll.neously, nncl, ii secce<:y loo 
nn ohject. the nrious pol'lio,.,, ca.n be constnwkd at SGJU0 
di.stanccfromt-beeventualeiteofthebridge,andalavour
"blc oµporlHnit~· seiwd for ill! const.ruction 

i,•. lly swinging, i.e., when t-ho entire h,·iclgP is c,m,tru<>ted "1oug 
shore-.a.nd t henswungacros;,witbthcatrcam, 

A long bridge ean b~ oorntruoted by a oombination of two or more 
ofthc/\bovcmethod& 



1~;,~%;~;~;i~1i~~f f ~~ffit~~{~£;75'.l~~ir 
A fl oating pier should not be allowed to ground, M it will J,., liable 

to be oriL11\ed wi'en a load comes upon it . If i t has to ground, it ,ou,1.~t 
ha builtoflo,rgeba.rr,:-1~ and the 00ttom levelJ"'1,ore.cradlema,foof 
re<,da, bru.shwoodorsackaofea,rtl,. 

4, An chors .- As ,. rule, there should be an up-afrrn,m am! do wn 

:~~e::;,:;c~~~etr° fi::e~;~.::,W;:'t t:,e::iu;.!:!:~iga!:~~~\;; : ~;e;ii~~-1 
F or ordinary bridge ,,,ork 66-!b. anohon,, wi\J, a reserve of Iii-l b 

anchors, will generally suffice for modera.te atreams. The followi c,g 
sub,titul<l'I may be employed :- 'l'wo or more pick,,ue,i J..,,h,d together, 
hea.vy weight,,, euch ""h<rge ~tones or rails (the latter are beat when 
hent). 

The co.hies are gen..mlly of 3-inch cordage. Th<\ length of , ,al,le 
"out" ehould he ten times the depth of the etrea.m, and ra,-ely less 
th,.n:IOyartls. 'J'hocableiaat~hed t-Otheringoftheanohorby" 
fisherman's bend; a buoy should he attachOO to the anchor by" buoy 
line of I -inch rope \.0 m'lrk it,, p Of!ition, and to scn·e !l/! a. means of 
tripping it.. One e,"l of fhe J,,rny line is fa,,tened t-0 a ring of tho buoy 
by " fi sherman'• bend, and the other round th e crown of the anchor ;;::::.t clove h itch aplit by the shank. and two half -hitches Ttnrn,l t he 

(n t-bc absence oI a,;chora, o ,· in a. very rapid currmt, wh~n il ,e 
anchors are liable to drag or to pull the picra ·down by the head. a 
hawser (pn,lerably wire rope) buoyed with flo,;,,U! can be s trctched 
acr°"" the river (pn.n-id...J iU! width d°"" not exceed JOO yanl•). and 
it,, ends sooured to anchorag"" on each hank ,.t,. distance np-strcam 
of about one-fourth the apan: eablce from the bridge picm are then 
sooured to it- The danger <JI u•ing thill met-hod under fire is 11,at one 
ahot may destroy the bridg,,. 

5, Pauage of traffic ~ TI a bridge has t-0 n,main down for aomc 
time, arrangemtmta may ha.-c to be made for tho passage of rinr 
traffic. This can be done by having two or more raft>!, at the c+10tre 
of t-he bridge, a.rranged for forming "cut.,; o, the two halves of the 
bridge m"y be swung, t o afford. the reqniii\.8pa""age. 

6. Arrangement~ must a l way, be mW~. UJ>-St-n,~ , for the prot-ect-i,m 
of ,. bridge from <la,mage by il o...t1ng aul:Jllt&nc"', either by" lx>IL.t l'atrol 
or hy po,iting ,nen at each l'ier toyole off such 0oatmg ohj ecU! mto the 
fairway, Down-strea.n;, raft,, with buo?·OO floot ing "'P"" ilhould ho 
anchorecl , t-0 aave men who fall off tbe ht1dge. 



7, Boats plen,-Few boota, with the Ciception of heavy barg"", 
are strong enough to allow of the banlb rootingdiredon their gun
wales. A central tranwtn should be impro,·i!JOO, by re<iting II bea.m 
onthethwarts,andblookingitupfromnnderneath, sothattheweight 
il,bronghtdirootlyonthekelson (Plate 121, Fig. I). 

In anon•tidal river, the l>o&tilabould be plaood "bow on" to the 
current and alightlydown at the stem: in tidal rivel'I! they ,nw,t be 
plaoedpointingnpanddown.,.treamalternately. 

S. Cul< piers.-Piera of ca.ska {Plat,, 121, Fig. 2) are made a11 

follows. the number of men required being 2n +2, when n i• the 
numbcrolcaska:-

The CMb are lirat bid bung uppermoot and aligned; then two 
baulkA, technically known a11 gunwalM(GG), are placed over the endaof 
the casks by four moo, whilo the remainder of the men stand opposite 
\.be interval& betwoon the ca.ska on either&lde. 

Thegunwalemenatoneendplacethe "Y"" of the slings (SS} over 
the gunwales; the gunwale men at the other end aecure the$1ingsto 
their end• of the gunwales with a round turn and two half-hil<lhes, 
The brace men keep the alings under the CMks with their feet, 
and, as soon as t-hey are aecured, adjust the bracea as follows, 
working simultanooualy by word of eommand ,-

The eye of the brace iii passed under the sling in theoentreofthe 
intervalbetweentwoca.skll,theendpa&le<lthroughtheeyeandhauled 
taut,thealingheingkoptsteady with the left foot. Thebraooiathen 
brought up outside the gunwa.Je immediat-ely ove, the eye, ,.nd a tum 
roundthegunwalotakentot.helefl.,thefootiaremovedfromthesling 
a.ndeacbmanthenhaulsnpthestandingpartofhiab-ewithtbe 
lefth&nd,holdingontothetumwiththeright; Mooonasthebrace 
is taut, the \.u,n ill hold IMt with thehool of the left ha.nd, and tho 
remainder of the brace, in a coil, illpbcedon thecaaktothe lelt. 
Each man then tak08 hill oppmit.e neighbour"• brace from the cask 
ontheright,a,ndpo.sffllitbetw;,enthe8tandingpartofhillb1'8.C6 

' and lhecaak on his lelt , then back between hill hraoe a.nd the ca.sk 
on his right, keepingtlle bight110formed below thefigureof8 knot 
onhiaownbraoe,andplaeingtheendonthecasktohillright.. Each 
man then tak08 hack his own brace from thecMk on his left, pas>te8 
it unde,tbe gunwa.Je to the left , of the atandingpart-,p[&oe,1biafoot 
aga.inst thegunwalc,andhaulstaut. 1'hepierilithenrockedhackwards 
andforwards,alltl>ebracementaking inthe,,Ja<":koftbeirbraocoand 
baulingtautuntil theword • teadyi•ginn,whcntheytakearound 
tun, round the gunwale to the lei, ofthopreviousturne,and make 
fast with two half-hikhe11 round the two partil of their own brace close 
to the gunwale, drawing the twopartacl080togetherand placing the 
'J)lltecndaoftheirbrace between thocMkl!. Thepieria then turned 
upon one llide, and the sling adjusted be\Qw t hethin:I hoop of the 
C&ako,andabreast lineRltMhed toa"1ingateMb end; itis then 



lowered and _turned up on the other aide, the other •ling :uljll.ted, a. 
~ldge, tcchmcally called the way~, brought up into poeition, a..iKI the 

f ~(\~1};·}~~:;if f ~}1;!~::,g:ff::~12 

93. R«ft•. 
(J"'orbuoyan~y •uSu.96). 

or 1~~~~~~ ~~,e~~l~~ i,~!;;;,;\;;1·:i:'.~\i!~' :h;c~;.'."~~~!i::a;! ~~,~; 
con•bucted of bridging equipment, of b&rrel6, l>oM~, log,,, OJ', aa a Yery 
tcmponi.ry rnca.suro, of wa.terproof rn,,.t.,,illl. such M tarpa.ulina or 
grou11U. , heeta, •tufftd with straw, hoa.lJJer, ferns, &c. Such mfts 
ma.y be towed, rowed, poled, hauled l,a,;,kwa.rd, and ftm.va .. d,, "'-''l>il" 
the ga.p hy me,,.ns of mpes, OJ', when tlwro is a good cu ,Tent, ut.ili,e.l 
aa '"flying bridges"(-"" .P"-ra. 8 below). Free ,•aft,, are generally 
most ca6ily moved by towing : raft,, with ho,set! and vehicles cannot 
be rowed or poled, except under ,noot favourablo rircuml!tam.-,;i. 

2. RalUI con•ist normally of two piel'II connected by ban I kB on which 
!,ho decking is laid: the ln,gth of e&eh pier mu•t be twioo the width 
of the pla.t.form of the raft, Throe- pier rafts, when loaded, are muna"· 
agea.ble in a. etream and arc not re<::Ommended. When Jo,,.,Jing a 1-..ft 
with infantry, the mm "hould sit down on the edge of tho raft M 
close "" poosible, and then the central J'Mt of the raft ~hould he 
loadOO. 

lf the raft ~onsiall! of one pier only (such Wta ma.y be constructed 
o! barr<:1$ or logs) the centra l quarter only of the platform ~hould 1,., 
loaded 



5. The dael< space r,:,quir,,d for ralts may be elitimated fro,n t ho 
!ollowrng d imen;,ons:-

Armedman.aitt;ng .. 
Horae.harnffl!<ld 
18-pr. gun .. 
lS•pr.Jiml>er .. 
G.S.wagon 

Length. Width. 
ft. in•. ft. in11. 

3 G 2 3 
8 0 4 0 

14 6 6 3 
5 9• oJ 3 

13 9• 6 I 

6. Whenani,nala&recarried,handraifamu•tOOpro,·ided.andscr""ns 
are &!waya drl!ir&hle, but m&y h&ve to b<, di.spenaed with in,. wiud. 

7. Landing atagu.-Planks should be curied to enable men to 
get aaho':" from the raft; when animal• arad vehicles _are carric-d. 
!&nding piers &nd landing gangway,, &re nooe&lollry: landing piers &re 

;:~,1~~:~(~t:~yta;,:~~,'~~;~,~~ t~r 71~\~~f ~\~!"';i~ ~i;:ci:: 
available at &11 timM. Landillg gangway• consiat of five or aix b,u,lk.s 
la•hed into,. frame by cl'08s baulk.s 2 feet from \heir end,. Thi~ frame 
forma&slidingspa.n,aufficientdeckingbeingkeptateachhmd ingpier 
tocompletethe•pa.n. 

8. P ennau ent fer riu .- Jn t he !jjmpl..,t, form of f>"rmanent ferry, 
bo..\11 or raft,, are hauled backwards and forwards from bank t-0 M a k ty 
nrnansof ropes•trewhed n-0rou the ri,·cr. Such a rnpeal,oold . if Bt\aeL-,~ 
totheboat,&c.,l>ema<lefastatthes\cmor11,t,crn.notamidahil"'. lf,t. 
i• notconvcnienttostret.<:h a ro1"'""'°"" tLeatream ona.ce-0t1ntof 
traflfoorotherreasons.oriftheeurrent iijr11,pidandregular, a ilying 
Lridge may l>eUJled, Th,. iao.form of bridge in which tho,..,uonof 
!Lo current ja mllde W move & boat or ,,.ft acrOSa, the Stream by Mting 
obliqudy ag&instil.8aide. which •hould b<, keptatanangh,ofabout 
M" with the m1rrent (Plllte 123, Fig. I ). Long, nam,w, ,l.,.,p 
boat.II with vertic&I sides are the best for thjl purpo.se, and atraight 
reMh""' the moot au.table p\J>Ces. as they are ~ner&lly fr..e from 
irregulariti"" of current. 1t i,, nc,:,,,.11aryt-0 havr a ,•~rtic&I sorl&eefor 
tliecurrentt-oactagainst. 11. therefore. U,ebo..t is&•hallo"·onc, 
or if t he raft is made of rMh or other materio.l with a curred •urface, 
vertical boarda, called loo bo..rds. must be lashed t,o its side. These 
Joo boards consist of two or three planko htld toget,he, by batt,-01 
nailedtothem. Thedepthoftbeleeboardmu1.1tbckcptt-0arninim u m. 
as thoacliouof tlw cnrrcnton the lee board eausc-s t bera.it,to lilt; 
a deep lec bo:.r<l mav •wamp the pier. 

Tl,ecab1e,whichshould.ifpo6Siblc.fl°"t,canei t herbeanchored in 
midstream or on ahote ata bcucl of the river. J>tul tho r.i,ft can swjni. 
bctwC"<'n two landinj( pierS. 'l'he length of" awinging cabl~ 11hculd 1,., 
from one ond o-hlllf t im"" to twice th~ breadth of the nrer. aud ii 



"'ill work lPttcr if aupported on intermediate buoy• or flrou, t-0 prevent 
it from dragging in th e water. A nun,ber of telegraph wire", buoyed 
n.s a.hove, n,ake a good swinging cable. 

Another way iij to st.-etch a win:, ca.blc a<:rOllll tbe rfrer, and arrange 
for the raft to travel alo11g it by rneallll of" block with & 1..rge sheave. 

A apare a.nchor and ca.ble muat alwa.ya be carried on the ndt, 
9. Au extemporised raft to carry a.n 18- pr. field gun without 

li,u l>1Jr, or a. weight n ot exceeding U cwta ., may be construct,,,.! of four 
JS-foot by 15-foot tru-pall lim "tu ffcd with •traw"" follows :-

Make a. light fra.mcwork of po lea, 6 feet square by 2 feet 6 inch"" high, 
ou the ground (a hole of "imi la,- d imen•iuna wi ll do almost a s well ). 
'I hen place t wo )Mhin 1,11 ~oout 24 foet long a,:,roe,, t ht framework e~ch 
way, and over t he,ic t he tarpaulin, well aO&ked. Fill the tarpaulin 
with straw or similar "'a t.eria.l and trample it well down. The ends 
and aidos of t he \.llr)>"uli11 a.re then folded o,•er Ute atraw, and the 
whole made int-0 ,. eompa.ct l.,11ndle by ee<:uring the Ja,;J.,ing,, acrQl!.<I the 
t-0p (Pla.te 12"' , Fig;i. I and 2). 

1'wo of these float;, a,e th~n IMhed t-0gether by means of two 14-foot 
•pus. Thi• fonns half Urn ra.lt. The other hBU is made in a simil&r 
manner. The two ha lves are then laabed t-0 one another, 3 feet 
apart h'I' m"""" of lour !(;-foot roa.dl1aren,. The raft will tlwn 
measure 15 feet by 12 feet hy 3 feet 6 ,nche,. ln snch a raf~ Llle 
buoyaMy is gn,a.tly in """""" of U,&t actua.l!y required to carry the 
load, but this is ncce,,sary owi ng to the kind of rnatcrial employed and 
the sho rt length of t he pie r-.. Wit,h good iarp&ulins the bu,>y a.nc)· 
wi!l ,·,m,a in goodfor a t lea.steighthouni. 

The s t-0res required are :-
'l'arpanliM 4 

i ~:~,~(tona) :.. ... ... ••• •·· .. . 1!½ 
s17o~r (;lv~:r .. !~'~e:l::i:;ter'.'.. lour __ 1_6 fc~~'. 10 

LMhings. l-inch, abont3fms. long --· -10 
Do. l ! -ineh,,.l,out6fmo. long ... • 16 

Ropei!, ~-inch, l~ngth according to width of riYc r. .. 2 
Punting pole•... 2 

Smaller rafts c,.n J,., made in a similar oumner by stuffing ground 
with s t raw ,.nd p le.eing them in a Ira.me: 24 of th""" madD 
raft will support a. load of l,l>OO pounds (l'late 12"', Figs. 3 



2. The positions of forda a.reuaua!lyindicated on m&p,,. They•,.., 
oft<:o found ju•t below weir,. The loe&I inh&bit.>nt ~ the be8t !!Our<:e 
ol information. A river which i• not fordable straight a<:rmo may 
o,ometimes he found P""""hle between two bends "" a.t A. B, Plate 
123,Fig.2 

3. Theappr oacbostoaford breakdown rapidlyundercontinuoiu 
tra.ftic,owingtothodripfron,men, hor,..,andYehic\«1. They•hould 

;:,. •;:•}~O.u~v::~i!~r •~:~ ,0 ~~:• c~1Jn~t~J::i:..1':~ri::\~t~~ 
the wawr. 

4. A ford with o. Mndy bottom i~ likely to become heavy. The 
bottom of a lord must he card11Uy ex11,mined before use, o.l! !,olee 
l>eing filled with stones or other hard material. L&rge atones and 
anyob8tacl«1totrafficmuatberemoved. 

6. For dry orfor1fahlego.p11, no pro,·isioni.sn""""""'y for ;nfo.ntry, 
uceptin thee...., where the&ide., of the g&p ueprecipit.ou•, when 
pruvi&ion mu,tl>emadelorropel. knottodevery 3 feet, with 11<\rew 
picketatoa.ctasholdfa,'!ts,andladdcTI1, E,·erycnde&vourahould, 
however, he made to bridge a fordable otr,;am on the immediRto 
frontoftheatta-ckingtrooJl",inordcrtostartthemendry. 

6. A &hallow (not exceeding 3 f..,t of wo.ter) muddy ri,·er may be 
made temporarily p....sable for infantry by laying maw made of cauv"" 
anJ wire netting on the top of tho mud. A rope must he firmly fixeJ 
from bank tobankoneitheroideofthemal,. 

7. Marking lorda,- All fords must he clearly marked by strong 
picketa(4 inch.,. and over), driven iuto the river b.><! above and below 
the ford; these picket<! ahould projoot "t lca,,t 2 feet ahoYe wat,,r 
level; their hea.da ahould l>e painted whiw, andshou!J be connected 
by a atrong rope aocurcly anchol'OO to holdfMtll &t ea.eh shore ~nd. 
Four of the picketa in the deeput i"''la 1nust he clearly marked in 
f..,tauJinch<'6aoth&tthodopthofthowaterm&yl>e.,,..ilyseeu. 

8. Notieeboar<ls•hould beerect,ed a.teacltend of the ford, gfring 
fordabledepthafor<'<lchun, 

95, BuoJl<lllC!f. 

I. Brldge~.- When calculating the huoyaney:requirod for a pier 
ofalightHo~tingbridge,theweighttobe•uppor1"dbyanypiermay 
be taken"" the weight of the greatest lo~d on one bny of tho briJg., 
plustheweightofonehayofaupcrstructurc. Apiertho.thassuflir.ient 
buoyancy to carry infantry in fours will,.lrocaITylighttiddnrt illcry 
an,! fu..t line transport. The mnimum weight that can he brought"" 
the bridge hy infantryinfour,ie 5 cwt•. per loot run ofbridge,a"d 
ihcwciglttofauperstrncturem~y l>e taken at I! cwts,per foot run up 
to lG foot opan, so that the total weigh~ will he 6½ cwts. per foot mn. 



2._Ralts,-In the case of_ rafts , each pier must be capab\" of aup
portmg the ~reak«t luad which may come on to it. On,. ra!I, designed 
lo carry ,·eh1clcs, the gr-eatcat load will be brought on ,. pier when the 
raft1s bei11g loaded or uuloMod. 

m!~eb! "Yt;;::!~it!;;:' will he the a&me ao for e. bridge and it,s weight 

The_ weight of an armed man may be take11 "" :?O(l lha., aud he 
oocup,c• 8 •qu~re foot of deck •pace when aittiug. A light 
dra,ught horse we1gl,a alxmt 1,400 lbs. all<! require• 8 feet by 4 fc,,t of 
deekapace. 

Th~ loads brought on .~ raft by light artillery 1111d G.S. wagon" ~nd 
the ap,we oocupiod by them arc gh·en in t-hc ta-Lie below. · 

Loodo on raft• due lo lwru o nd 1-iyl,t fi eld artiUery and G.S. uago118• 

:I. The a.va.ilable buoyancy of & boat may be determined by loading 
it with unanned men t-0 within 12 inches ol tho gunwale and mnlti-

~,:38.th;1~ ~:;rw:i/: \n t:~:t~':t c~h~:~a~la!:rJ:~~:".?;c!; 
mn•tbeallowcd 

4, When u,ing clo,;ed vease!• auch ae CR.llka,petrol tins, oil drums, 
&c. , for floating piers, the safe buoyancy for bridging purpooc• ,11 ust 
be t a.ken ,.t nine·tenths th" actual buoyancy, eo tha,t the roadway 
w;Jlbe clcarofthewatcr. 

The act.u a,I buoyancy of a closed ve55el is tho weight of w .. ter it will 

~~~1:ict.~~~:::;:lrh~mv:iu':~l,R~~• ~!~g~7not:~h:~~h~;~~'O:n!c~~~ 
ta.ined. Jn this connection, it i~ useful to not-0 tha.t II gallon of frcl!h 
w&t-Or wcighil lO lb.. ""d that J cubic foot equale 6·25 gallona. 



PART 111. - ACCOMMODATION. 

CHAPTER XIV. 

CAMPING ARRANGE ME N'TS. 

96. Biwu,,.CJJ, l>ilkU, o,id hutti>ig. 

I. Site•.- l'he ohoioo of Bitell for bivoua<:11, camp• '" hntmentl! is 
determined byth.,.tacticaloitu,.tion. 

Tho nc,.rer the enemy the more import.ant ,.,e the tactlcal considcrn· 
tion•; tb.o focther the enemy, the more attention "''n he paid to the 
comfort ,md hoa\th of the men. 

Undtr ..n circumstan0<$ otfict attention to tl,e ""nita.ry condition• 
of men's aeoomrnodalion has.a diroot be&ring on the efficiency of the 
fonw. 

2. The ait-e for a camp or bivoua,, should be dry, on W"""• ""d on a 
gentle slope. Steep slopes, woods with undergrowth, low lying meadow$, 
the bottoms of valley• ancl n ewly-turned aoil must be avoided. The 
w&i:er supply ahould ii roo.ible 00 wit hin ono mile. 

3. :Sivouac~_.~9imple aholtors may be fonnOO in ~any ways. One 
method is to dnYc two forked •ticks into the ground with II pole re;ting 
on them; branches are then laid , eating on the pole, thick end upper· 
m08tliltM1 111ngleolabout46°.andtho9Creen made good with•mal!cr 
hrMches, ferns, &c. A hurdle n>&y be supported &nd treated in " 
Om'larw,.y 

A shelt.,r tent for four men m,.y be formed with two bhu,keU.or water. 
proof 8b""b l.aoed togi,!her at the ridge, the rem&iaing two hl111nkct,. 
beingavailableforoovcrinside. 

Whon mat<:riala are available extemporiaed hut.I can be made by 

~~~ih!t :;:\~~:,;,i.'r~~~7.;nt,~~~h:;:;,::1~ ~.~f!'1~ 
te.rpaulin(Plat..126). 

4. Mensloopingonthegroundinten\llorbivouacasulJerdi.,cornfort
,omtwom ·ncausc•,-

·, /l.a'nwatcr, 
ij, Draughta. 

(a) See tha.t the roof doo, not leak, and that join\11 between 
W.P. aheebl, hlankcta, canvas, &c., are well overlapped. 



(b) See tha.t the water from the roof ia oonduoted to the ground and 
that it cannot r·un l;a.ck under the side8 over th6tloorol the 
bivoua.c er_ tent. l'lat<; 127 •howa the right and wrong 
wa.ys for dispoomg of ra.m wa.ter Jrorn tent,, 11nd bivo= 
.By t ho right method the wa.ter ia oonduoted fro,u the roof 
to the grouod a.n<l i~ led awa.y in tho trench to the lowe,it 
grouod. 'l'he eal'lh from the tNmoh pro~UI tb e floor of the 
tent from &ny mah of wa.t,,r over tho a.rea. of the ea.mp 
ca.·1aed by a auddcn downpour. By tho wrong method the 
rainn.mningdowntheaidesefthetent or bivouacsoa.kathe 
oat"th whiel, is pl ac"'-1 on thecan vaa a,nd the w&terlc&ka 
through the canvas and over t lrn floor. 

ii. Draughts .- 'l'he proper arra.ngement for the diapoe&l of water 
alaopreventlldraughtllalongthelevoloft,hefloor. 

5. A method of protecting men •leepin;: in tents from splint-Or• ol 
shells and bombs ia shown on P late 128, but it isepen to the ohjcction 
that tho earth ph,o,,d against the canvaa walla of the tent will interfe, e 
with the efficient di•1~,..,.1 of ,·ain -..11,ter,.. explained ahove. 

6. Billeta.- When villsge,i areusedM rest billets or stsg:ing arcAe, 
the IMl<lOrnmodation m&y be gre&tly incre.,.ed by er<!<lting bm,kB in 
banis andfarm buildings . 

1'he walls of ha.ms rr,a.y he repaire<I by uaing wattle and da.ub, i.~., 
t rimmOO brushwood rods daubOO over on both i,ides with cl,.y in which 
ia a propo1'tion of any flbrom aubeta-uce, •uoh •• st,ra,w, gr=, &o., 
ol,opped intoshort lcngth•, 

Roofs may be repaired with tarred felt on l>o"rding, or "ith com,
gated iron. 

Bunlui shou ld be limited to two tiena, however much headroom there 
is : the bunkingspaoercquired ia 6 f~t6 inches by2fcctpcrman. 
'l'he bed consists of grilla.ge of hoop iron or plnlll wire: the .,,.,.1, must 
not eu:ood 4 inch"" by 21 inc!i.es . otbeno·iae the ocoupants can i~rt 
the heels of their boots between the wireo and !•he bunh an: rapidly 
damaged. Ra.bbit wire netting, covered with canvas, may 00 ll&'d, 
but ""g,, badly under a. load and d.- not 18,,it long. 
• WindoWil of oiled canvas shonld be pro\'ided ; t.h...eadd t-0 de:,nlinen 
lllld wrnfort. 

7. Hutl.lng.- When butt<,,.! camps are necessary, the design o_f the 
hut• depends upon the theatre of war, This subject is doo,lt with m 
Military lfoginooring, Vol. VII. 

lfhutsarecoru,tructedolma.terialdr"wnfromthcengineer pa.rks, 
tho moo t convenient form i• n.,utangular in plan, 17 or 18 leet wide, to 
allow of bunh on e ither side. When attack hy aeropls.nc.s is expected 
only ono titr of bunks can be pro,·idod , and that must be •• c!= to 
the ground aa possible. The floor ohould be of hal'<i materia( or wood , 
the side,i and roof of corrugated iron or of wood oonrOO with tarred 
P"perorfelt,andthowindowo ofoiledcan\'Mor glass. 



Splinltt•proof w,.11,i of e&rth, shingle, &c., mll8t he co""trocted 
round ~h hut, Ma protootion agairu,t •plinteN from a.hcUs or bomlM 
fromaeroplanoo. 'l'occonomizema.terialandlahou,andtoincrea.se the protection afforded, the!loon, of allhut..i•houldl>e "" clo.e to the 
ground •urfaoc a• possibl~; on oloping ground th~ site of each hut 
•houldl>cl~vell"'1bycuttingintothe olopeolth-0hiU. 

S. Stovu .-If otove, &re pro,idOO, the floor,, walla, a.nd roof• of hulll 
o,ndLilletsmustbe,peciallyprotect-edwithahwtironor t in whcrc thc 
st-0v ... , t...,,d,orthesl-0vepipingpa,Meo through. 

9. Stablu n"L<l be ~lted lie»< to ,.n exi•ting road; Plate 129 •ho,,... 
& typical sit-0 pfau . .\ p,01>erly made approa-oh roa.d (Chapkr XV I), 
io ne= sary, antl to """e labour and materials this should 00 as •hort. 
M p:,.;,;,ible. 'l'he section on Plate 129 ahow• a typ, of shelte, which 
afford, 1'CCOmmoo:fation for tworo,,...of horses; the <,entrnl passage 
includes the_ roa.d and acrvc• as a ltarneu room, until". separate ohed 
can be prov,dOO.. 'l'he •ide~ a.nd en<ll! must gwe proted1011 from wind, 
andtlte roofahould bowcatl>erproof. 

Staudjngs must bt, ma<le ol the harde•t material obtain,.ble, e.g., 
concret-0, brick or corduroy of log., an<l Urny mu,t be well drained. 
Stables are pacticularly "ul.nerablot-0 attack from aeroplane,, using 
bombo, Earth or mud walls sho11ld l>e built at the sjdea and enllil to 
stop splintn-s "'"" in long •table• tra.vorac• must divide the stable into 
oompartmcnts holding not more thn 20 boriie• (Plate 129 ). 

'in. Waler1t11pply. 

I. Tlle quantity of water required J>eT diem is as follows:-

I g..Uon per man. 
8g&lloro;pcranimal 

ln •tandingcanips, rfl•t billet9, &c.: 

5gallon•perma.n. 
lOg,.llom,pcranimal. 

Hot weather and h&rd work "~ll neuly double ordinary require• 
menlil, and, in making ""Y calculation of the Bmount requi,ed, t-helle 
!11-0tonimustbooonsidered 

an~• .:!'e~~. &Ouren of aupply usually aoa.i!able &re strea-m.s, ponds 

dp::l :::e'.i~,~~~::~7e.W~!~.:h~~!!/ta:~~~et~"~1~t~~ ;;u~~ 
3. The rough average yield of a at.re,un may b., mea.oured aa 

follows:--



Se!oct llOme 15 yanl• of the atre&m where the ehnncl is fairly 
uniforrn and there are no eddie19. Tali.11 tl,e br,,a,lth and 
aver&ge depth i" feet in three or four pl&o;t<1. Drop in a 
ch ip of w~ and find the tm,e_it takes to tra\"el, say, 30 feet. 
Thus obtam the surface velocity m feet per second. Fou r• 
fifths of thm will giv~ the mean _velocity, and this mult ipled 
by the average soot,onoJ a rea m yquare fe,et will giv" the 
yidd per socond in cubi c feet of w,.frr (oue oubi~ foot cquali! 
six a nd a g_u &rter gaUoM). 

The yield lr<ttn a w ell may bo ga.uged by pumping to lo"·e ,· the 
Joye] one foot, and t h en, noting how long it \.Ilk"" to fill to the odgiW>l 
lo,·el. 'fhe cont-ents of ~-ircula ,· wells per foot docp is M follow~ :-
3 feet diamet-cr, +4 gallons; 4 f.,.,t d io.meter, 78 gallons; 5 fed cliamekr, 
l22gallons;Ofe<:tdiameter,176gallons. 

\VQter can be obtained, if necessary, from II mar:,h by the ,netho<.l 
•hown on P late 130, Jlig, I. 

4. Quality of wate r .- The llOUree of supply must be carefully in
,·,.,tigated, ""d """""""" taken to prevent the pollution of the water 
,n roule to the drinking supply. Well• must be tested at the e&rli..,t 
opportunity, a11d each well dearly Ill/Irked "" fit for drinking or for 
mu,hingpurpooi'"!only. 

S. Methods of purifying w,.ter .- \V,.ter ,nay l,e purified-

i. By bolling .-Thi..➔ is th e boot method . hut it is not al"·a.r• 
pooaiblc to pruvid~ mea.n, of boiling water on a large scale, 
or for couling it. 'J'h" wa.t-er ijJiould ba kept on the boil 
for at least 5 ,ni1n1lH, and should be aerate<! before use by 
P"""ing it through an empty LiS<J uit t in, pierced ,~·it,h rn1a,II 
holes and suspended over ,. storage \ank. 'l'lus process 
must 1w. done with gn,at c,.re or the boiled water will take 
upfr""h impuritire. 

ii. lly filtralfoll ~ Thi• may be cffeded by pai<aing the w,.ttr 
through-

(a) Ch~.~:1; ~~:1 :.::::';!~:1:~~h:·~:::l .i:: :r.:~~·r.~::~ 
is to remove visible impurities, prior to treatment with 
a sterilizing li lt.er, as described below. 

(b) A awrilizing fi ltcr.- 'fhe filtering medium consists of eybn• 

t;£;i~~1~~:{'.~~:~E::1:ri~~~1ti~~:~;,;;~;r.~~ 
filter are the " Jle..keficld '" an,l the ·'Pastcur." Army 

~1\~ 3'\'~t,.;;· ;:;;~•,;•if ffi\~,.,;i!~~~c~~1:;~;t:~d ,fi,~ 
capacity of awater cartia lOSgallons. 



Dirty wa u,r must be stt a ined before filtering"'" dcoorihod in (a) 
above, or by paasing the wo.ter throngh " shoot tadu,d 
on a woode11 frame so 31 l-0 form a bag, confoining wood 
a.sheaa.aafi lteringmedium. 

iii. By the addition ol chemicala-
(a) Muddy m,,t<,r may he cleared b~· adding alum M the rate 

of one teMpoonful l-0 ten gallons. Tl,i, musL he dono 
aom~ ho ur• before t,he water io required. 

(b) Chl oride of lime de., troya the ,nicro-orga.nisms in wa ter tht 
has l,ccn clea.,:e<l and ia freque utly employed for this 
pur'f>O""• A tcaspoonful olthissu l,stanccisdissolvcdin 
" qnart of water. This forms the stock solutio11. One 
teaor,ooaful of this aolution per 2 gallono of water will 
generally !;e suffi cie,,t, 1,ut lor further details i,u Milli t.a ry 
F;ng:ineering:, Vo\. VI , Chapter XVH. 

(c) P ermanganate of potash (Condy'• fluid) removes offcnsfrc 
smell from water and, 1-0aomee,rt.tnt,oxicl<llCll,li_,lvecl 
organic matt,er. It should be added until a faint tint 
rema· ~po ·manent. 

6. :fl.ai• ing water.-The pump in general use i11 the servic"' is the 
" lift and force pnmp," weighing 8 1 lbs. complete. It iil worked by 
two ,nen. When in good order i t ca n lift water from a maximum 
depth of Z8 foot am! lotooit 32 foot (i.o., 60f.,,,t iH a.11 a.t ,.,ate ol 12 
g:,llons a minutc). Four are Ca.tried in the fie ld by ca-0h field squadron, 
"ml four l,y ea.oh lidd company ol cngincera nnU &wh field l"'rk. 'fo 
o!,tain the hest, result s the height of lift or suct ion should be reduced 
to a mic,imum,and can rarely ex"""d 20 feet . 'fl,e en,l of the •udion 
pips must ne,·er be allowe<l to reat on the silt or mud ~tthc botl-Om 
ofawellorstream. 

From deep well,, unles• power driven pumps Me a.-ailnblc, w&ter 
mwt be rai•ed hy huckcte ~ml l'OJ) -8, windlas~e• being irnprov iee,J 
a • soon ,.s 1x,,mble 

7. Control ol wate r • upply.-lmmediatcly on !Ju, arrival of 

t:i:;':,:/;i (,;',t~.\~e~~~:igt:i~:~~ soureea of ""J>J>ly must be 

i. Watcringpl""""formcu(whiteflag•). 
ii.Wateringplae,,.for&nimala(bluefl..ga). 

iii. Pia,,.,. wher,, water for waolting purpoe"" may be drawn (red 
Hags) 



ii. Arrangemenli. n,u.st \w, mllde""' soon"" J)Ollllibl~ w cna.ble 
=~t•h:.:~e~v!:!.11"'1 quickly by installing atorage tanks 

iii. Special provision for filling water-bottle,, and petrol tiuo j;, 
mo.tuseful. 

At all water cut lillin:,,; point., be~idea t-he hose required for the 
ca,u, a water-bottle filler should be pro,·idcd . This ia a. 2-inch irt>1l 
pipe. fitted wi th ¾-inch bibcook~ at interv!lls \.o which nozzle• 
small enough to fit in to ws,for -bottles are fitted. If fan!lels a.re pro
::.d~~-t hoy should be made so as t o allow 11irto escn-pe fro)ll t he bottlo 

\). Watering a r r a ngement• for animal&. 
i. Animals must not enter atreamg or ponds: wateri,;g must Le 

by bucket or from a system of trenches as shown on !'late 
130, Fig. 2, the sonroo of aupply being fenced off. 

ii . As soon a.a posaibl" pumps and trough, must be instalkd: there 
ahoulrl be aullident troughing to enable a.11 animala to be 
watered in one hour: an animal ahould b<- ,.]lowed fi,·e 
minute.. to drink a.nd four feet of lateral apa.oe. 

'l'roughs may be of corrugated iron or wood: cam·a.s 
troughsdonotla.stlong: if uaed. they mnat healigbt lyra.iscd 
oil the ground :.ml it is essential to protect them fro.,, 
damage l,y,. stout guard rail a.II round, one foot high~,· t lrn.u 
andon~foot<ll""'rofthetrougbs. 

illtl:,s::t ;i:,,\nt,,, !'.~~~~::11~~~le;,:~ ~!:~!0:~;,1~~; 
genera l tral'fi<•_ T he-y must never be pfa~d a.t, t.hc S1dc 
of a traffic ro«d 

iii . W&~~;t•~~~:":/~~~l~u~,e0;;;:;;'t"'~c:ti:i:~:a~~ricad.-s 
;,., The ground :i.t. wa.tering pll\OOOJ cut.a up rapidly: <'Onluroy or 

brick atanrlingsllhou!d 00 laid for a. ,mlth .,1 10 fed on c1tbc,· 
sid.,ofthet,-ough• 

A •~;i~i:"~1:.t:i!~:t' ,:::,,~,:~::~~J:•it~•~:::~;i::: 
notiooboard,. 

~i?u'.i~~£~~:;~~t~]!~E;:i~~l~;~g~1;:~~~~~~i;~ 



Dlraetion board a to tl,e W&kring pla.oes must be provided libcr&\ly, 

12, The~uhjeetol wa.t<:rsupp!y is dealt with in detail in .Military 
Enginoori"g, Vol.VJ 

l, In the open . - The oi n,plest &rro-ng~n,ent lot evoking in the field 
foranypa,r tyover2'J, iftlw b!>ltoare,wto!longduration,istopface & 
prOPo1·tion of tl ,e k ettle~ on the g,-.:,und in two parnllc\ rows al>oul, 0 
inches apart, h&ndles outwa,•ds, block t he leewanl end of tho trench so 
formed "ith another .kettle, lay t he flu, between the kettle.i arnl p la.ce 
ono or two rows of kettle3 on thooe already in pol!ition, 

M....,tirJllc&n hcarr,m;:ed•imilarly, hut,intheirc,.,.., notrno,•elhan 
eight should beus.-.1 together. 

2, Trench<la,-The moot ooonomi~a.l method when !itnc ffl avaHa.hle, 
ffl to dig or r&iac Q na.rrow •lo1>ing t"'nch for the fire on which the ktltlr,, 
are p!!\COO. The interstices &re then filled up with cl&y so that the 
fire, fed from the ffln<lwal'(l end, maydi·&w right through. A chiUllley 
m&ybebuiltattheothcrcndtoiMreawthedranght,. 

A type of ra.ised httl~ trench is shown on Plat,, 132. This "an be 
bu ilt of tin,, filled wlth earth or mud, brichoraods. All joints should 
he n>ade &i1t ;ght with day. &c. The chimney consists of ~mpty tins, 
witb the aide• or ends knoe.kcd out t-o form tl11es, '"""t.ing on a foundation 
of tiru, t\ile<l with ea.rth. '!'he en,! and chimney sho\l ld h~ ;ml] built 
ronl)d with clsy . sods. &e .. ruid round tino or stove piping can be added 
I-Ogive additiona.Jh.,ight. 

;J. Types of onm and cookers &re given (Flute~ 133, 134, and 135). 
Thooo shown on Plaks 133 and 13-1. are b~si built, in brick, but wi\,h 
~~:. can be l"' ilt with sods, if good aOOs s re ohtaina,ble. or with biscuit 

' The type sl,own on P lat,, 135 being portab]o, i• ouitablc for smnll 
detached part ies. 

4. Wea.therproof co~er ~hould be provided for cooks to enable them 
t-o ~repare food properly nnd to provide for t he stora.g,, of ratioru;. 

~!'';\~~".:~':~' ~t~':;',~'s~o':\~\~~:•a"!~ ;:\~. roof of corrugated 
5 . For storing rations& fly.proofsalciocsscl)tial in warm we"iher. 

A 8ale of light timber fram ing provided wi!h hooks from which to 

~:;]:;_ .. t .~·;,:i:bl~a~~ ~:~r,~o;:, ~:;'1~.~:n1~:. m,ule "' auy sire 



2. Latrines_an~ urinal pitammt be dug immediately on arrival of 
troops m theu b,_vouo.c or camp. Thege ahould be replaced """ aoon 
""" poo•1hlc_by uc111als of the type ahown ~ Plate i37, and by deep 
trench latrmes (P late 138). Thi• tl'P" without the trench is al"° 
suitable for the bucket 6J6te1n•, the ba,ck being made removable to 
allow of the buckets hf,ipg emptied. 

3. Accommodation~Shallow trench811 ,hould be provided at the 
ra.ie of five trenches por 100 men. Five ylll'ds run of d""p t,,;nch i s 
required per 100 men. Seating aocommodation should be proviJ~d, 
ifpoasible, for l0pcrcent .ofthemcn. 

4. Screen■ of cam·a.s or bushO!! should be pro,·idcd, and Ja1,rine,i 
mu.n be cleo.rly mo.rkcd "Officers," "N".C.Oa.," or " Men." 

100. R,fe,e. 
I. Camp reluse must be collected •n<l bu111ed, the ...,idue king 

buried. · 
A type of Wmporary incinerat-Or ia shown on Plate UD. .~n oil 

drum with tl>c bottom knocko:d out aupporteo on o. grid of iron bani 
resting on bricl..o or stones is equo.Hy good. Spa""• must be left below 
the grid t<.> form air h<.>IM and for raking out ,.,,11.,,.. A more permanent 
type of destructor may be built in brick. 

In eampi and trench systema numerous sma!l rewptacl"" (so.ndbaga, 
X.P.::1-1. g•bions, .tc. ) must be provided for l"'l"", clgo.rettc tins, &c. 

2. Diepo•al of manur9 ,-Dcfinite pl"'l<.'11 mu•t be o.llooa.ted where 
manure mo.y be d um ped; these ~hould l>e at a colllliderable di•ta noe 
from c,uu j)fl and hoIBo Jin.,.; the heapo must be properly built up, 
and co.-ere<l with l foot of .,..,th. 

3. Di• po•al of dead aniino.l•.- DMd animal~ muat be ski1111ed, 
out open, and buried, the place being clearly marked a," foul ground." 

CHAPTER XV. 
SHJ<;LTERS AND DUG-OUTS. 

101. lJ,grurefpr°"dion. 

~~:~E:i~~~~:~7.:;1:h~~aF. i=!~~:!;!~~?J~f: 
pasao.geJI oalled dug-out.a. 

2. P r otection ia given iu t-hree dogr.,e,i. 
i . Splint er-proof , against penetratiou by splinters of shell~ of 

a ll cali bres. 
ii. Medium &hell-proof : against direct hits by shc!b of all 

calibreaup to6- inch. 
iii. Shell- proof : agai1111t direci hira by ahell.i of o.11 ca!ibrea 1!-n<l 

""ropLmobomJ.,,, 



The oonotruetion <>I •hell-proof building,, &hove ground in,olv"-'I a 
largeamountolsted,concre«land highly-•killedl&bour; lhiaaubjeet 
io dult with in Milit.a.ry Enginooring, Vol. lI. 

i. Sma.ll elcphantshcltc!"ll, 
ii, Lllrge depha..ntahelle,.,,. 

i ii. Curvodcorrugat,,d-ironsheel.8. 
iv. Trougl,ing plateo in 6 and 9-loot length•. 
v. Timbcr,raila, steel joUll.8, logs, &c. 

2. The • mall corrugated •tee! ah elttt r {P\ate t U).- The co,nplete 
Welter oonsis!'I ol five segmcnl'I or arohei,, e&eh oomposod of two sheel'I, 
2 foot 9 inch"" in width, wh ich overlap 12 inche,,, &nd are fastened 
together by six ha.If-inch bolt,,, 11 inches long, t-hroogh hoJ ..,.,Jrilled 
in the oheet,, for thiq purpose, each aegment overlaps the n~,n by 
),nll a,corru gation(3inches). 

To e«:c~, )&y out ~he 4-ineh by 3-inch ti.mbe.' J,e&«:~•, put, th~ curved 
r,cgment• mt-0 poa1t1on, dnvc ,n the cla~p nail• prov,ded, and n :ul on 
th e 2,inchfillet (Plate lU). 

J:livc segments of "small elephant , helter rn&kc 1t shelter !2 leet 
O inche• Jong, "" ~hown in penspedi ve on P la te 14,1. H more head 
room ia required thru, ~ ieet 9 inches, i t can l>e u i•ed on t i,ul,.,r lmui<,• 
(rlate HZ, Fig. I); it should not be supported on a Mndhag wall, 

3. The largec.,..,.ugatad eteel ■helter con,,ist,, of •even,..,gm~nts or 
arche!l, eachcomp<-..edof th~•hee"9ol corrugated steel :' foot 
9 inch"" wide, which overlap 18 inch.,., &nd a re fastened together &nd 
en,eted in the O&rne way Ma small elephant shelt<!r. 

1J~ example of th~ uac of a large deph&nt ohelter is given on l'late 

The ohee"9 of steel she]t.,n, may be used aingly, in which """" wall 
plato. must l>e provided. Singlc sheet<iobo uld not be used to support 
big weights. 

4. Cu rved eorrugatad iron can be 1,,ied rosting on duckboardil on 
edge. T his ma.kcs a quickly constructed treMh s l,eller "'" ~l,uwrt on 
Plate 1"· They can abo be used on timber lrMDes "" shown 
ou P late U 2, F ig,,, :' .~n d 3. 

6, T r oughilllil' plat<is , 0 foot or 9 foot long and 3 feet 3 ind1<S< wide, 
.....,cono.i<lru-a.hly ~trongerthao curv&dcorruga.tediron(Plate t ~ ). 

Aoont«i•npport i•""'l.nired, 



103. !kmral,n&Jri,c/ioru 

I. He fore commencing s.ny shelter or dug -out, deci<le wh11,t degree of 
protection i• to he provide<:\, aud what uumkr of meu are to he aooom• 
modatcd. 

2. D ug-0uts intended to be splint-er-proof. and medium shell-proof, 
aro nrnde on the"' out a!\d "over" principle, th a t i~ to say, an excava
t ion is made in which & •helter i• built, and then <:<n>ere<l np. 

When con-ug£>,\.OO steel shelters ,.i'e used for th'.a p uep,:,e~, the t'nd 
not used Ila an enta-ance must be cloaed and fii·mly strut ted. The 
fr&rnework on which t he shc!Wr rest.. rnuat be bra.cM to prevent colla pse, 
and the a rch must be supported centrally t hroughout its length 

Steel aheltera erected inside bouaes ehou ld be pla.ce,d well ba,,k fm,u 
the walls and covel"ftl with aandba,ga or oor.c,ete. T he i"\dval 
bet ,.wn the ahelterand wall sho11ld not befi!led in wit;, loosa e;,rt:, 
o r rubble, as these mat-erial.s will only ~ervc to tran.,mit the shock of " 
bur;itingahe!f, 

3. All shelters and dug-0ut .. must be con;,trueted to resi~t the ellret 
of tho explosion of " shell ,war them and <mllileq_uent oollapoc,, oven 
if they M-e not d'-"!igned lo re•ist "direct hit. 

The frnmework must, theN'fo,.e. be in the form of " box braced in 
e,·c,·y dirootior.. The es.sential points ill conatruetion ""' :-

i . Sides mllilt be J>revented from oolla.psing inwa.rd", by 
strutted top and bottom. When squa re t im he ,. is 
the heads lllld feet ~hould 00 kept .~pMt by a 
n ai led on; clents are u wlcu(f'lnl<i 146, Fig. 3) . 
mu•t not bH used. 

ii. The whole box moat be prercn ted from ,liatortion by dingon&I 
bracing on •id"" and ends. 

iii. Except in i,,.,,J d,alk or rock, ail!s or bearing plu.tes mu•t be 
plaCW under the upright,, $U]'JJ01·ting the roof. 

;,.. J oists must be laid on edge to obtain the lull • treo~,tl, (Pla te 
148). 

v. Theymual,heplaccdsothattheapa111!11MM•hortMpoSl!:1,1c. 
vi. Timber joists ha~ing lsrge knot. should he placed so that the 

kno\8 are in the upper i.nd not, in th<l !owt'r surfo"c (Plo.t" 

,·ii. Th!"!;f:\/tmbcr joif!t-8 must ha,e II good bto&1it1~ on 
relia ble •t1pporta(Plntes 146, Figo.2and4,and 147). 

Yi i i. Uprights should 1,e round or •• neady S<\ua re as pos.,il>le. 
ix . When fostening hcary \.iml>em toget her, dogs and spike• ,nu.,t 

not be d riven ";u,;n 3 inches of the edgo or 4 inch"9 of 
th~ end of the limbcra; <logs m,wt he placed on both 
si<lesof the frame. Auger holt'S must beboredforspike,i, 
orthcfattcr"illsplit,thctimbors 



i!M,. Roof._ 
1. The roof muat be weatherproof. Corrug&ted iron or similar 

rn&terial, usedlorthi• puTf'O"", ,nu•t begradedtothrowoffwa.l<,r,aud 
thi• and other 8urla.ce water mu!t be prevenW from entering the 
oho\t.erordug•out. The grading of the roof i,, done hy hving one aide or encl slightly 
Higher than the other. 

When laying corrugat..r:I iron on a slope, th e lowe1 ~yers a:r,, 
la id first, the upper layers oyerJapping the lower one•. No,,\s ahould 
:n~i~en ihrough tJ,e l'idg01!, not through the va.lley• of corruga.ted 

2. Where two girdc"" cross each other they rnu•t be firmly damped 
t-0getber to proven!, lateral movement; distance piece• must be fi t\.cd 
between pa.rallel girders. 

3. App<mdiI V, T:.ble 6,giveil the o&fo load which can be carried hy 
certain gir-den, and rails. J,'or timber joi•t.! and round poles 'l'ablc 5 
canheusedthu-tofir,.\theoaleloadperjoiatorpnleforany•pan 
of roof divide 16,000!bs. by the number given in Ta.ble 5 for the joiator 
pole at t he roquired •pan. Example: 9-inch by :Unch joliit<t will 

oafely carry 16•~\ba. per joi•t in a roof of 7.foot apan, 5 being t he 

figure given in Ta,b]e 5 for 9•inch Ly 3•inch joi•ts overs ap,m of 7 feet. 
4. 'l.'o find the weight of eart h in lba. which may be •upported Ly cone 

girder or joist, multiply the span in loot by the distanco apart, of the 
girderr1 infeetbythe deµl,hol earthinfeetbylOO (a cuLicfootof earth 
weigh,roughly lOOlb.,. ), 

Thu•, to support ,. roof of 2 feet6inche• of earth, ii the •pan is 
S.feet•, 40.Jb. rails may be uoed, spaced 2 foetapart, or 5.inch by3·incb 
gmlerr13feetapart(T"ble 6). 

105. Splin!er•p,-oef•. 

l. Splinter-proof protection i• given by 12 incheo to 2 fetet 6 inchc• 
of earth. Ea,rth ia not • hell•proof until oome 20 to 30 feet ie used, a.nd 

:n;~~~j~~-m~;'b~h,:~i~!::~cb:'~!t;~~~!: :~.\h~"'.'."~I~~!:,~ 
a useful addition to •pl inter•proof co~er, but the depth of the whole 
roofco,..,ring•houldnotcxcocd2feet6inches. 

2. The e&rt~ an~ bursting course ia '"'" ally eupported on one of the 
,hcltcra<iescr,bed ,n i''ec. t02andillustnted m l"Tat~s lU t<> 145, 
but a revetted troneh can be roofed with oorrugated iron •hoot., hurdles, 
plank,, ,\:o., sup"?~ Ly joi.te, po]"", &c., laid a.ernM the trench. 
Fire and common,cat,on troncho, must not be treated in this wav as 
they q uick ly bec-orne b locked under •he ll fire, but""""'""" should be 
dog off them preferably IJehind a trsvene a9 shown on Pl&te 1~; 



&lit trenehea (See. 33, para . 2) provide good •plintN-proof prot.e<:tion. 
Protection nf huts o.nd tent .. from •plinten, i• doolt with under tho,ie 
headin)l~ in ('h&pt~r X IV, but in large c•ml"l this protection 8hould 
beauppfomented byaht trenchea. 

106 . .Mt.dium&/ull•proofa. 

I. The oover require<\ to give full proteetiOll from ohella up to 
6-inch ia ..s follow• (Plate 149) 

i. Burster. This turna iho nose of the ohell and cau"'-"' it, t.o burst 
bcforeith&s penctrated toof&r, 

ii. A cushion to absorb ahock. 
iii. Oi•tributingoourse. This epread• the atrt"611e6 caused hy the 

exploeio n over & large area of the roof. 
iv. A second cushion. Thi• aota aa a buffer between the distri. 

buting courae &nd the roof. 
v. A thin layer of hard material immediately abovo the roof, to 

atopaplintcra. 
2. A burster of non-rigid material-broken brick•, otone sets, or bard 

cha.lk-,.bout 2 feet thick, has been found •nperior to slabs, ra.ib. 
concrete, &c., for. &[though it muat be Utiokcr, it ia lcss aw,ccptible to 
permanent d&mago by shell, snd ia more <l&llily repl!IOOO and n:pa,ired. 

The burster must be carried well over the front and 11,itleo, ao "'" to 
protectthcmMwell M the roof. 

3. T he cushion should bomadc of the apoilobto.ined from the exC1tva
tion of tho dug,out. It ahould bo about 3 feet thick. 

4. The distributing courae ahou ld consist of log~, rail~. &n., tied 
together with atout wire, ao "'" to form II mat. The m.s.teria.J should 
be !&id touching and,if po8Siblc, in two la.yer$, 

5, T he second cn,ihion m11y be aimila, to the firat. 

6. Theinner\ayerm&yoonaiatofOinchMofbricU,atoneorconcro~ 
laid ont>o..rdaorcorrugawdiron. 

7. Pl11te 149 ohows oome det&ila of construction for,. dug-out pl"OOf 
agllinst a. 6•inch shell. 'l'hc timber construc~ion c11,n be di•penoed with 
byuaingoneofthcstccl&helteradeilCribedmSeo. t02, 

107. T,mndh,I dug-oi,t&. 

I. Shell .proof proteetion under grou~ i• _obtained by tunnell~d 
du~•cnta, Detailed information on thia aubJl'Ct will bJ found m 

l',ti~".,~!:f:::~~• ,:':;~;v~·hich givea ehell•proof protection is M 
follow•: -

Hardchalk ... 20foot. 
WeatheredchRlk 25 feet. 
Clay 30foet. 



In ch11\k, economy in tim l>er may ofte!l be effected by sinking slightly 
deepertbann""""'81\ryforcovertor""chhacdsoundcha1kinwh ich itis 
not nee-ryto timb.:-r gallerie•andchambers. 

2. Tunnelled d ug-outs h&ve the following adv&ntageo over concrete 
audcut-&nd-coverdng-onts:-

i. Their con•tn1ction in,•oll'es Jes• l&bour in proportion to the 
accommodation given a nd •Jfor<ls more immcdiote r~;u lts. 

ii. They gil'e complete protection, bot,h from aet,wl f>' ncoration 
a.nd "ouaconcu ·on cf'\e, 

iii. Their e:,:ad position can, a• a.rule, be bett,,r eonceal..-d, although 
t he spoil remove<! from them mlly indica.W their uisten<'t' 
ina J)&rtioularlocality. 

ThediM<lvantag,,,ioftunnclleddng-outaare:-

i. Difficuny of ru:it owing tQ t he depth &t which th~y ha,·e to ~e 
mad~. 

ii. Ventilation, lighting and drainage are often v~r~- diflioult 
prnhlems. 

iii. The na.tur" of the strata may prevent (L d""p d1>g-out from 
l>eing made in the 1-t tactic11I pooition. 

3. D:iapoaal of &oil and O&Illou llage .---Coneca lment of the spoil 
exc,wat.ed i• <>I the utmoot importance (Chapter TX ), and tl,e total 
amount to be dispose<l of muat be considered before work is begun. 

4. M aterial .-The material gcneraUy nv&ilsble for lining ga lletie• 
andchamber.is :-

F or inclines and galle riu :-

9-inch )>y 3-ind, timber aets. 6 loot 6 inch"" by 2feet9 iMhes 
rnternaldimcnsioru, (Plate 150, Fig.!). 

9-ioch hy 3-ind, t iml>er ""ta• 5 feet by 2 feet ll inehffi internal 
,limenaiona(Pl&te1!.0, .Fig.2), 

Pit pro!"', 4 J t.o 6 inche11 in diameter. Steel girders (R.S. 

!Agsin~0~1; )~l ~~~~; ~a~d\~;t~na:!Jo~:"~e~~t. 

11}-1]::i:,~c~odation which may ho.,·e to I,;, provided includ e, 

i. Cofi:~~dg t:!1~';;~r(;,{:~/~~t1nJ':i, ~; ~tlion and higher 

;\\: t:::~:~~,~ :~: ;::~se1g:,~,~~:go7;~:!~:~ti! : ~~t.8-

'~:: ~~t:~}'-!:,,g•n\1 11! for infantry and artillery. 

vi. Dresainga lationo(Plate 155). 



6. Design.- Two main type, of dng-onta ,...,, given. viz. :-
Type •·A" (Plate 156. Fig. ! ), whfrh ll! more auitahle fo, offices 

and officers'quartcm. 
Type " B " (Pla.tc 156. Fig. 2), which is mor,, Bnit.able !or men'• 

qua.rtcrs. '.fhis type invoh·"" 1.,,.,. exca.vation for the aocommodation 
provided and gives hett;-r ,·ent.ilation. 

7. Entr ances (l'latc 157).-E very dug-out must ha.vo a.t least two 
cntrances not loostha.n40foota.pa.rt. 

.'.',o a.tte,npt ahould be made to •trengthen the hell<] of an incline. 
)lopraut.ioalmeanswill make itp roof 1<gaioatadire,ct hit,audtbeusc 
of concr,;te and girders only render clearing and rep .. ir more d iffi cult. 

Itll! ~ ntia.ltoprc~·cntentranoesbeco ,uingaumJllllortlrndrai!l a&e 
of t he trench. F or thi,, r,,ason tbey should never •ta.rt from tbe bottom 
of the trench. Flooding DI be,it pre,·ented by commencing Lhe incline 
11ttheend of aahortrcturnolsuch (I. ]cngth"" t-0 allowf, {ef't betwe.en 
the side of th e trench and the atop at trench boa,rd level (l'lale 157. 
Fig.I). 1'hiaapaccallomiolcl<trastcJJ11beiuglM.idedasu~-, 
without blocking tho cntnmce. T he return •hould be mOOe weather
proof (not splinter-proof} and camoufia!(('(l . 

8. lnclinea.-l nclin.., ahould be driven at a slope of 4!.>" and ahonld 
i>e close cased with aeta :\ inch"" t hick. The minirnum widlh a.dm iOB!ble 
is 2 foot 9 iMh"'l, aa in the ata.ndard set. There a.re two methods of 
timbering,vi2. , vertical and normal. 

Vertical timbering (Plate 11>7, .Fig. I) is not recommendOO for 
miskilled men , as t.hcy ha'""' diffieulty in cutting the s t"'P" prop.,rl y, 
wi t h U, e ,..,.u)t that they ,mut1ble a.nd tho franH.'tl ~lip under t h~ shock 
ofa"hdl. Lcgsshorterthanfileet give insuffi oientheOOroorn . Steps 
should ha,·e !l inche,; t rea<l and (I inch"" ri..e. Steps narrower than 
8 inch"" a.re dangerous and should not be used. Vertical timbering is 
"8for whenriaing t.hro ugh bad ground. 

Normal timbe r ing (Plate 11>7. Fig. 2) is strong,,r .. r.,qu ires Jc~ 
of ~horter length to g;ve the ncoo,aary headroom. ~nd ,,...,g,ilarity in 
the width of the sett.,, ue.ed docs not affect the ata,cway ""'ataP' arc 
put in afterwards. 

9. E,i;eavation and timl>ering.-}'or either ty pe first, exc,wat., t he 
bottom a.nd place the grOml<l sill truly. Then put in the lega, Heavating 
only enough ground V> pi""" ~hem. Then exc&vatc for &nd place the 
top ad L Dig out the r~ma.mmg ground. 

~e,·era.ttemptt-Oex""v"'te for aeveral oeta tobe timbert'd later : 
tbi~ endangers the lh-ea of those work ing, and. iftbc fact•or ~ides t,,.gin to 
"run." involve.! ,.,., immense 11mount, of labour .a,nd leave• "' weak 
<mtran~ .... 

Each aet should be "l:we,d" bsok t-0 tb e provioua one, immedia.tel;1· it 
i~ pnt in, at top and bottom, bv m~aM of,,_ shor t, len,:th ol wo,~l nl>out 
l feet 6 inches hy 4 inch~• b,v I inch n,:,.iled to L>oth set". In the caso 
of an incline timh~N'<.l normal to the s loJie, tho s ide piece• of the stepa 
form the bottom lacing. 



-- ---
.~ftcrwards all actii ohould be •trung together with 4-lnch by l-inch 

w<>Ode.,runnen,,apik00.about,6inch""fromthetop&ndbottnmof.,..,ch 
&ide or flat b&r iron ,pecia.11~- olotted. 

Solid chalk ;,, moot eaaily brohn to,. "cut·• (;. ~ , a n&rrow £xcava 

:t.:·~~~rti:~n~n~; tf~: ~fct~t~i~ ~:~:t':.n" ... ';7;~1~";:~t·,.; 
to l;reak to one or other of th""" cuta and not u."11. indiocrimin,.t,,ly Mer 
thefa.:,e, 

For normal timbering a tcmplct in the Mlape of a 45" triangle with 
2-footaideii&ndaplummet •hould beprovidt<I. 

Tool r~ ahould be provided s.tthe hottom of ea-eh inclin~. 

10. Galleriu.-In boo. and doubtful ground galleries should be clooe 
timbeced, but in ordinary chalk and dry clay the sew may be •paced 
up to a maximum of 4 f.,,,t., thus ""onomiaing timber. ·top l"'l(ging 
{l l to 2-inch ho&rding) must a!way• l,e u8"d and, except in .,,li,l chalk, 
• ide laggin)!; of I to q -inch boarding, oorrugated iron or u :pa.nded 
metal,,ke.,isalsoneo,.,,.oary. 

When there i• any .Joubt as to the at<t.bility of the roof, work should 
be carried out by "•piling" (i.e., "upporting the roof a.h~ ... 1 of the 
e~c,wation), In I"°"", h€&vy ground thia ia the only mdhod to adopt. 

Plate 168 illustrates spiting. The wha.ling l.,oa,,d, of 4-inch by ~-inch 
tJm_ber. Ifft.a on distllnoe pie<>eO placed on top of t l1 e top ~ill of the 
ordinary frame. Tl,~ di,tanoe pieces are large enough to a,lluw the 
spiling bo&rtls (i.e .• overhea.d Jagging) to be hammered forward between 
thewhalingh<me<l 1>ndtop sill. · 

The spiling boards "ro maintained at the original angle by using a 
i p,1n, top•i l\ a,s&distance pit,t-e, be&ringon theapilingboa,·,L<olthe 
set behind. 

In very he&vy ground the •piling 00/l.rd~ may bend with tht, weight 
before they can he dri,·~n home; in this c""" intermediate temporary 
oeta are uaod. The forward set support,, the end of spiting boards, 
while the l.>ack one ...,,v.,,. a.s ,. di•Ulnce pieoe to mainWlin the angle of 
drive, 1'he boards are driYcn from underneath the cap. This method 
neoeMi_t&te. the. e..1:<,,.>'ation ol t!te ground between set.a in two di"tinct 
oper.\t,ons; finit, to 11la.oo the intcrmedio.te 0<t o.nd then to place the 
penno.nent 8"t. lf it is n""""""'ry to pick out the gnmnd ahead of the 
•piliugboards _tof.,,ilitate ,iriYing, only piokoutenoughtoallowone 
bo&rdtobedn.-onatatimc. 
.,,!:'iling board• ahonld he at lea,t I foot longer than the apan bctwocn 

Rxesnt.io,1,- A,, for cntranco•, alwo.ya break too." C\lt," 

11, Ch o.rnbe.ra.-l'i!la.rn of •olid ground of" minimum thickno,a 
~~,~i:~ in ch,.Jk =<I 20 feet itt cl"y, must .. 1way" be left bot-wee!\ 

Tu ordinary soil Plt~mbcrs should bo excavated 9 foot wide and 
timbered and the root supporte<l with standard RS. joistaon pit pro!"', 



1n clay or soft chalk the joists require int,:,rn,ediate props, which 
shoul<l be inserted aftcrw&rds. 'l'hey nocd not be p~l in the centre 
of a girder but should be MTangod to facilitate bunking, &o. 

•a;,1~~",.!:":;1.i:: ;~~,c~;'~i;~f.!;~C:~t;!,.~~ !i'.~~ centre,, in clay or 
To prevent tbc side props from being pushed inwards they are ~on

necte<I to the girders by clips or brackets. The usual patterns areshow 11 
on .Plate 150, Figs. 4, 5 and 6. The clip ahown in Fig. 6 must, be 
fixed when the girder h"" been put in p lMe. Propa should not 00 
wc&lrnned by not<lh ing them. 

Gird= mu•t be aide-strntt.e<I to pr,:,vent t hem rolling over and 
buckling. Four struts of 4-inch by 3-inch timher a.re wedged hetw<,e u 

;~:/m~~; ~d,},:;~:;:!::~ ~~~em.is of 3 feet a long the girder. 

In clny, loam or sand, foot blocks 12 inchM by 12inches,or in heavy 
ground, groun,lsills a renec,,ssa.ry. In good chalk it is sufficient, to let 
t he prop3 ineh<o<i intothe Hoor. 

Excavation and timhering. Except in v~ry solid ground spiling 
~hould he employed (Pla.te 158). Apart from the danger to men 
working if any f,J!a occur, they not only delay progresa but s,,,·iously 
weaken t..he overhead cover. 

The excavation of the whole f..oe in one pieoo should not be 
a ttempted. T"'o methods a.re suggested below ,-

No. 1 Method.- First dri,·e a pilot gallery. The most ooonomical 
,ize is about 6 feet by 2 foot. This &hould be timbered and l>e approxi
mately in centre line of d,a,n ber. Such o. ga.ll t ry aerve,i a.<., u.efu l 
cheokcn levels Mid direction. 

In connecting J:,et,.-,,,m two entrances it is as well to push this right 
through and see m-e t.1,rough ventilation prior to starting the chamlx-r 
proper. Men wwk much f,... te, in a well-ventilat-ed gallery. Where 
&pee<] is very important,, howe,·er, the face of thochambcrcRn be worked 
at when this ga.llcry is JO f.,..t in adv,.nce of it. The gallory then forms 
a. "cut" to which the siolee of the ch,.ml>er &NI broken. Two men can 
work on each aide. 

No. 2 Method (without a. pilot galler.v). Cut out the sid"" of the 
cha.mhcr 2 feet 6 inches wide i,.nd the full height, d ririug forward tbe 
spilingboa.rdsoverthisareafi rt<t, \Vb<'llbnthsidesare removedton 
suffi.,ieut <lepth to •~t th" next proJ)", cot out the top of tlw ,,,,ntre 
buttrn .. ea dri,.,in g spiling hoards forward "" before. Then catch up 
thc..,bonrds byabcam ,mdemeath,supportedoncithcraidcoftbe 
buth-••~• by pit-prop!!. Set forward ~irder, diatanoe pieces, whaliug 
board and wedge• and \,hen pick out the cen tre buttreijS. 

12. Drainag,,.-- Tn wet ground. i.e., where pumpingi• D<'Ot«S&ry, th e 
water in the dug•outahould he colleoted into one or more definite su mps. 
Correct lave!• arc, therefore, ol the grcRkll t importance, Rnd skilled 
M@i&tanoo will probahly he nee...,,,.ry. The chambers ahould he I loot 



Ligherth&nthegalforyand•houlddraintowardsit. Galleriesshould 
have a fall of l /50 t-Oward• the sump t-0 count,ero.ct small crrort1 in 
se ttingthe fram ... 

Trench boardB should nev.er 00 allowed in gallerieo. '!.'hoy co!l&et 
filth Mid obstruct the dra,nage . To enoure oleanlines8, when the 
difficultie•oftraru,portarenot,· toogreat, thefloorsofchamber,iaud 
galleries maybe covered with a ],.yer of fine concrete. l inch thick, 
laidone~pandedmeta!whichi• nailedt-Othegroundsi\ls. 

To preventthe roofofadug-outleakinginshatteredohalk,allshell• 
holes a lx"·" it •hould be filled iu ~o M to de,·tlop a •light mound. 

13. Ventllatlon~Ventilationish.,,at,.,..uredhyadoptingtype"B" 
for men's quarter!! (Plate 156, Fig. 2), and,in big systema, bysiting 
1be ki1-0heru,soa.sto0&ist,·entilation. 

Vertioal shli.., when used, should be utilized Mkitchcn flueeand 
sitedacooi-ding\y. Tnchalk,aounrlcar\.h,"ndclay,holeashouldbe 
bored tothe surfacetotakekit<:hentlueaandto~istventilation. 
Speci,.Jprooaulions n>usthetakent-Opreventgas enteringbythebore
holes. 

14. Bunldng.~ A method for a 9-footoh&.mberis shown on Plate 156. 
Fig.2; itprovide8 aseat and,.blankwallforhangingkit. 

Unnka ohouldbe6feet6inche11 by2feet. Thi, govornsthelengthof 
the chil-mbcr •. The cubio ai, sp&ee il-vailahle allows for threeticn, of 
hunk• inohambcr,i8footwido,but onlytwotiet'llinchamber,i6feet 
wide. 

15. Ga■ cur'-ains.-OM protection ia dealt with in Soo.~-
16. Working part.in and loota.ge .- The usual working !"'•lies, 

exclusi,·eofthoiieemployedindiapoo.alofthe spoilonthesurface,&1'8 
given below:-

Iman picking. 
I man filling sandbags. 
1 manoanyingloreach!Qfeetolentcanoe . 

.Progr,...per ahiftof8honrs •houldbeabout21eet6inches. 

: :::~ racgk~:~. t Rclicls for men "t face. 
] tn8ll8""'isting. j 

N"cm;:.- Two r,:liefa are nocC8Sary ii a fair advan ce is e~pe,cted. 

Progre,s per •hilt of S hours ahould be about 3 leet and approxi• 
matdy300bags per ahiftwillbcprod.uced. 

c....,.yingparty. 

lmane&ncsrryl()(lb._g,,,.[ong l OOfeetofgalloryperSllourahilt, 
l mancancarrylOObag,,uplOfeetofentcanceperSho11rt!.tift. 



Thcb&!tmcthodistoworkinrelaya,c,•ery30to401..-et,ofgaUerJaHd 
C\.'ery/i to7 fcetofcntranoo. 

I man pickinginp;Jotga.Ucry. 
I nuLU tllling in pikit gall~ry. 

U'n]eijs speod is of first importance thi~ gallery is dri,·en in ~d,·nntt 
l'rogreaoshouldbe 4 fcctpcrshift of8 hours. 

Providcdt1,epilotgallery haslw.enorisl>eingd 1·i,·en,
• Men employed on ohamher fa-0e :-

2 mcn picking. 
4 men filling ba.gs, •etting and anpporting tim~r. '.fhese men 

pn,viderel;efsforpickmen. 
Progr""" per •hift of S houn, should be a.bout 2 feet (i inches, a.nd 

a.pproximately 560 hags wm 1.>e p!'Oduced. 
Carryingp&rtycalculatOOasa\lOve. 

2,ncnpicking. 
4 men filling and timbering, who relieYe pickins; men M tht-,1' \i"'. 

Pl'<lgreos per ahift ol 8 houl'B should be about 2 fedand a.pproxima.tely 
450bagswillbeprodneed. 

Carryingpru-tie><M.fonlat OO a,above. 
SurfMe party.-'l'he num ber of men dumping depends on nature 0£ 

dump,;a.nddi.stance olcarry. 
1 man CB,n carry 100 b...,;a 200 feet in S hours on aurface under ordinary 

trench conditions. 

Labour undergroun<l can be economi~e<l hy the use 0£ trolley.~ and 
windla.s,;ei! • 
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PART IV.-COMMUNICATIONS. 

CIJAI'TEH XVI. 

CROSS-COUNTRY TRACKS, ROADS AND TRAMWAYS. 

108. Qrl)IJS•WU.ntrylmcb. 

!. Cron-country t rack a are made for the fo!lo,.ing rcMOll5 ,-

j. To relic,·~ eonge,ation on main roa.da by taki~ all foot and 
horeed traftic off them, at any rat-0 in dry weath~,, and 
"" l~a,·e them for thoee nhicles which aannot go acroe!I 
country. 

ii. To avoid ,'illages and other shelled areas ; the"" arc &eme. 
timesc~\l.,.j "a,•ohling" tracks, 

iii. Toilllprornand ahorten communications generally. 

Al! tnwk• mnst J.., reconnoitred, P"gged out., roughly levelled, 
dr,:oined , and provided with eignpo,,t'> at freq uent int.crvals. BatWrie11 
and CONpicuous pointa which draw firo mllllt be ~voided. 

2. Mark ing of tra.ck • .- All t rMhl must- be well marked, •o as to 
l,e easily follow..J, both by day and by night.. 

Tracks can DC marked in the following way'II :-

i. By 1~,.t~. 
ii. Bynoticeboo.rda. 

iii. llya tape line. 

Poat.. should be painted white. Haked pickets paintocl white on 
the sawn fa-0<, or screw pickets to each of which a Wog of canv"" h"" 
b<.>en tied may bc used . 

Poel8 ahould beapaced at 20 yards interval ; they Mould be clO<><:r 
togetherat com~!"l"'n<ldifficultpl""""'. lfbothaid.,.ofth,,.t,ack are 
marked, the pasts should_ be p!aood oppo,!it,, each other in paini, not 
chequerwise. A horizontal wiro or t&pe should be fixed bctwe,:,n the 
topo of the po;;ots ; the wir~ ahould ~ve short lengths of tape tied to 
it at 4 foct or 5 !Ml inWr vala otherwJSe men will not, see it. 

Notice boards .-Kotice board• may be subatitut.ed for poats. 
They have the adrnnta.ge tha,t ea.eh one ca.n be marked with the nam~, 
letWr, or 111unber of the track, and map references at importruit point•: 
black lcttcraonawhit,,ground arobettcrthanwhiteletter• on &blaok 
ground. For infantry trackii they • hould s tand 3 f...,t out of the 
gro und; for rnul~ tracks they ah~11ld not be higher tlum IS inches 
orthoywillbeknockedoverhythe1111&aingloada. 



" Up" and "Down" \ra,ika must bo olearly marked and tho name,, 
of any plaoes near which th" tra,;k p&sses should be marked on notioe 
boardsdcarlyvisiblcfromth.,lrad,, 

Tap6■ .-Te,pes are only a very tempora7 oxpedient; they "re 
soon oblit<lratcd by mud, and •houldnot be ilud earlier than the alter. 
noon before they n.re required; they canuot be ...,\icd on for more 
than 12 hours, uuless they llJ'C rai8"d from the ground. 'l'hi s can be 
done l;y running t hem through the eyes of screw pickd,s, '!'hey are of 
uM to troops on the night after an advan ce for marking tl1e wa.y from 
the company li .Q. \.o batta.lion H .Q., nnd from battalioH H.Q. to 
tracks leading to the rear. 

Lantern•.-Scrocned lanLercll! a.re uaelul at junctions and impor¼nt 
peints. 'l'hoy can be ma.de with eandl011 or snm!l oil Jami"' in perforat.oo 
biscuit tins with calico shadffl. 

Ma;ntenanca of posts and notice board.ii should be done by thfl 
track wardeilJl, derailed for the purpo,e. 

3. Cross-country trades are of three kinda :
·. I,'ormen. 

ii. I,'or pa~kanimals, 
iii. I,'or horecd transport. 

4, Track• !or m.,m~Th" mOllt satisfaotory track is one u1ad e 
of trenoh boards. Trench boud tracl<a should avoid mu le tracb or 
the tempt..tion to lead mul"" along the trenoh boa.rds will b.i irr.,,.istible. 

A trench board tra,,k shou ld he 3 le,it \\ido to enable n,"" to mOYO 
along it rapidly on & dark night without ri!!k of falling off. A one• 
w&y traok ,;.bould first be completed; M soon as poe"iblc, this t-raok 
ahoold be d uplic&tcd to give ,m "op" and a "down" route ; the 
tnwks should not bo within 200 ya,,h of eRoh other ; dire;,tiou boardi! 
must be erected &ttho termioala and at all plac:eo wbPre t he \ra.,ks 
crOM laWral rout,,•. The number of trncks required dept"n<ls on the 
taotical aitoatio11, bot two pairs (i.e., two "up" and two "dowu"I 
p,:r brigade front should auffioe. 

J.ateral communication betwe<in tra.ob should be provided, ospecia.l!y 
In heavily.shelled area.s. 

Jn croeaing ridgeo, the track should be laid in a trench of II anfficient 
depth tha.t men do notahow against the sky line. Trench boa~s should 
be la id on J.inch by !•inch tranaoma bedded in the ground; ,f !aid on 
tr"6tles, they are mu~h morn liable to damage by shell fi ,e, and n1en 
fall of! the tra-0k .. t night. Trest lea, however, are neoeaauy in awampy 
ground, in whi~h """"' they should be raised 6 to 12 inehe• from the 

gr;:1!~vent alipping, stout wirA netting (trench weaving} should be 
c"'rdu!lyfixed. No. 8 or No. 10 S.W.G. wiro ha,ial!lo been found aa ti,,. 
faotory. It should 00 well stapled down in a. diam ond••hapcd patfom 
6-inch t-O S•inch mosh. Expanded metal and "rabbit nett.iog" 
quickly wear out and then cause men t-0 trip. 
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Jn sandy soi!, a quickly,.1nade a~1d eOfoient tcac~ may be ob.tained 
hv•prea.dingoutrollsofwirenethng(i•>nch to J ,mch mesh)directly 

0\~t!~:..1::r:~~~~i~~~~v;!0';:; immcdiat.. vicinity, mats.by 
ground maybe crossed by means of brushwood nrn,ts, m&dool J ,incL 

'"''· Permallenttra.ckwardel\8mll.'ltbeappointdtorepairdamage. 

5. Tracl<• for pack anirnal• •hould be made at the same t ime 
a<>thetrMkAlormcn. Theyconsistolanearthlonnationonthebeat 
g1011ndavailable; t.heroute whichinw•lne theleatltearlhworkshould 
bechosen. 

Twooingletra-01,.,are better than one donbleone, butthej ahould 
be clearly visible from ea.eh other and conn~ted by switohesatfr..quent 
lnt-0rvalsinthe""mew&yastrenchb0&1dtraoks(seepara. 4). Loops 
1houldhem&do&t&lldum~. 

Jnfantrytrenchboordtrackashouldbeavoided(para. 4 ), 
The formation should be 4 to 5 feet wide for si ngletr&ffic,or 8 to 

!Ofeetfordouhle. Ifless than4foetwidethe m11leswill•lipoff. 
$hell,holesmustbeclearedofwaterbeforel>eingfilledin, otherwise 

1-befillingwillahrny,,beasoftplaco inthetrack, 
Surfaced,..;nagcmnstl>eprovided,byn,eansofaditchoneachside 

ofthetrackdischarginginto large$hell •holes ;boxdcainsihouldbe 
put in whereneeeasary. 

MnlM' feet >1re small. and, in wet weatl,er, re&dily sink into soft 
ground, rendoringitimpMsable jn a Yeryshorttime. 'l.' hefollowing 
method$ have been louuJ ,uitable fo,, crOSBing boggy pat<lhes of 
gronrnl:-

i. F a.scines, wit.h&la.1·erofearthonthemtoprovcntshoeabeing 
pulledoff. 

ii. Hurdlos. 
iii.Corduroyof logs. 
iv, Becch•lol.>,,Ja idon longit udina l nrn ncnl, 

6. T~acks !or honed tranoport can 00 used by veh icles in fine 
~o.the,only,anditm&ye,·enthPnbenec-..cytofoUowroads/or 
•hortdistanoos to aYoid boggy places . ltis very important to fix 
noliC<\boardswherothotrackenteniandleaYestheroad. Theaetracks 
o.resimilartotcacksforpa-0kanimals,butshouldl>elSfeetwideand 
mo,rkedontonOOthsides . Sidedrainsaroparlicn\arlyimportnnt. 

Whenmakingatra,,kMr<>Batrenc!tes,bridgingahouldheresortedto 
only when absolutely nece8S/IT)", e.g., when the trench muet be kept 
openor istoobigtofillin. 

\Vhcn t hetraekcrosoosatrench obliquely, it,nay beneceasa,-y, 
torthesakeolapeed,tomakethetrack,in t hefirst inatance,atright 
an~leatothetrenchee, lnsuchcases t hetraekshonldau~uently 
he made atrnigb~ as soon as possible. These crossing,, should he 
,uadewj\h cordnroyorl"8Cine,,. Wheel guidci, and handc&ila should 
he provided. 



If ,. track CIC>$>!e!l a road a length of 30 ynr<ls oneither , idc oftheroa(f 
should h<., lald with fascinea to pr,,,·~nt mull king carried on to the 
road. 

109. Rood.!. 

General principles- The object of "' road is to present ,. hard, 
even • nrf...-:e for traffic. A hard aurface can be obtained by using 
hard srone or ha.rd woods. &,ft stone, earth, clay, or anything tbat 
i• soft or will tum into mud must be avoided. 1'ho interstices in t he 
• urface of a road should be filled witJ, gravel, stone chippings, or a.and. 

To pr~ijont l'ln even surface, t he roa.d must have good foundations, 
ot herwise time l'lud traffic will caulle adtlemcnta l'lnd depn.aioru,. 

'fhe /ounda,tions may give way by bcinp; too woa.k, or hy tl1e failure 
of Lhe earth formation below. They ehouhl h<., com})Oile<l of a To.J tr of 
larg,, •tones, 9 inches thick, which traffic will not hanrnwr into the 
earth formation. 

w~~r~o;:; ~:~f:;· i~:::tt\: t:;td;;~o~yrr::~:~:~i::r d~~i~'.1~b! 
bottom of which ar,, below the lowei,t. p&rt o! the foundai_fon. 

The onrlaw of the rood i~ kept dry hy ma,king it higher"' the centre 
than at the sides."" that rain is&t onoe thrown off; otherwis,, water will 
lodge in ru t!! an d holH< and oo,,.k throngh the surfaoe and lonndation 
intothcearthb.:neath, 

110. Mtia!/t d roa4. 
l . Metalled r oads.-'fhc operations of constnocting a ro<>U are---

i. l 'eg out centre line. 
ii.Afarkoutsidedraina. 

ii i. Throw the e&rth oxca.v&tod from the d,.,ins into the C<lntre of 
the roa.d, so ,.,, to form the ca.mber, getting adrlitionol 
earth if ncc=,.,·y from horr<>w•pi ts ontsidc the draino. 
Ram thi~ e:i.rth (P late 169, Fig. I ). 

iv. Lay fonrl<lalinns , or sobng atone•, by hand , carefully packed, 
not forgetting the outer wa,l! of $()ling •tones laid in ,. 
trench to vrcwnt the road aprea<hng (Pia,\.., 159, Fig. 2). 
Soling to he 6 to 9 inchNI thick. a.oconling to the 
subsoil. 

v. L")~ t:~::"1:;:::~ ,.~:1 ~:i"!:1~ ;:;•i'W'~f!i:~~~~ p;t~~~~ 
vi. h'in~~~,;~; 1:if~~;~'~ :~!~i~;1ln':ione chippings, gm•el and, s t 

,·ii . Pu:t ;,: ~i;c~"~,:.li!i:e"':i'~\o the hnnnche, oft-h e road to 
prevent tmffw leaving the motnl 

They n,ust bo at a slope of 6,11 an,\ •hould be whitcwa1<hed. 
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2.- i. Camber ohould be 1/30 to l/40. Too much camber l• very 
iuoouvenienttowheeledtraffic,cauaingitt-Oslipolltberoad. 

ii. Templeta (Plat.. 11S9, Fig. I ) mu•t be uaod ln making tbe earth 
formationandinlayingandrolling1X>admetal. 

iii. Single-way traffic reqnireB a minimu m width of 9 feet of road 
nwtal ; double·w&y tra,ffic a minimum width of 18 feet. 

iv. 0 n a~ingle-wayroad,passiugplaoo8,60yard8loug, mU8tbema,iu 
a.tint-erva!aol400yar<lii. With adonhle-trafficroa.don ahillside, 
piekets4to6jnche• india,net-ershouldbe driveninevery 6feetou 
t heonteredgewithrourhp]ru,krevetmenttostoptheroad apreading 
(l'laW11S9,Fig.3). 

v. A.sthecentreof the road takes the most traffic andgeta mo•t 
h&mmeringagreatertbicknea,iofmetalc&nbeputthere tb&n&ttilo 
aides a.nd theeamberthu~improved. 

vi. Roads on sloping ground must never be graded t-Odrainright 
acros•from t he highertothelowerside oftheslope. Theyohould be 
camberedinthensualwayand,whennooeAAary, bo1<culv.-rtsprovided 
under the roadt-Oev&eu&te thedra.inonthenphil! side (PlaOO tS9, 
Fig.3). 

Where roads cross draiua, cat<:il pitB for silt should be msde in t he 
drains to prevent them from becoming blocked and flooding of the 
road. Thecat.ohpitsbouldOOmadowellclearoftheroada.ridaborn 
itand shonldbeprotectedby fencing or &atrongco,·er. 

ltshouldOO!argeenoughtoenabloamant-0geti11toittocleanit 
out,&nditadepthahould beatleast 2footbclowtheoutlet. Cakhpit,, 
ohouldbere\·ettedwithtimbcr,corrugatediron,ormorcpermanently 
withbrick. 
rai~~eyshou!d be deaned out periodically and invariably after heas·y 

3. Aft-er a $eYere l r06t., thaw pr<>cautiona, i.,., suspens ion of heavy 
and fast traffic, aren«:es&aryon all metalled roads on which there is 
mucht:raffic; thesepre<autionsmaylaat8<lveraldays. 

A frost followed by a thaw b&s a tendency to disintegrMe the material 
ofwhich&roadwaya,nditafoundationsaremad.c, with the result that 
the roadway would break up nnderheavy and fast traffic ; chalk i• 
eopooiallyliableto thisproc=of disintegra.tion. 

4. Maintenance.-Every road require,i & amaU ,,.a,j n\enan~e party 
orit will soon go topiooes. Smallncgloot.ed ruts becomoenormou. 
hoJ,,.,,.nderheavytrafficinafowdays. Waterandmudleftonthe 
aurfaoe of roa<laquicklydestroythem 

6 . Jl.epalre and improvement~. 

L llany roads aredeve!opmenUlofold t,a.cka,&ndin c<:moequenoe 
are "sunk" roads. They an:, waten:,ouni"" instead of w&t-enihedo 
(Plate160,Fig. l). 



This type of road requi...,., l'<!<JOnstrudion t,o .., • ..,.tahlish tho drains~. 
'fhi • can often be efft:cted Ly one of the methOilll ahown on P!a.te 160, 
F ig,,, 2 and 3. 

ii. In clay country thecl,.y, in wet weather, works up through ba.dly 
ms<leroadsand dffitroya them. 

'fhia ca.n l)e prevented by a 6 to9 -inch J,.yer of chalk beneath lhe founda.
t ion of the road; this chalk should be well rammed until it is smooth. 
Small broken chalk is Lett.er than la.rgc hard pieces "" it ooru,olid,.te• 
better; tbia chlk form• a ...,ai, Sand may l>e ru,ed in pli.ee of chalk. 

iii. When widening exiatiug (,ountry roads in 11, day co ,rnt,-y dig out 
the c&rtb berm a.in Mort lengths, d""p enough \.0 allow of (<l) chalk layer; 
(b) •oling; (c) rrn1d meta.I, but still preservo the camber. If tho 
tn,ffic ia not of the he&vieat, ,.g., heavy artillery, t1·&etol'l!, &c., the 
Plu,lk{ ifnot lesathe.n9incheathick)mayreplacetheaoling. 

Tho treatment i3 the ,au,e in the cai,e ol roadf! pa,cd wit.h sette, 
which Rre always bid ons<md (Plate 161, Fig. I) 

iv. Rut..-<:ut the rut out square; if the foundation of large atone 
h&.'l teen ,ie•troycl, rcplaoo it by hand pa.eking 11oling at-0nc and then la.y 
:,.nd ra.m the •urfa.oe l&ycr of mM:a.darn. In cl&y country, he can:ful l-0 
renew the chalk layer beneath the foundation whenever it ahow• algw, 
of deatruction. Shell•holelil re<[Uire aimi!&r trea.tment (Plate 161, 

!i!/;ith~:~e;,nc:~::fi/~:p:::!1/;~':;~ :i,~:1o:::n~. it :o I\~:!~ 
a. void for even ~4 hours will c&uac gre&t ,lamage t-0 the mefollf'<l centrn 
b~· allowing it to aµrrnd. 

p~~ !~n~i~it! t~:e;oN:i"w:t~';,:n~d:~ :;i u:~:~~;g o';':::~;~~oad in 

(<>) Establish longitudinal side dra.i1111 and cut wide g11,p., through the 
ba.nks of earth. mud ,.nd rubbish 80 \.hat the water will 
drain off th e rt>a<.L N'ewr dig away U.1e earth J,.,rma.. 

(b) Sweep m"d and waler off the road into the side drains; u&e 
hroon1•fo1· this, notscrapelilorahoYt'Li. 

(e) Deposit all soli,J mud, debris and spoil dear of the drains and 
on the lar•ide. 

(<i) ReP"i• the worot ruts fi,-,,t b,1· cutting out square &nd filling in, 
fL'! upla.incd abon, taking care to ram wdl. 

{~} lfsufficientstonciAa,·,.ila.hlereet.oresh&.peAndc&mbcrt.othe 
surface. 'fodothis, treat half the wulth of the. ,0,1.d at a 
time, length by length. Piok up thel!nr_fa- with pick•a.x_..,, 
aprcad mo.c..da.rn \,o !,he requ1~ed th1ckne,<11 and soot.ion 

\;'t:~1:d \:;'{t~te~t;:~ o;:~10':; w~;n~= k~~~ i:~ :~~:~~ 
a.nd will soon breakup. 

(/) Ifitislo11n<liha.ttheroadi.swo.rnconcavea.nd thattheehal.k 

~of':~~l~::,t: t~~~rr.::1~ilta;1l ,:o::::?tht;' ~ 0:.:! 
this (Pla.te 161, Fig.3). 

(Bl4783)Q 



6. Craten.-The deviat.lon made ro11nd,. ohcll or mine cr&tcr to 
allow traffic t<, paM in the lin,t ill'ltance. mw,t be ,uadi, dear of t l,e 
debris on the lip of the crater. Thie debris ia ,..,qui...-d for filling in 
the crater. 

Tofi llina,la,g~crakr:-
i. Rcmm·e:,.lloludg,,orwater. 
H.1-'ill to within 1 loot 6 inches or 2 lect of the surface with 

altetn&tivc coumcs of fi lled sandbag~ un.l ,·amme<l dry 
ca.rth ; orfill wit.hrnu,meddrychalk. 

Iii. Then lay a sl,•b roa.dway. ""de&cribtd in &c. 111 

Tir,htly filled !IIW.dbago co,•ered with wire nettinl!: or ~x1•~nde<l meta! 
or, which is pJ,..,,,.J 3 or 4 incheo of road meta! will forn1 a, pnctlcable 
rood fo r lorries. 

Wha,te,·erhard n,ateria!iaa,·ailablc,,.g., broken bricks,chalk,&c., 
mw,t be ,..,,..,rved for fi lling t.he top portion of the Cr-dt<•r; the bottom 
pa.rtshoul.l h-,ftlletl withsoftermat,,riaL 

A met),,,.J o1 dealing with small shell craters is dcscrikd on Plate 161, 
Fig.2. 

7. Causeways are w,ed fo1· roa.d crossings o,·~r ""'"!I stJ.-ams, where 
bridgi11g operations arc unnecn•ary. 

A causeway cons ists of i . acukert to carry off tho water, ii. a filling 
olearthorotherm:.terialtobringtheeurfacesolthHoadtoita con'E"<,t 
lew:l. 

1, The o,.h·ertmaycon$;Stof-
(a) llnnJ k , of b rushwood, foscinea, large stone,;, ,\:.c.., where only 

" tffinporary crOlllling ia required. 
(b) l2•inuh wooden box drains ,nil.de of 2-inch timber, which is 

gcMmlly procurablo. 
(c) ~-loot or IS-inch corrugated•iron culverts wWoh give the 

atronb""'tlormofdrain 
(d) &:t~d~TU::t;~,.';_ncrel<,I pipe,,, which require e11re in bedding 

T_he aizc of th~ eulvert te<j_Uired depends on lh? width and velocl ty 
ol u,~ ijtr.,a,,Ji . and the amount of water to be earned off, lnll allowance 
hi•ing madcforflm<l,. 

Thoculvcrtshou ldhelaidoualirmandlevelbed,s!ight,lyabovethe 
originalle,•elolthebedoft.ho•trea.m 

Wing walls arc. reqnir+.d to pi·ovrnt 11, fahe pa.,oage nl ,rnt.~r. 
The inlets of small auh-erts mu.at ho protect"ll \.y scrcem of wire 

nettingtoprcvi,ntthcmfromhe ingehoked. 
ii. E~rth Jillll.lg.-When the oulvcrt, hn..-e been bi,l , soil is t-hrown on 

Llld well rammed until a height of 6 inch<'<! a.bore the correct lc,·d ol 
t beroo.dway isre&ehe<l : tW.wi\lallowforecttlenwnt. 

'L'he oidd of the eart h fill ing aho11ld be l / l. and must he rovetted 
"" (ho work pT-ON-e<la with timber ond pole• (Plate 162) 



Aij!e<,1.er or ,·or<luroy road, as detailed in the next section, is laid 
down, the width of tho top of the cauaewa.y being 15 foot and the 
roadway lO feet in the d~.a;. 

Handmilaan<lcurbsshould be added, 
8. Plate 162 s_hows the detaila of a ca.Wiewa.y ea.pat.I., of carr)fog 

a tank. llandra,ls and curbs a re omitted. 

111. 8/ab, 11Luperandwrriuroyroa<l,. 

l . The road may be:~ 
i . A &ingle,way road. 
ii. A aingle-way road, which is t-0 be doubled when circumstance• 

permit, 
iii. A doubl~·way road. 

A aiugle-way road is 10 feet wide aud a double-way is :?I.I feet wid~. 
Slabs, sleepers and logs are usua.Uy supp\je,:l in 10,foot lcnglhi! 
Sia.ha are ol hard wood (beech) 2 inches thick; aJ...,pcni are 3 t-O 4, 

incheQ thick, u.sually of fir; corduroy of round logii split in two. 
'.?. A double-way tra<=k muat provido---.--

i. A ha.rd surface, which i• provided by the ha.rdwood WIOO., 
e.g. , broch. 

ii. An even surface, which must be c111mred by sufficiently st,rong 
=d wd).dra.inod foundations. 

3. 'l'oensuredrai:nago----

4. The loundation • muat be ma.de of autlicient layel'i! of fa,,,:,ines, 
ortimberb&ulhors\ccpcr,<t<.>pre,·entthetra.fficfromhammeriu/(lhe 
sud..ee into the growid, or making it wa,·y. T_he foundntions, in fact, 
must spread the weight of the traffi c. Th<1 finished oa.mbcr ahou!d 00 
ra.ther 10811 than with metalle.1 roads, about-f.Jto,li;. 

5. A double corduroy or slab road is made aa follows (Plate- 161, 
'Fig. 4) :-

;. Peg outcentrclim· 
i i . .lllark out sid~ <lra,ina. 

iii. "Exoa.vafo the drains deep enough t-0 drain the earth formation, 
tlrrow the e11rth into t he oentro of \.ho roud and ram. -"' 

=:·.: t.t:!~;h~~{E~~:1!0~:i:;;i::~~:!gl~:~:PE:: 
camber of 2 to 3 inchca. F ill in between with earth, au,I 



vi. L&y the runners and dog the two centre on"" together. Spike 
all runner. to the "1eepera. The ho!ce for sp,Jres and dogs 
mus!, be bored with an aug,,r, otherwise t he nood will split. 
Fil\ ;,.t,etwc,,nrunncrs"·ithearth,andran, 

vii. Lay the ror<luroy cl00<>, round ai de• upvrmool,, and spiko 
~ach log to ewry n:1nncr 

viii. Ln;o~~r~i~:~:• a'::Jh,; if;i'o; 1d~:7i~e~~·e;i• (J';c 1::ctu:~;1::,~ 
p ickets. 

i:r. Pickets should be fixed when t herunnenare l&i d, bu; may be 
a.ddedlatcr. 

6. Eartb b&rrn~ P"""'rve the side drains anu pem,it o! t.h~ p,W,age 
of loot and ride,· tramc. 'fhoy•hould be&tleast4 f,..,.t wide. 

7. In l&ying a, sin g le-way tra,:,k 10 foot wi,le, the &00vc procedure 
iofollowed, notpttha.tthacorduroyial&idflat. 

Corduroyed p,a"9lllg plaCffl lllu.st be provided every WO yard .. 
On hard ground, or for light traffic, the aloopera nMy he omitted. 

Fascin..,can beKustitutOO.for"1eepera. 
Jn swampy gr,,01rnd a layer of fMcine• dose together hti,1 in the a a rue 

diredion as the sle,e1,er,i, vi,., Ml'O$Jl the road must he p ut down first. 
The sleepers wi!lsqueczc in between t he fascine• and ensure the n,nnera 
having ,. continuous •n>ooth bc&ring on the !"'<()ines. Hihancts should 
be about fl inchra hy 6 inches, or 6 inchc• in diameter . 

8. Turning place&.-Ptovilaion muot be m.ade for turning plaeca 
&t all points at which wagons or lorries may have l<> unloa,1. The,,,, 
turning pfa= llllli!t be made jll8t like t.he roadway. 

Where "in'' and "out" roawl lo depo\.8 branch off, and at 
"refillins" point,;. the opposite •ide of the main road may require 
wideniug, t-0 enable lorriOII to proceed in either direct.ion. A turniUJJ 
radius of !0yordssl,ould he allowed. 

9. Converting corduroy road• t:=- metalled.- The rorduroy must 
be taken up e:,rnept when i t ha.a aunlc ,nto soft ground . and it i• f'O"•ihle 
to fay & lull t hickm"'8 of found&t ion stonea and macadrun on top. 
The old corduroy in thIB ca.ae improvea the foundations of t he road• . 

112. T,omW<Iyainfr,rwa,dor,as. 

1. l'urpoae of trarnway■~'I'ramway~ are required, ofte n in 
extension ol light rail way•, for the carriage and dil!trihuti on of am. 
muni\.ion,cnginecratur..,, rationa andperaonnel. 

They arc ,. mca.ns of getting ammunit.ion up to ha.ttery JKlijition• 
aitu&tOO aw&y from rol\da, of aupplying enginoor du mp• wit h 
material, of f""'liug the trooP", &nd of trallilpllrt ing working par tie;, 
to &nd fro m their de,,tin&tion, &c. 

'l.'he purpo!H) for which a tumwa,y ii! requirad should l,.. clearly 
detined belore workiohegun. 



Tramwa.ys should? if possible, be run on grad"" tli.a.t can be takm 
:~:,!'tJ~t}!!~t railways, thm ensurmg u little break ""' poill<ible in 

9.1t ~:: ,~!.c~r:;;;:t~lslfc= ::, ~;:: ~b~ :.:Ill~;:;;·"~~: 
steel slcepery, or ,. ~ombination of •toel a.nd wood ~l,;epera. The 
former type ,s ,IS<'d for JJU"h tracka or mule haulage and tbe latkr for 
power haulage. 

res9i:1.ii;i;oi~· ):;lkie::';t'::'~/~~:gf~':,.\~ils weigh 9 lbs. or 20 100. 
.llo lh tyJl<-"l of tramwa.y a.re supplied by the mile, and include ,. 

1iroportionofcurvcdra.ilsandtumouts. 

3. D~■cription_ of track. - 9 lb. track is mad, : up in the following 
proportwns per mile {P l..tea 163 and 164) :-

Toul pormile . 

The rails are i,ecurd to the sleflpers by mca.M of hook or dutch OOlW, 
which c!a.mp the flange<1 of the rails to a. Jug or pfate which is rirnted to 
the oleeper (Pla.te163, }fig. l). 

In addition to the •lcq,-,na . .,a.eh track section io provided with one 
joint plate which sen·ei< the double purpose of ! Upportmg the rail end,, 
a.a ,. sleeper ,md joining the enWlof the two &djaceut track section• by 
means of book or clutch bolts (Plate 163, ]fig. 2). 

The curved sect.ions arc al! of 15 m. (49 feet 3 itl(lheB) ra.din• {Pla.te 
tM , l''ig.3). 

The turnoutc, are issued rcady•ma.de up in one piece (Pbte tS., 
:Fig. 4), a nd all sloopc-rs arc riveted to the rniJa, thus requiring no asoem• 
bling. Tho turnou ts"""' -~ n, . (16 fret 4} inches) long owrall ,"" t hat they osn be laid in at any poin t in exi~ting t rack• without cut ting 
d()lJingra il• 'l'umtablc,i a.n, special store11 which must be ordeN:d l!<ll,aralely. 
They are 4 foot in diameter for trucks who,,\e wheelbase •• not gn,al<:r 
than !I foot 4 inche,. Tumta.bleB should be laid a.t the same tiloo a, 
thetrack toobviateo11ttingdOliingrails. 



,. 20 lb. track is made up in the foUowing prorortions per mile 
(PlaWl t 65 arod 166):-

kiioo. Woo. 
210 1,0,<o ,. ~ '"' ,o 100 HI 108 

" ro 
265 199 

'" M 1119 
W M ,w 

37·& ~16 546 

Tota!po,milo 

T:,-pe A (Plat,, 185, Figs. 1 to 4), used only in bad ground, eon
aislQ of. 20-lb. rnils sooured by holt• &nd cliµs to steel al.,.,peu 
(Plate 166), .~ per ti m. length ll,nd 3 per 2·5 Dl, length, and the,o 
aootions are la.i,1 on wooden sleepers and spiked therelo-1 wooden 
aleeperopertim.lcngthand21>0r2·5m. le,,g\,h. 

Type B (Plate 166, Fig. 6) cown11t/l of 20-11,. rnils seemed by 
bolt,, and clip,; to steel aleepers, 9 per 6 m. length and 5 per 2·5 m. 
length. 

T he -,t,ion• a.n joined together by means of fishpial<'<l and bolt
' bolt,, to ea.eh pair of fi&bp\ates, the bolt heads alwa.)'• heirog placed on 
~:~~ner •i,le of the rail to prevent t.he flanges of the wheels striking the 

The 20-lb. turnouts (l'lde 167) are iS11ued in th= piccC11 and are 
m&<l.e right and left-handed. A right-ho,nd turnout is one which 
hrnnches off to the right when ,•iewed from t,he swiv,h eud looking 
towsrdstho &idingorfrogcnd. 

In order l,hat mule.scan haul trnoka "ithout damage to the tra.ck, 
" mule wall.:" µ:ri ,is can b~ laid on tho sleepers (Plate 168). Mule• 
must, not he :i.llowcd to walk on t he track un les• these mule grids are 
provided. 

A aomewh~I., light~rform of grid can be oubstitnted when man haul&go 
only is used . ., 

G. Location.- Lloca to he located ue marked out as nearly as 
pltyoical fea,turro of ground µermit in !ltra.ight linoo from point to point 
with a ma><imurn gradiP.!lt of 2 µer cent. (I in 50), or, if quit-0unavoid
able, 3 I"'' C<!nt. (I in 33), and the $barpest ourvc for 20-lb. track, 31) m. 
radiu$. Thi• 1hnrpradiu.ocurve ,hould neverb.llftedifitisnos.sible 



!:r~:t ~:o:,J~v7,. 0\;":!~r r~~:~~~ w!?c:-lf~ ~u7t:ilt f:~1~:~"~!~71 
which it is intended to carry. 

1'he short-eat line is not alwsys the quickeet to coru,truct or tbo 
eMicattooperat<'. 

A thorough_ reconnaissa.nce and stsking out of the line shonld always 
bedoncwellmadvanccoftheea,.,hwork. 

The following points "hould be noted :-
i. T ake full~st advantage of cover from en~my obwrvat ion, 

even i f it involvoa a detour or negotfating fo~t m'es men• 
tionedin (i ii). 

ii. .Bogs, man,hes, obli<1u~ cr068inga of alreame and roa<ls , loug 
cutting• mlL<t b,,avoidod. 

iii. Avoid localities •ucJ, aa cro.• ronds and prominent objects 
which attract shell lire. 

iv. All grad"" should be in fa.,·cur of the load. 
, •. Tracks mu.st be ailed toguit tbe s t.andnrd curve• j)rovided, 

i.,., 30, 50, and 100 m. radius, and with 0-lb. track, Hi in. 
,·i. Main Jines in forward are"" should never go direct to large 

durnpa, batteries or headquarte"', hut ehouhl connect with 
t!teae deliv~ry points by 111e1uia of brancheii or $pm-a a\ 
least 200yardslong. 

,·ii . Linea should never be constructed a long the sides of " road 
eurlaoe. It leads to ~ongcst.ion of traffio and tlama~'t' to 
theline, 

viil. J. ine,i ahoul,l alway , be ]ooi,.t,e,J witJ, a ,·iew to draining d 
forma.tio n level, i, e.,theyahouldnot go11ptothoccljtroola 
va lley, butsho11h\ beoonstructe<lalittle upthoeide•l<>pea<. 

6. Con• t.ruction.-i. A convenient site must be acled:ed for taking 
delivery and aasc mbly of the track. From thia point the compkto 
acctions are transported over the newly-formed track to the trark 
laying patty. 

In la.ying 9 -lb. track in forward areas the pa.rtie• abould he kopt..,. 
email as posaible, aud "bunching" should be avoided. 

A typical distribution for,. p,irl _v ol 32 men ia shown below:-

(a) PrevaringJround 

{b) Lo, ding~nJ,puol,ing .. . 

(o ) Conying ondloying .. 

1 N.C.0,.1 I Toolo -1.at.o..,.. 

• Jtuq,, iredin11....,ial< .. NOnl7. 



JOO to 150 yards per holll can 00 laiJ by this party ii material,, are 
delivere,datthon~rendoftheline. 

1'he ai>ove ia for a mnlmu111 p,uh of r,oo yards. Adel 2 m~n uud a 
trolley per 200 yards to lbis pa.rty for longer pushes lhan 600 ya rd,. 

A typical dlstributiou for a po,rty or 100 men to lay 20 -lh. track 
is shown below. 

60 Piob . 
8hov,la ..• 
\\'hodbarro,n 

(bJL<,ying t-,~ 2plat.l~J'NI 10 

l<l O.TTJing-~ - 1;0,.. IN.C.O. 
id)~mblin~<rac~ . ll'itkr 

20 Pu,ht.,,>:,L, 
10 8po0nner, ... 

This party of 100 meu should lay 100 yarda of 20-lb. track per hour 
under normal condition.a : thi~ doeo not allow for ballasting. 

ii. Pa~ing pointa should be allowed evl'ry f mile. 
iii. h 1 the firat inst~nce, as litt lo oartb.work "" poi,.s ihl o should 00 

urnlertaken, a nd the line laid on t he na.tura.l ground and opened to 
traffieasaoon as pc.,sible. '!.'his linecru,.thenbeimprow,d ao la hour 
booomMavailab\e, 

iv. Provided that drainage is properly developed, !ntmways for 
light rolling stock al,ould not require balls.sting. A uscfol roadbed 
C&,n be made of chalk if available. provided iti• t.horoughlywelldmiood.. 
Shcll•boles sho uld he .-...d for draina.ge purpose,,. 

v. ln pa.saing ovcr very wfe ground, the ateel slwpcr can be supple· 
mented by wood sleepera, and in the woNt C&""8 mft, tt8'lk, 89 shown 
onPlat<,169,canklllW<i. 

vi. 'l'hroo typical cross sootioM are shown on l'late t70 for lhe """"" 
~ oow,truQtio.n Qn le,·e\ ground (li1g. 1), emba.nkmenta (Fig. 2), a.nd 
rncutting.(Fig. 3),res1,ecti,'e!y. 

vii , lk,ad M"<)l<SUlgs Bhould be constructed with wood alcopcra. to 
~na.blc guard rails Mtd 2-Ulch longitu dinal pfanko to be spiked to them 
(Plat,, 171). When er()S.sing road!! which carry heavy tra>ffic. 20 -lb. 
ra.il sho11ld alw.~ys be used , oYcn t hough tho track is otherwiae co11-
• trucwd o! O.Jb. rail. 

7. M aU\ li'>nance .- A tramway track in operation req ,ri...,. freq\!cnt ~Sm~:~.; at !"8St once in ewory 24 hours, and also a fWr every born· 

ReJl"ini mwt be made imm&dia.tely tboy booome ni>e...,._ry. 



\ The point., to ~ looked for ~• ordinary in•pectiona ,....,,_ 
i. Bad p&ck"'g, wti.tcr lying on hack, raib not at correct lcvcbl 

or alignm.,nt, aleepel'8 huckling, 
,ii: Adjlllllrnent, cleaning and draining of poinla and croosinr;s. 
,i,. Clutch bolts, in the c""e of 9·1b. track, and fuihpbte,; and clip 

bolta in th" case of 20-lb. t.ri.ok, "·orking l000<e. 
:Matorialsforma.irlt.,na.noeand repain,tolt!ICk&houldbedistributed 

for use of tlie maintcmmcc ga.ngs at convenient points for quick l!O<Jt!<ll. 
and ahollld alwa.ya include ,. proportion of curves. All salnd tr,-ck 
material should be collooted /It t he aame poin\il and returnOO on trucke 
which have conveyed up n.,w mot.eria.l. 

Tho quich~t way to repa ir a, line whfoh haa been cut by a Bhell or 
bomb is t-0 cut ont the damaged r&il oection.'I oomplck and rep!aoe 
by new ra.i!. A large shell-bo!e is beat dcalt with by diverting the 
tra-0k round it; a, am:JI one, by filling or bridging wit!, timber or steel, 
M&v&ilable, 

8. Control ol rolling ■tocll:.-1.saue and deepatch of iru<·ks n11Mt 
always be controlled &t loading pointa. Theeeoior man in charge of tl,e 
hau!a,ge p&rty ehonld aign for the trucks M W!ued by tho traffic control 
N.C,O., and ahould lllilOrcport,md e,iplain ..U breakag<S 11ud dcficicncirs 
when he returns. 

The tra.ffic control K.C,O: should be in ,~ion of ,. copy of his 
ordera Mld dutiea. He should a.t once report to higher authority any 
non-compliance with traffic standiog orders, iu order that the dliciency 
of hi.ii section ma.y be mainfained. 

9. Operating forward trani.way•~To er,s11re tlle efficient 
workiog of the sy"tem &n officer m11st be appoint® "" officer in 
charge tramway•; to thiil officer "ill be sent all indents for t rucks, 

f~:g t~":~7rr?1t:t:u'~:i:';,i!!~':r t~~:~0
11 ;t::,ffi~::;"'t!· ,:;:! 

all requirements, preference will be given to h_eaoy articks which 
cannot beai)litupintoone•mMlloada,euchaeg,rders, &c. 

The officer in .,J,arge tramway~ must insist upon the following rul08 
being ca.rried out ,-

;, Haulagoparticsmn•tbedctailedinadditiontoworkingpartiea. 
ii. R iding on tnrnks is forbidden. 
iii . Emptytrucl<sgivcw»yto !oodedlrucka. 
!v. Da.ma,ged trucks inmt 00 returned to the tramv,a.y centre. 

An cffiiricnt syat~,n of reporting breaks in t-he !in,.., &-0., lllUSt ]Jo 

arrangf:d. 



PART V. - DEMOLITIONS. 

CHAPTER XVJ L 

EXPLOSIVES AKD DE:MOLll'lO);S, 

11J. Erpl-0.,,:,,, •. 
\, Low "-nd hi~h • "ploBives.-E~plo,,in,., are d&iilllied a s lo1>· 

01· high explosin,s ,weording to whe.ther t hey fuuct ion by the p=•• 
known tedu,ically as" explos ion " or Ly that of " d etrn,aliou." 

E xplo•ioni• o r,,pid form of combustion , norm.~lly at nrtcd by ignition 
and t he ,u,tion of low ~:q,loaiYe• is a eomparativdy olow one producing 
a more or lea• st.J~d.r prei,sure or lift ing effe.ct. Such cxplo.si.c• aro 
u,u,d in warfare e.s propella nt,,, 

Detouation on Ute other ha.nd is a far more sudden change from ~ 
eolid to a gaseous state, which t akes place al most oimultaneou•ly 
throughout t he whole bulk of the explosive. As areiiult hig:h e1<p\oa iws 
"'' intensdy rapid irt acliun, and ca use violent local and ~battering 

effoots . properties which render them suita hlo for demolition purposes. 
In modem wa.,-lare, therefore, high e xple>si,es only a.re used for work 
of thia n~t.nrc. 'l'hc more sensitive high explosivo,s can be d.-tormted, 
e ither l,_y ignition or p,,rcw,sion. but the stabler forma and, therefore, 
t hose which c,m he nsed in bulk witb safety , ca n only be det,mated 
sati~factorily by SCTTm", shock , their t<-'Ildency when il,"ited being to 
buminstead oldetonat i.ng , 

2. Bulk explosives,- The following exploeive• ""' typicnl of 
those which will nonna.Uy be avai la ble lo,· use in b,dk on ser~;,,., ,-

i. Wetgw1-eotton. 
· ·. Ammon·' 

• "".D.-na ·tc. 

i. Wet gun-cotton is compl'P88Cd nitM• CellnlOJle, drun.;,ed with Ii 
to :'Ope r ,,.,nl,.ofwatcr. Theadditionof t ltelatterreud=i t •aler 
to store and harnlle, a.nd increa!!es it<1 effect on detonation. It is 
;,sued in 15-o, .. sbhs, (J by 3 by I i inches in size, pro,id~d with a. 
t.a pered J.1 -inch hole for the TI:<,<lption of a gun-cotton primer. It i ,; 
p,...,ke d in sealed t in ca,eacout.a.ining 16 ala.b s eac h. 

Gun-cotton is a vt ry powerful ,md ra.pid el<J)kWve pnx\ncing great 
shattering efiect, while owing to the form in whkh it is provided, it 
is easily an,l quickly fixed in 'f'<)8ition. It is therefore well ~uit~d for 
demolitions requiring compt1ratively small quant ities of explosh-e. 
in which clooo contact with the object to be destroyed is osaential, 



\ ~o!~if i;:~~c:0~:eif~::~;u;i;:;:~g:I ;~~l:.i o;ht;;:~i-s 11~:r~:78 ~:~~~~~ :;!~~ij a.ction m any ca.se iR rather too rapid to 1,roduce a good lifting 

ii . Ammon '.'! is a grey composite powder. 1~ la iaaued iu 35 lb. 
damp-proof tms, 1~ hy J 2 by 12 inches m size. Ammonnl 
d.otcnoratestapidly w'.lh expoou re >&S i t abwrba moisture rcadilJ, a11 d 
it should not be left ,n a damp pla.ce for a ny le ngth of time , except 
In the damp-proof tms. 

,\mu u,nal i s powerful na ;,; nu-cotton, but being rather slower 
i 11 ll<l tfon p_ro<lucca ". hcttcr lift ing effect in the cas,, of mined charRe• , 
for whic h i t , a spee,,.!Jy suitable. As ammonal is a powder, it must 
be placr,d in,. cont-,i iner, when usied for em all charges re'l_uil'i,,g accun,fo 
f,xing and close co1ttfl<•t. For t hisrelMlou, and from the fact, thatita 
shattcrin~ effect is r"ther less, it is not so well adapted for demolit ions 
of this nature as guu-eotton. • 

iii. D ynaniite is a plastic explosh·e , '™'d. extensiwly com.mercia.lly 
for blasting rook in mines and ,1uarriea. It•~ manufactured m several 
forms, gelignite, gelntine dynamite, bla~ling ge!11tine, &c. It is usually 
issued in 2-oa. cart.ridg,,~ wrapped in parchm~nt f><~per and 1w,ked iu 
boxes "-eighing 5 lbs. and f,0 Iba. Dyunmite cannot be u""d after 
expoeure to wet, whichscparaWa the in~redients aud makMit dangeroua 
to him<lle. Dynamite freezes ,it 40 deg:,. F., and remains froaen at 
higher temperatures. Compl~te det ons.tion is impossible wit h ft1Jsen 
d yn11,mit e. J,'rozen dy ,~uuit,, ca n be d istinguished from nnfrozen , 
Ly being harder, u,ore bliUle t han pl"sti", and of a sli ghtly lighte r 
colour. It should be thawed before use, but thi• is ,. d"n,gcrmIB 
operation and ~hould be left to cxpert'l. 

Dynmuit-e an<l its modification• are the n,ost powo:rful c":J'1osivcs 
in praclica.l Ul!<> an d their ,.,,tion is even more local and shatterm.g thou 
gutHX>tlon. 1.'hey are not sosafo to handle or tostorena wet gun-cotton 

::;:pn;.,~o~~' .:ti::~•:ar~~•-l:~~ :f11~u:~,:;-e:~~h~.::;"~;;;!! 
whcroitwouldbedifficulttofita.ch&rgeofgun-colton. 

:i;~:;~,)~f~1::£~~!E:~~~~h:ice::t~~e:Ei:::r ~:: 
d cseril>e<l above. 

4.. M ethod" ol li!.•ing .-F,,:plosfreg may be fired by :-

i. Sofety f«ze. - The service safety fuzc :Ko. 11 consist.'l of a tra)n 
of gunpowdfll' in a wat ~ry,rool eovcnng, nnd is :paehd m 

:;!;.;·~~n;lre:t;!~~;~';;fc~ :;t ~mttia !!t~~';;;"a~l~ ~~\:~~ 
it ahould be ch£ckcd before use by bu ming s. m,-;..sun:d 
len gt h a nd t iming it,. Safet,y fuze will bum nnder water.~ 



ii. &hdricily.-Bythis meMLS chargee can be firod from adi-'!Wlee, 
lead• Iron, an exploder being conneded to the elootric 
detonatorordetonatoraint-h<,charge. Eloot-riealmethods 
of firing are explained in Sec. 116 aud more fully in 
Milii:8ryEngineering, Vol. l V. 

114 . . Auriliary ,xplolit-M-primer,,J,/c;,a/O'fl,d:c. 

l.Fulmlnateo!Jnel'CUJ"yi•ahighlyaeru.itiveandviolentexplosire, 
tQodangcrouatouoeinanybut,·erysma.ll qua.ntities. ltdetonates 
with~!igM friction orperoual!ion andreadilyon ignjtion . It is owing 
tothelntt<erfactthatitisusedintheformof<letonatora,as a.medium 
forthedetonationofhu]kexpl01>ivesbyignition. 

2. D<ltonatoT, .-Two form• of detona.tora are U11ed for explosive• 

i. The No. S detonator for u/l<l wlth s.~fety fu~e. I t consist~ 
of a cylindrical copper tuk,2inche~ long and ,!.-•inch in 
diameter. The lower end is doaed and Il inche~ of the 
tube i• fi lled with fulmiua1te of meroury composition; 
the ""stoltl,e tube is leftol"'n tora,..,fre the fuzc. Tho 
fuzcp)a.cedinth.eopcnendoft hetubehumsdowntoth" 
fulrninateigniteait,ondc11uaea ittodctonate . .No.8 
detonntorsa.re1)aintedredandarapackedinredtin 
cylinders containing ~5. 

ii. The No, 13 elootri c detonator. This i• a fulminate ol me"'1.lry 
container like the No. S, to which itia aiinilar in action, 
butlhemethodofignitingthefulminateiselectrical,and 
explainedinSec. tt6 . 

Detonators •honld be sto""d seJ)"rntely from other exploslvel!, 
hsndlcdwith,iroatca.reandne\'er.leltlyingabont. Noattemptahould 
he rnade to tamper with t.he fulmmatc of mercwy. 

3. C<tmmerei.al cap• a"" the equivalent in ei,•il life of the No. 8 
detonator, towhichthoyaraaimilar,but&a t h,,ycontain!essfulminate 
of mercury, th~ir A()tion i~ weaker. 

4. Pr ilneu .~ The few grains of fulminate c<nnpoeition cont<iined in 
a detonator ara not •ufficient to detonate unaided w"t gm1-eotton 
and certain other stable high explosive,. . The detonating shock get 
lip by thedcton,,tor, therefore, h""tohea.mpli flcd hy s primer of 
explosive more sensith·e than wet, gtm-cotton which acts as a medium 
oldetonationhet..-,,..,nthe,letonatorandthebu!kexplooi\'e, 

Tltell(:n·iceprimerismodeofdrygnn•cotton 

S. Dt' y gun-cotton.- Dry gun-cotton is compre$ .. d nitro-eell nlo,:e 
without sny additional water, It is rery inffannnalile, hurning with 
,. fl crce hot flame. 11 exposed to t he sun·• rays for a long period it 
may detonate •pontnneously. Gun-eotton primers are issued in t he 
form of 1-o~. bpered cylinders, provid,.d wit h a hole in thecent.-efor 



the re,:eption of tho detonator. The whole la eoatcd with par!\ffi.n 
wa,: to keep it ~ry. 'l'hc primcn, an, packed in eealed tin cylinder,,, 
containing JO primers. 

61!d c;~t~,e~:g~"::::~v::'{!e\':n':!/ ~;";_~_t/ti:ch,! d:~:: 
detonant it mmt be detonated; jts Mt.ion ia practically instantrui.oons. 
Jtwil!notdctonateifignil&l. 

'.l.'ho principsJ wes of cor<les,u detonant &n1 :-

i . To fire a. number oF chMges simulfa1tco11£ly when firi ng !,y 
fuze . It may aornetimei, be used in the same way in c,;m
junction with ele.::,Lric firing to a.void complicaWdcounccTu,ms 
andcironits. 

ii. To 1n·oid the nse ol oxces•ive lengths of aafety fuze, which 
would otherwioo bo required in certain dcmolitiollil whm 
fifing by luze, e.g., mined charge6. 

The method of detonating co,dcau detonant ia shown on l'late 172, 
Fig. 1 ; two prim<'I'!I and a No. 8 detonator with safct,y fuw 11,re 
re<Juired. 

The explosi>·e in oortleau detonaut deteriorates on exposure to ,.;, ; 
before using, therefore, aho"t 6 inchea of open end sho,~d be cut olI. 
The ends of corde!lu datonsnt, if they are likely to beleh in chargcg for 
a Jong period, should be protoctcd. A good method is to c"p them 
witha.Ko.Sdet-Ouator. 

Right angled bends in cordMu detonant must be M'oi tled a~ the 
continuity of the explosi,·e is liable to be broken wd failurn rooult. 

Junctions in cordeau d"Whant m&y be made either by men.us of a 
Spaui~h knot (..u I'l :;k 172, .Figs. ~ &nd 4) or by using a jund1on b.Jx 
filled with &mmoMI int<> which the end~ of the corde,1u am led; 
each should be C!lJ>ped with a No. 8 detonstor. 

115 . .Mai:i11gupandfi2:ing chargM. 
I. G<,neralprinciplea .-In making up and fixing chai·i;es \he 

foUowing pointB are important:-
i. All portions of the charg" muat be in clooe contact with cach 

other. 
ii. The charge rnu.st oovc:r the who;,le surface to be de~Lruyed, 

and be m doee oont:i.ct wit,h it. 
iii. The charge as a. wh ole muat be firmly fixed to t.hc ohj,..,t, to 

be ,fostroyed 

In;; i;:;:~:;~ogle::tl~;!;'~d ~:t;::~::iea:;.dg::~; ;;!\•a?}:1 ::::::; 
:c~:~i,•~~~~~!~ :~~ ~;~~~ :: ~~:•;::ti~t:!;:.1::n1i:'~~•/~~J::1:; 
lighting. 



ii. 'l'he strnii;htcntend of t he luzei • then c9,rcfully inserted in t he 
open end ol th deton9,tor and push_"'1 gently home ao tha l the end of 
the fuoo ia in oont,..,t with the fulimnate compos1t1on. '!'he detonator 
ahould t,., he!d at the open end, and with tho clooe<l end pointing aw"y 
from the body. Tho open end of the detonator ia then g~ntly pinched 
on to tlte fnw with a pair of plien, to make it grip and sn 1,r,went 
it being withdrawn. C1<rc should be ta.ken t h t no pressure ia put 
ontheclo.acdend con ls,ining the ful minate. 

iii. The primer should Le W$1"d to t ecei\'ll t he dHto,,ator; if the 
hole in the ptin:.er is not J9,rge enough it must OC cnlarg_cd Ly me,u:a 
of a ••rectifier" (wooden tool made lot the pur1•.;e); _,f the hole •• 
too J9,rge, psper must be wrapped round the detonator to make it 
fit fttmly. 011 no a,,oount i•_ force.t'! be ,u,e(l fo get the deton9,tor 
into pos;tion : screwing or twisting ,t ,a p11-rticularly dangeroua. 

3. Gun...:otton charge■.-One dry primer with delonat-Or will fin, 
a g,m-cotton charge of auy rcason:,,J,Je length or size , pro,•idcd conta.ct 
l>et,.·ec,n all t he s labs is good. The primershouU fitti;:htlyjn\othe 
taperedholcprovidedinthe slab,,forit, 

Jn making up gun-colt-On charges for demolishing walls, archc•, &c., 
itiaoftenoom·enienttola$hHeilahstoaboo.rdwhichcanbeftxed 
firmly t-0 I.he object to be destroyed. A hole is drilled in tho bo!U'd 
to cnab lcthedet.onator to be inserted froni theoppoeitcside. 

'L'i,nber packing a.nd mud or clay a.re useful to """"'"' dose conta.ct 
in fixing !!""•"oUon chargea for th e destructi on of girders 

'.!' ho "bag, gun -ooUoll, w:,,tcrproof."" which i• an arti,•le ol at-Ore , ie 
\1800 for demolitions under w&ter or in damp p1'wes. His a r ubOCr 
hag with .~ wide mouth, provided with a woodon ela,<tp for sea.ling it. 
'rhe wooden clamp has two grooves cut in it, 1<, 1wmrit elcetric leads 
or s9,fety fu,e being )>3$11"d into the bag. Waterproof hags of this 
descripUon holding 25 gun-cotton shb,, or 25 lbs. of ammonnl, form 
partolth~equipmcntofengineer field unit,, 

A gun-cotton slab cM1 only be detonated by wnlean dctonan~ with 
t he a,i,l of"' gun-cotton primer, with which it must b6in dos~ contr.cl, 
A oimple rn~U«,d of firing "ld», with cor<leauis that shown on Pl~to 172, 
Fig. 2. 



::n:: ,:::~:r:sfi~~:t~;;rg!l:~h:c!'.ii .) shoidd be us,d only wh,.n 

In emergency a dcto,mtor without primer is sufficient for the dctona-

' ~io1,~ ~~;~:::::~:::,:~:a~'::;·::~:: i:b:~~n::!,!•i:o:1:!::~y are 
I.SIIUOO.. rhc ammonal w,JJ detonate through the thm walls of the tins 
providOO.thelatterarepa,•hd indosecontact. ' 

JIOl' smaJl charges a.m?'onal rn~y be placed_ in sandbags or 
wat-erprwf bags. For rmls and gm\er demolit1ons bully bod m 

~:~ii;~~t_;~;f~tr.:~:},::;:;:i;r~E;~~::if~~1~:!~:~~l:f!.'. 
otove-p1pmg iomcd t<Jg~ther and ii necessary \\·at,,rproofed 111ak.,,. an 
e:rce!lent contfliner. A 6-ind, pipe will take IO t-0 11 lbs. of amu,onal 
per foot run. 

5. Dynamite cha:rges .-A gun-eotton primer is not required 

!~~~~e:ie~:ti;~J;! ~~~:;'~ ~:ii:;a':e o:ar:~;c~:ia!n~:~:J 
"t one end 1md a ho1e, with a piee<l of wood the •ame size and shape 
as the detonator, made in the end of the cartridge. The ru~d det,,,nator 
is then inoerted in the ho!e and the end of the pa.per tied firmly round 
the fuae to hold the detonator in position (- Plate 173, Fig. 4). 

If dynamite requires ramming, ns in a bore.holn, cneh cartridge 
should be J,enWy squeezed into place with a wood~n r:m,mer, t-hc 
fuzcd cartridge bdng placed in bst. The use of an iron bnr for n m,r1 ing 
i$dangerollli. 

6. P,,acautlon• in li.Iing detonators, &c.-In making up charg<'!I, 
p,-ecttutions ':'mat be tah" (-0 prevent any strain to which the luu 
mny be subJectOO. being trallilfcrrcd to 1.he detonator in the ehal'gt,, 
since this mij!ht catLse displaocmcnt and consequent failure, or the 
premature firing of tho dcton,-tor. In the case of charges not requ i,i, ,g 
a coat.ainer, the fnzc should be ~urely fixed to the chnrge 3 or 4 iuc!,e• 
from the detonator. \\;f,ere a b"g container is used, a small r>ircc 
of 8 tic, k should he lashed nt right angle~ to the fuws just inside f,he 
bag. The fuze ahonld be donhle<l back out.side the bag. and h,, '1,ecl 
firmly to it {au l'lat" 173, l'ig,. 2 and 3). L-ength.s ol sa..fety tuzo 
leading to an expos<:d cha.rgo should be lightly fixed or wcighkd ,o 
that when lighted it ma.y not curl up md ~et fire to the eharge 
prematurely (aea Plate 174, F ig . ~) -

The se,,.,rc jerk set, up in <,ord"n.u on dct-Onation, tends t-0 displaro it. 
Cordca.n should thel'e,forn be firmly secured throughout 1!.-~ length 
especially to the charges it is to deton,-te. J.R.ngUis '?f cordeau in 
contact or cloee to ea.eh other should Jx, £eparntcd ,nth ,. board, 
as one may cut the other without detonating it nnd cause failure. 



7. Lighting fu.z ns .~ The oimple•t method i•_to use mat-ches; the 
,natch head should be held ag,.inst the powder m the ~nd of the lure 
which ha.s been cut ou o. alant, and ignitOO. by striking the bo,c on it. 

Patent friction ligh~ mo.y be uml, they oa.sily get da.mp a_nd aro 
not ther-efore ,·ery reliable . They fit on l-0 the fuw which m thi s 
eaae ohould l:>e cut •lraight a.<:rOll8, II aevernl fuze~ han, to he lighted 
in quick sucoesaion a port-fire mny be used. It i3 ,m article of store 
and oonsiats of a stick of alow burning compooi tioH with o. wooden 
handle. It can he lit with o. match and to be put out, should be knocked 
ag~inst the hoolof tho boot. 

8. M<>bile eharg,111.--Conditiollll do not always permit of the 
charge b.:ing made up on the spot, . aa !or ins~ce in a r~id. Where 
detlli led information of the objective 1s avs.,Jahle, the form of the 
mobile cha.-ge may 00 e.dapted a,coordingly. Normally, however, 
the charge shou!J. he made up in box form of ~1•.e atul weight (not 
exceeding Wlb". ) suitable for one man to carry without difficulty. It. 
sh<>uld be provided with a stout handle and two or n,oro ""parate 
mean• of ignition by fu,.,-. Patent !ighler,c, being quickcrtoopcraie 
than makhee, a"' a suitable means of ignition for mobile Ch&1),'<'8 
but matches ohould be carried in a<ldiiion in caoo of the failure of the 
former. 

9, Tamping.-The tendency of all exploeiv011 i• to act a.loll!! the 
line of Jeo..,t. rosistanee. Ta.mping is material pl aced round a ch~rge 
·:n order t.o increase the explosive effeot. Sandbags filled with eart,b 
are t h6 1w•krial usually uied for tamping. High explosives /ere SO 
rapid in a.<:tion that where they are in close oontact with th,:, objccti>'e. 
as in o, rail or girder d emolition , they ae<:om11lish their object without 
being enclosed on th~ exf'O$t<l ai de•. Thus tamping: in such cases, 
th.<>ugh it increase• tho effect, l• not as a rule neeesioary . On the other 
hand in th~ co:,,;~ of mined chargu tamping i• ess,,ntia] as otherwise 
the main foroo of the explosion will p,,.sa down the gallery. Tl,e gallery 
in m;ned d,arge1< ~hould tberefo,.., be \Jlmped solid. 

116. Firing ,hargu oltdriwlly. 

I. General remarks.---Chnrges on sen·ice "re fired clectric~lly 
by mell.AA of eJ.,,,irie. detonntOI"$, connected up by in•ulnled cable, the 
usn!\\80u,..,.,ofcnergybeingthe•erl'iCOeJ<ploder 

In the following description of appaJ"atus and method.a cmplo,·ed. it 
:~.,:;tu111ed that the ~heory ol oont.inu(>W, current el~ctricity ia ;.mder-

tu~ ;o~~"~~~!~;;n8~:-r,;,:'~.~3~i:~~ :~1the0N~~t.~ t~:;r:: 
but enla'l':od o.t its upper end to receh·e an ebonitc plug. Two short 
oopperlcad,,inoulated with a ruhhcrcol'ering out..ide the detonator, 
ere pa"""d through thia plug l inch apart. The ends of the lead in.side 



the detonator are connected together with a piece of fine iridio.platinum 
wire just above the fu1minat.t, of mercury. On a current of sufficient 
atrength (not lCllil t_han _0·8 ampe,...s) being p,w,ed through the copper 
leads, the fine wire 111. r arncd to a white heat and fures, thllll igniting the 
fulminate of mercury o.rul causing it to detonate. The head of the 
detonator is painted white, and the tube ("(lntaining the fulminate of 
mercury red. Th~ detonators.~..., packed in t in eylindelll (2/\ detonator,; 
in each) the upper halve~ of whinh are painted whi te and tho lower rOO.. 
Detonator• fired by an exploder mu•t aJw,.ys be oonnecfrd up in series 
in" ci rou it. The electrical resi~t.ance ol a :N"o. 13 deton :,to r at fusing 
poirtt ia2•6ohms. 

3. lnaulated cahle• .-Any insulated cable may be usOO provided 
its electrical rosistanc-e i" not too great. The cable especially designed 
for demolitions in the field and normally ,wailable on servic,, is the 
.,able electric E 1, 1,fark fl. It 00!1$iSta of 6 copper and I at,,el stmJtd 
ooverod with vulcani,.ed indi,..rubber and eoated with compound. 
It is issued wound on woodm druina. The el11Ctrical roaiatanco ol the 
F,1, Mark 11 ca.b!eia I •:U oh1n11. per IOO yards. 

4. The Exploder- , Dyuan:io, Electr-k, Mark V is eontaiued in " 
wooden box 13 by 8 by 6 inches, paint<::d white Rud fitted with a lid 
thi•t can be locked. It consist,, of a dynamo operated by a handk, 
which converts med,ani"&l energy into electrical energy. It is fully 
dewrib,,d in Military Engineering, Vol. IV. 

To use the erplodor, the handle is pulled up a.a far "8 it ,..ill go. and 
the lead~ of the circuit conncckd to the explo,Jer ternUnals. T he 
downstroke of the handle t urns the dyne..mo and thns gencnks "' 
current, which is at it" mnimum ,.t, t he bott om ol the • troke, when it 
flowa through the ]e.~W. 'l'he hand le of tho exploder should be for,,e,J 
down ""swiftly and amoothly "" pogsible. 

If in a good condition a Mark V crploder wil_l fire :t_-o. 13 detonakm 
in a cironit the total ros1sWnce of whkh (Indndmg th&t of the 
detoi,atolll) is 100 ohms. Where, however, a.n exploder has n~t been 
teiited to ascertain the aetua l resistance through which ,t w,/1 fire, 
it is unsafe to rely n"':n i_t fo~ a cireuit of more than 40 ohtn!I 
ro.i•t.ance. This figure'" g.ven ,n order to allow a good margm of 
safety for any defecla in the working of the e~plode_r. 

Det.ailed te•t~ for e~plodere are given in Mihtar.v Engineering, 
Vol. IV. 

T he approxima.te re,;i"t.anoo of a circuit ean be eatim&ted by addi.tlj! 
the tot.al eablo ,.,,.iat.anco (t -:n ohms per JOO y~J"W of E1, Mark II 
eablo) to the total reaiatan"" of the detonators o,t fusing point (2 · 6 ohm~. 
per detonator). If the ""'istance of the oirouit t-hua aacer_taincd is 
beyond the power of the cxplo<kr, it mu~t be red~ced by 11 sH>g fewer 

,1,,~::1:::":t~::!'1:~:~w";~:e~o::;i1~!::.°ia1T.7::ii~::~er a Ko. rn 
detonator should be connected up t-0 the terminRla a.nd fired. T~e 
detonators •hould he pfa"etl in an irmI box or nndcr a sod so that , t 
may do no harm when fired. 



6. Jointing iaaulaled cables.-The jointing of insulat.<,d eahlee 
ia " most impottant operation since a badly mado join~ m&y be tl•e 
eanseoffailure. Itshouldbeoarriedo11taafo!Jows,:-Stnpofi2ino!,e,, 
oftheinaul11tionofe&chc&ble,openouttheatmndedwiresandclean 
e&ehthoroughlybyaerapingwiththebaekofaknile; t..kegroatcare 
nott-0nickthewireaindoingthi•. CrosstheendsofthecableathU5 
cleaned ;,,t right a.nglea "" ahown on Plat<: 175, Fi~. l , and bend them 
r-0und MCh other,:,.s aho,mon Plate 176, F,gs. 2 a.nd 3, mnk1ng three or 
four complete and close tum~ with ~h end. Cut off the apare ends 
and pinch them cl-O•e inwith theplJerl!. Now outofiabout,6inches 
of indiorubber tape and warm it by rubbing it betwoon the hands. 
T.tienLindtherubbertaperoundthejoint(aa-0nPl&te175,1•'ig.4). Tbo 
'6peahould. bestretdtedasitis_applied. Whenthejointhaaoo,'n 
ro~red witn one layer oi tape, the rubbcr sh-0uld be smeared with 
rubber solution a.nd the tape wrapped on in successive layers until 
uaed up, mwh layer being sme:>red with rubber •elution. No soluti-0n 
shouldbeaU-0wedt-OreMhtheba-rewiresofthecable 

Defects in the insulation of cables moy be dealt with in a, aimi!ar 
manner. Rubber tape and solutionfonnpa,rtof the oontent,, of the 
boxe.sjoi.ut ingamdtestingcarriWbyengine,;,rfieldunit,,. 

6 . Te•tlng clrcuila.~The oontinuity teat i~ normally sufficien!i 
uoept for very lmJ>Ortant charges. It oonsiats in aending a small 
cnmmtthroughthecirenitnotlargeenought-Ofir-ethedetonat-Ora 
hutsuffioientt-Odefleottheneedleofadetoot-Ororgalvanometerplaced 
inthecireuit,thua pr<>ving that ti,eeloctricalcir,;,uitis wibroken, 
Aspooialtest~ll(cell,clectric,dry,E)iansedt-Ofornishthecurrent,, 
socoustructedthatitcanundernoconditionsgive sufficientcurrent 
t-0 fire a detoaat-0r. The use-Of any other type of oell, furnishing a 
largercurrentthanateatcellis highlydangeroua. A ~stcellanda 
3-ooilgalunometerareprovidedinthe"Boxjoiutingandtesting"; 
theyshouldbeconnectedupinsericat-Otheendsofthocireuitt-Obe 
teoted. Tho2.ohm.ll0ilof 1-heg"1v11nomowrshould beusedintest-ing 
forcontjnuity. • 

In all import<int work the det-Onot-Orl! and cahlos should be tested 
sepuatelyforoontinuitybeforehcingoonneckdupaa well asthewholo 
circuit when laid. 

Detailed tests for electric firing circuits are giwn in Military 
Engine,ering, Vol. TV. 

7. Connecting up and liringchargeo eleetricaUy.-Thefol!owing, 
ther<:forc,aretheswpst-0hetaken:-

i. The det-Onator, pr<wiously tested for oontiuuity, is pl:>ced in 
t-hecharge. Thepre<au\.ionslaiddowninSec.115,para. 2, 
ast-0fit!mgthed~tona,t-0rint-0a primerrnustbeohi,en·e<l 

ii. The cable•, having been tested for oontinuity, are laid out 
fr<>m the chargetotheselectedfiring point,. The ends of 
the cables at the firing point should l>e ploC<"d in el,srge 
of anN.C.O. ondthcexplodcrboxkeptloeked 



iii. The c,.blo ends .. t the dtsrge are now connected n1, lo the 
detonator leads. 

h·. The whole circuit is now l<'sted for o,ontinuity ao describ<d 
m p.ua. 6. 

, •. The exploder box i" unlocked; the handle roi•ed aud the 
endsolthecablearn•defaat totheexplodcrterminala. 

,i. 'J'o fire the cha,rge the lisudle ia pushed down swiftly and 
smoothly. 

tht;::c~::'~! :t:J-::. a;~ie10de~n~:~ "!:11~;~=:~J 
up in ""ries by lengths of cable a@ required. 

}'j~i-ar·::: t ci reuil,'! lo,· t,,stillg tmd firing ,uo shown Oll Pi ate 175, 

8. Conunon causns of failure . 

i. Broken leada.- 'l'ho !ends used in demolitions can-ied out in the 
presence of the enemy should,ifpo6siblc, be buried. Two feet of ,;art his 
adequ&\e protootion against bullcta and amn ll shell apl inten, , and 7 feet 
from shell fire. The cables should not be subjeetet! to undae stra in 
at any p.ut of the ci~nit, Speciul care should be taken where they 
pru,a through the tampmg or round comers. 

ii. Badly-made joint, causing a high resistance and thus pre,·enting 
sufficient current flowing lhrongh the circuit to fire the detonator,;. 

iii. Bad insulation of csble or joints, causing leakage of ClUTffl.t. 
iv. Faultye:lJ!lodor. 
v. Defodi,·e de tonator. 'l'he iridio•plntimnn wire may be l•rokt'n. 

~'his. how<wer, would be detected hy the rontinuity test. Detonator,; 
may alw be oYer o,· under.sea" itive (~t< Military E ngineering, 

- Vol. IV), 'J'ho No. 13 detoni.tor is, however, carefully tested hclore 
issuelllldismoetrelia,blc, 

117. Aliernati"" ma/hod& of firi~g. 
I. 'l'hc chief merit of "afety fuzeaa r, method of firing is its 

,implicity and the fact that, onoo the charge is laid. no "pparatus 
other than a bo,; of matches is ncce.AAry to fire it. 

The electrical met-hod, how~~~T, enable• the charge to he fired from 
,. distance and 11,t the P"""-'i""' ir,stant desired. while 11,t the """lf: t ime 
it i• admirnbly suited for the simult~neous firin)! of multiple charge•. 
1ilon·o,·er, the facility with which an electric circuit can be tcskd, 
at a distance from the charge it i• to fire, i~ au added advantage, 

o,;;tl~\;~tr:,,~h~e:7~:1t!:it~:e "t::~?°1;:~~b~e r;;t ~y~~ft:"; 
they may bo p,•ot,,eted by bu,.ying: tlwm but thi~ entails consider~hlc 
labour-l,0 bereasonal ,]ysa.fe frorudamage, 7 fe~t of earth is ne.C<'<!Sa:ry. 

Thus the selection of the s11,lcty ru,e or electrical method w,11 depend 
Oil the eondition.s. FJcdric firing is undoubt<'dly the surer :"dhod 
in delibcrate demolitions provided the dan.!:er of the leads be,ng cut 



'" remote and that it ie carrie,l out under the direction of an individua,I 
who understands it. On the other hand in )ia,gty demolitions firing 
by oofety /u,.,,_ owing to it• •impl icity ia, a• a. rule, the moro ouitable 
roetbod. J,'or uist.ance mobile charge11 will almost ,n,.,.ria.bly be fired 
wit h safety fuze, while it ia uaual!y preferable to fire mined charges 
electricall y. Whichever method is adopted all imporlant charges 
ahould J,,, provided with at le""t two n,ea.m of i~nition . Tn many 
caw,, a good plan ia to use \>oth method., ming the sa fety fU7.e aa a 
atand,by in c:.se of the breakdown of \.ltc elootri,•al firing a.rra.nge.,nente. 

2. Common ea.u•n of failux-e .-•i. The charge ln"-f have booome 
too d smp to detonate. !S ven gun.cotton •labs, ii e,;posed to damp 
fora.Jong period, may fa.ii. Ca.aea have occurred where owing to the 
dcterio, ation of the paraffin wax covering p1·imer.>, the d,y g,m,cotton 
ha.s ab80rbcd moiature from the wet gun,col\ou slab aurrow,dlng 
it and failed lo deton&tc. 

ii. Tho charge may not entirely cover the objcet to bo destroyed or 
has not been placed in cl°"" contact with it,. 

lii. 'fhe,,. m"-y Mt be close <,on\.act between the buJk ~-xplosi,.eand 
primer, primer ond dcton&tor or deton .. tor &nd luw. Tho p=aution& 
Ja.id down in Hee. 115, para.s. I and 2, ohould l;e ca,..,folly adhered to. 

iv. The In,.<,: °""Y hiove deterior&ted through d&mJlll""" or age and 
become unreliable . 

"· F'ailure•fromelectricalfir;ngaredealtwitbinS..0. 116,para.S. 
vi. In tiring charges in tb.o presence of the e,iemy, men should be 

debiled to replace casualtie~, in order ihM failu re may not ro.,ult 
fromthia .. 

3. MUl,...IU'en .-Jf,. miu,fire oceurl! the loog""t possible timo should 
be allowed to elap,e (at least half an hour) before the charge is 
approMhed. In acooosib!e plaC<'o , the charge should he "killed" 
by deton&tiug a _fnl<!h charge as cl""" u possible 1-0 it. !he cha~ 
aho1!\d only he withdrawn when there i• no &ltem .. tiv~, a s 1t.\l remo,·&l 

~~J~~h~~sr:;£~:::1~)~:~=:l!e:~~2~~rt!!1,~:l~:1~~:; 
opportw1ity. 

I. The main 118C8 ol demolitiona in warfare are:-

1, To delay the advll-llce of an enemy hy the destruction of 
c"_mmunicationa over which he must pa•,; or mat<'ri a\ which 
w1Jl!allintoh1" hand•(deferu,i\'e) 

ii. lmp&iring an eMmy•~ roo,iijtance b.v the dCBtructiou of captured 
fomm11nication& which cannot be permanently held er 
materi,.1• th&t cannot be l'<'moved, ,u for inatanoo in a. mid 
(o1Jonsive). 



Q_b!;,.,i;~~ i~~l~:·i:~itlo!':~/!,~~~!x!!ti;~i::'!.c~! c:i!~~test:,~ 
hone a,t point• m commumcations where there ia no alternative rout<, 
will delay the enemy more th,m a number of demolitions e&<Jh of 
whioh OMl he quickly repaini! or circumvented. ii, 8ubjoot to tho oonditiona atat.-d in (i.) the following 11,re tbo ""'"t 
suitltble pointy of attack on communieationo (roads mid railways): 

{a) Bridges, cnlvel"OO and t1mne)~. 
(b) Cut.tings and embankments . 
(c) Roa.d and r ailway junctions, len,I crossings and oross roads. 
{d) C~usewaya passing ovor low-lying or mll.Illhy ground. 

iii. The possihi\it~· of effecting deatruction by means of.her than 
e:1:plo,i ive sho,dd not l,o overlooked. 'fhis is esfl"Cially important where 
the explosive aYailablc ia limited, (I.a for insfanco in ,. raid, Wooden 
bridges and atorea may be burnt-, certain mnterials rendered unservicc 
able with water, IUMhincry disabled with crowbal'3 or by the removal 
of indispensable parts , &c. 

3. Reconnaitl • ance.-Thoimportance of thorough reoonMi,;ganc,e in 
a.I\ demolitions cannot be over-estimated. H aphazard and pron1i,;cuo11s 
methods ,.;thout a clearly-defined plan cannot produ«> good re1mll~. 
Whene,•er demolition3 are to be c&rried ont on an c,:t,insivc scale, a. 
cornprd,enairn and wcll ,oollllidcred soherne abould be drawn up, in 
which due weight ia given to both tactioal &nd technic.,l features. 
Tndi viduaJ objed,iyea should invMiably, in so far as conditioll;s permit, 
be carefull,v examined hefurA the details ol the method of destruct<on 
to be employed are denidcd on. 

4. The extent to which demolitiona are to be ca.rriffi out in •n opera
tio,1 will be la id down by the higher command. The reaponaibility for 
giving an order to fire the charge most be ,·eated in an offiC<"r on the 
a.pot. Offiocrs Jn oMrge of demolition partie& nrnBt see that U,eir 
ordcrB include clear and definite instruction& as to when the chsrgo 
i o to be fired (ue Eug;ueer 'l'rsining, &c. 56) 

5. Delibente and hasty demolitions.-To effect the oomplde 
de molition of a ~tmcture n,quirea careful roconnai8B8n<:e, amrM t ime 

~~i;;~~::!r:!i~~e !~~~:!!"?i~:r::;~~!~;;::~n;::~~~~= 
cannot be carried out-. It will then,as " rule,only be poss1bletos,m1 
s,t effecting partial destruction; t-ho moet rapid .tnd ea"Hy-c~C<luted 
method of attack h,wing to be adopted in p,-,,fcreJ1ce to thnt, which will 

i~f :R~i;~;iE~~;ti7:b~]f::1i~::j:~0~21 



would only permit of thedes trnetion of the main g irders in theel\sa 

~~:n~~t~l::;~\~:~ ,.~,.f:b1: ~~ .. ~~=-}~,=d~ ~;':;:~:;• f~~/~: 
tothemethodofdestruct,onadopted, theproblempresente~beingin 
all cases that of effecting tho ma,~un11m damage to the objcdive iB tl,e 
tirnea.vail&blc,andwiththeme&1i.s&tdisposa.l. 

119. Oalculali=ofchargM. 

L The weight of cxp106iva (untamped) in pounds required for 
vuiousdemolitio1i.sunbecalculntedfron1theformula,inthefollowing 
table. They aro eqnal!y applicable to gun-cotton, a.mmoua.l or 
dyn~mite. Tntbeseformul:.e:-

B=lengthtobedemolishcdinfeet. 
T ~ tllickneastobede1t1olish~dinfeet. 
I =thickne•• tobedcmolisbedininchea,inthe cnS11ofote<Jlor 

ironpl11teonly. 

I u,._ 

Mooonry w,ll onr ~ fool t~k~ t 11.'J~ 

lhrd .-""'1(N1Ctangulor-,tion) 3B.1" 
Hotd•-xxll<ittul•r ...,tion ) 3T' 
llatd...,.,J., ougnhol• j'l~ 

lrouo, otttlplore !B.,. 
S..,.! wire ••~~ finches in cir<nm• Cl 

!,renoe ondonr Tii 

Oonllnuo .. c1'a,go. 

c.,::'~:::i. :':~rto ?:'i •• !·~::~ 
::,.:;gt~jl, -:,-~~~: 2~.!~~~,:~ 
,.quin2 lbo.perfoolnm 

Yob,,'h~\~• ti-. ch>rgoo m~y 
, ioin incbeo. (N.B.-A,lob o! 

r,:;;::::;~kfl cut• oleel f •t. 

C ·, Or<uml oco 'n 'o-cheo. 
• C.bleounde1 tio,1>e,;o oim•m• 

i~~':." '"l"i"' I !b. to '"' 

M11,io11ry includes concrete, st<me or bricl<work. 'farnping will 
i11cre1tSe the effect ol tlte aOO,·c dtarlJe•. Charge• plae,:d hurried!~· 
underc1m<litioru.,wheretheycannotbee,rn.n1inedprop,rlyaftn\Jei11g 
/i,ced, should be incren!!ed by a l"'reent.~ge (~•Y 50 per cent,) to allo1v 
for bad contn<:t. &c . 

2. Minod charg,,•.-The nwthod of ealmlation of mined charges 
to produce craters of varyin,r: di &melera in di fferent ~oils is l~id 
down in MiliIBry En,tineering , Vo!. IY. 'l'he following t:.able, however 
gives lhe weil,(ht of amn,onnl or s imilar high cxplooive required 



Ammonal c!,arge ;n lb,. 

I u •.••••• , ....... 
Depthtocent,..<>1 1-- - - - ---- ~ 

chacgoinfeel.301, ot.1 .4{lf.,,t.[ il0foot.160fe•t- 170 /o•l. 1 ~~ 

::1 •~ 1
1 ;~ I '?oo I : ~~ I :~00 

•~ . l!I() 420 80<) I.3M 2.Qro 3.000 

2~ ~ :; t!~ !:~: g~ 
- - 1,000 1,500 2.3W 3,<IOO 

'fhe fonns.tion .-,f crntors by means of mined charge, mnkca a. formid
s.ble obstRde in roads and railways, espec-i;.lly where de,·iation is difficult, 
~·or mined chargos, hoW<:v.,,-, explosive~ in considerable quantit ies must 
be 1tvs.ilable and their pn,p,.rat ioo entitils the expenditure of mueh time 
and la.bonr. They ""' thus e,.m,tially delihrltle demolitions. 'l'he 
n,ling principle as to the selection of point,; of attack i8 ]s,id down in 
Sec, 118, para. 2, The charge should be pl~cr.d 1m(]crthe centre of the 
roa<lorrailwny, nnd should he calculated to form" crater large cnou~h 
to remove the whole width of t he permanent w,.~. or mcfallt d swf,we. 
The ,k~pcr the charge, provided adequ .. te quantil-i ~ ol e,cplO>li,·e arc 
,.,.,u)able, the greater will be the efie<'t attainable. Tn many cases, 
however, the depth m"y be 11.,,iteJ by the pr-e8Cll"'l of w~kr. 'l'o lay 
the ,nine a vertical shall'" sunk at the ,ide of the road, and a hori• 
zontal or inclined gallery driven from the bottom of the shaft to tl,e 
requin,d dc11th under the centre of the road, where a chamtcr for the 
r,,ception of the charge is e-01u;truded. It is but to plae,i the chan,bcr 
on one side of the gallery to im,reas,. thc to.,,,pin~ effect.. lt shoul(] be 
of dimen•ion• I.<> cor,-espo,,.J with the ch!l rge calculnted. The cltarge 
is then laid and prep.~red for firing and the hori.onta l gallery tamr,cd 
with sandbags. Where the cIDHJ,e is I.<> be placed in an emb.,nkme11t 
tltediggin11olashaftisnot""""ulenooea•ary, ,. horiwnt1<lorinclined 
gallery bdng driYen from the surfaoe to the req\!irt>d IX"'ition for the 
charge. In aome cas~s, t he cello,· of a house at the side of a rw,d may 
lonn a conYcnicnt point from which to drive a gallery. The met hod 
of construct.in!( sl,afts nnd galleries and of laying mined charges are 

gi";~0;,~r1::it~ i;),~!~~:a:~:i;i~~;'~~~• d~~~;,~i~rs ohould be place~ in · 
w:r.terproof bnga, even m "Pl'arently dry 11-0\la, whene,·er the nnned 



,:,hargeistobeldt_inJ)Ollit..ionfor&nylengthoftime, !nn,anihyor 
wa\.er-logged !IQil• ,ti• often not pra.ct..icable to lay mmed chug'-"', 
owingtothedifficultiei,.preoentedinoonstrodingthe shaltandgallery 
and of keeping tho charge wa\.erpl'QOI. 

In ouch e.,,- waterpl'QOfed metal tube,, filled wit-h ammonal (H 
describ..dinSec.1Ul,para.4)maybefirodinbore-holeiimadewithearth 
augeraorbore ... Thiomethod ia,howe'<'er, notooeJlecth-easamined 
charge. 

120. Domolirio,, ojir0>1!1ndsl,elwork. 

\. A.gun-cottonis themostouit.ableexplosiw:forsuchdemolitions, 
it,,11$eonlyisconaidered,buttheprindpleelai<ldo•rnwillapplywh~re 
othcrhighexploei""sareuaed. 

Theformula:B.t'ahouldOCusedinca!cufatingall cha~aforiron 

and ,teel work. The ohargo must extend along the whole breadth of 
the mM,erial to be eut. It thw, follow• that the minimum charite of 
gun-oottonieoneslahpcr6inchesofbreadthtobecut. ltisusefnl 
~;:;';,f,'~~~~ that hy the formula,. s lab of gun-cotton wil! cut metal 

To cut a fin,t-cl= steel rail onoslob of gun-cotton is sufficient, a 
goodmethodoffi,ringiti stbatehownou Plo.te 174,Fig. 3. 

lncarryingoutthedestructionofmeta\lioauhatances(guns,girdcu. 
rails, &c.) it should be remen,hered that fragment,, are liable to be 
blown 1,000 yards or more away from the apot where the demolition 
isbeingcan:iedout. 

2. Girders,-There &re "° many cliJlerent lorms of girdeni in """ 
thatitisimpossibletolaydownndeafortheirdestrue.tionwhichahall 
beapplieab\eto all. The engineer must be prepared to use his own 
judgment. 

Indemolll!hing girders thereia.asar,de,difficultyin obtainin_11; 
proper oontMt between the charge and the metal oa~ng to the ptellE'nce 
ofri'l'etheads. Thebestrnethodolmootingthiad.ifficuhyistofillthe 
~paoos between the rivet heads with olay and include the depth of tlii• 
!ayerinthethidmeeatobecut. 

All ~lrdera are made up of " top and bolt.on, "flange" oonnected 
hya"W<ib"oonsistingolrontinuouspla teainplatsgirdersorofopen 
cro,,abrMing inh,,..,.,dgirder. . 

Withplategirders,them01<tooonon1icslmethodofdestructionll!to 
pla.cecontinuollllcharge• acJ"OM the top and bottom flanges and the 
web, Th<, weight of the cbarge•,suffieient to cut through the metal 

in CMh case, ia cr.lcubtcd from the formulr. ; B.1•. Thi• method, 

however, involves theaimultonoous firing of threeseparat-0chsrg('ll, 
moroover, difficultieo in fixing them to the girder may often arise. 
Normally, tl,erefore, the be.,t method of <leatruction of ordinary 



pl"te girden ia that ahowo on Pl.-.te 173, Fig. I . Sepuak charge" 
are calculated for the top and hotton1 flangea and the weh. 

In calculating the charge !or ihe web, only that portion between 
t~e "ng!e irona i• oonsidcn-d, "" ":UowlLllce ia Jnade in the fl!lnge cJ,arge• 
for the de•truclion of that portion of the web which is thickmed at 
the junction with the flange•. If the web doe. not eic«d I irwh 
in thicknc••• one slab per 6-lnch length to be eut ia ll8008$ary. Where 
the thickn

3
esa e,cceeda one inoh, the charge must be cal01<l!1-tcd from the 

fonnu!a, 2 B.1'. For the lfanges ihe chMgn ie cal-Oulo.tcd from the 

formula, t ia t.,ken a~ the ma,cimum thickn~sa t>f flange plus rivet 
head and B as breadth of Jlange iu feet,. To &llow for the faPt that the 
clwrge ia not pla,;ed oontinuowly &long the flange and for the additional 
e.:plooi.-e required to cut the thick portion of the web at the junction 
with the flauge, the charge arrived at.from the lonnula must be<loubled • 

.Example: Gfrdn, Plafr 173, Fig. I. 
i. W,b.-Thickness of web= l inch, i.e., under I inch. 

Therefore one sh.!, I""' 6 inche& will a1,flice. 
Length of •lah between an~le irona .. 24 inche,.. 

No. ofslab,;n,quiredlorweb = 4. 

ii. Top fla11gt.-Minimnm thickness I ~ ~ iu. (flange) + ½ in. 
(angle iron)+! in. (rivet head)= If ina 

15 
Breadth TI = }2foot, 

.·. ~B.t• - } x H x G)' - 4·2 lbs . 

. •. Chargerequired - S·4lbs.or9slab$. 

iii. Bol!mn jlallg<'.-"Mal<imum thickneaa t ... ½ in. (fhtngc) 
+tin. (angle iron)+ l, in. (rivet head) .,. 11 ins. 

llrcadt-hB= ~feet. 

•. ~B.t'=: x H x (~)' - 5lbs . 

. , . Charge required will be 10 lbs. or 11 olabo. 

In the cue of braced girdera,. auital,[e point along !he girder must 
be selected at which to cut through &II the membel!l. C!,arg"" rnu;,t 
then be caJculate<l sepa.:r,.tcly from the lorn,ula for each member, i.<., 
top "D.d bottom flanges ,md the web bra,;i¾;, 

3. Gun■ .-To destroy a gun with high eJ<plosh·eij a sholl should be 
Joadecl in the ordinary way; the uharge nece••ary for the deatmot.i_on 
of the gun ,hould bepa.cked behindJtao a• to bi: ,uclo,,,:,contact"T1th 
the ahell and with the&idesofthec,h1m1her. 



After the in,;ertion of the firing arrangement,, t he charge shot1\d ~" 
tampedwithearlhorotheranit.ablcmaterialtokeep it inposition. 

The bre&ehshollld bedo,;e,:l as far as posaible , just allowing room 
for theaa.fe~y fu•e or electric leads for firing the charge. A shell is not 
absolutelyneoessnryforde$\royingagunbythismethod,butincrel\...<es 
theeffect. Theohargerequired iscakulatedbytbefollowingrulc:
"Fora .1 -inch gun use 21t.s. a.nd doublethe chrge for cvery inch 
increa,;ein calibre, , ,G.,fora4-inch gun use4 lbs,a.i,dfora5.inchgm,, 
Sit..." 

lfuplosiveinbnlkianotavailablc,agunmaybedestroyedby}llacing 
ahighexp!oeiYeshdlinthebreaohanddetonat.ingit,altNfirotblocking 
thebore. 

121. Demoli!io11ofbuilditUJa, , 1ockadc•, ,t•c. 

l. Buildings.-Bnildings are best demolished bf pladng ch~rgca 
ofexplosi'l'eintheinterior,weferablyi11theanglcofthe111ainsuprort
inizwallaonthegroundfloor. ,\Uwindowo,dooraandc!,imneyoshould 
be closed. }'or small briek houses al)<\ C<Jt\.ages cha rg~ of JO l l>s. 
per room wil! gcnerall.v !,e suffident and for more wlidly built ho11aea 
20 lbs. per room. The ch.~rges should, if po,,sible, be fired simul 
taneously. Forlargehalls,theatres,&c.,andbuildingsofexooptionally 
aolid "Onstrt1ctionthe,1emoHlioni!!detailol themainwallsmayoft,,ll 
be the mo.st effcdire method of destruction. Hollow t<>lH'rs with a 
solidba.se,oucha& tllose inthe l ndianNorthWestfron\.ier,eanbe 
demolished hy firing a well tamped durge up to 100 lbs. in the centre 
of the base 

2. Stockade~.- The charge of high explmh·e requi,e<I to effect a ~==~" a stoekode m~y be ca.Jculated roughly from the lollo"ing 

Stockade of ea rth bet"..,..," t imber up to 3 feet 6 inches thick 
requires4 lbs.perfootrnuofbrea.ch. A heavy rail stockade 
requires7 lbs.perfootnmo! brea,,h. 

3. Barbed-wire entanglemen t.- For cutting a passage through o. 
barOCd-wire cnt.,.nglement in hasty demolitions, a form of mobile 
o!targe,knownasaBangaloretorpe<lo,mayheused. Jtconeistsolrn, 
ironpipe.oronemadcofatout•incortinplatc,filledwithammonal 
'l'he fw,,ed detonator and primer are inserted at cne end. Tlte pipe 
i• closed at it.s e.xtremitie• witb wooden !~"ll", t hrough one Qf wltich a 
holeiomstleforthesafetylue,:. Thepipeshouldbell\idonthestrands 
of barbed wire and should be ntJe,.,,t2 inches in <l iameterifl\cleu 
p,,.SMgeisto bec11t . With B.sngalnretorpcdoesonr 10 fe~t long, a 
pieceof"OrdeaudetoMntshouldhenm t hrough theleugtholthe 
clnrge to ensure detonation throughout,. 

4. T imber posts, trees , &0 .- The roost e<conomical method of 
tle~troying post,, trees, &c., with explosive is by making an auger 
hole tojustbeyondthcoentreforthereceptionolthechargewhichio 
calculatedfrom \.heformula!T'. 



Piles which a~. to be cut off under water at their bMe al'e best 
dM!t with in the fol!owing manaer. The waterproofed cliarg,, ia. 
attached to the pile a.bove the water by A. piece of wire rope, w<>und 
round the pjlo snfficientlv ]O()lle w that the whole will slide down 
,Ue pi,e. A stick np which the fu:oo or leads are lead ia. A.ttachcd to 
the rope ring, and the charge ia pllllhed down in poaition ht,low the 
water-le,•el to where the pile enters the ground. 

122. Dem-0/it,'cm of !>ridge, 
l. Daliberate. - Provided an adequate supply of e:<plm<iee;i ia 

available the drlib,,rat.e d~molit ion of a bridge will involve the 
destruction of the following:-

(11) One or both abutments . 
(b) Theinterveuingpiers(if any). 
{c) Themaingirdcra. 

(11) Abutmtnl~.- 11 the abutmenU! of a bridge aro dfl!ltroycd, the 
difficulty of repairing it is much increal!OO. Thllll their destruction 
is 11orm1tlly the most important opers.tion in delibcrMe bridge demoli
tio11s, eapecially when no deviation L'! possible. 

The usuR\ method adopted i• the laying of " mine<l charge " 
described in Soo. 119, 'P""'· 2, sufficic11tly close t-0 the abutment 1-0 blow 
it down, at tho •ame time,.,, t he ct,>\er is lorme<l. The most suita.ble 
position and the weight of \,he cha.rge will_ be governed hy th~ •trn,gth 
of t-he a1mtment walls and other C<Jnd1\ 1on•. The followrng r u] ,,,, 
however, will be four,J W work well in Jnost c,1oeB (eee Plato 173, 

Pig. 5/: If "b" j" the brea,\th of the abut,nent, tho charge ahould be 

r~=~h~n o~i::id:c~: :i ;]~: :i~;:::: :,~,:)d~t.t•~ b•.•,~" 
ii. The depth of the ch,._rge ·• h" shonld be be.tWI"'" I¼ and Ii 

times •· e" and io the case of m"'80nry bradgo.o at le'11lt ...., 
deep as the sprioging of the arch at the abutment. 

jjj_ The weight nf the charge may be calculated ft-0rn the table 

;~j~;:]t~¥if JI~~~:::J~~li7E~¥i1~:r1;1~~] 
up l-0 100 per ocnt. in order to produoe A. ~reatcr rao~,e o f 
di~ruptivc effect on the abutment found~tJon, , 

Example.-Itis reqnfrW t,o destroy the bridge shown on Pia.le 173, 
Fig. J, which is 28 feet wicl~,-

. -. b - 28 feet. 
and e = 14feet. 

Depth of centre of charge-
= I¼tolltimes l4foct. 
= 17½ !-021 foct(s.~y 20 feet) 
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rre• •lo.le of ,1,_.,., 8-. tll, po.re.,, • enter ef XI f•i di••e1"1r 
(b = • f.-•) i1 ~a••• •i • ·•p~!o. ef Hi t-i (• = 14 f•t) lty • 
1 !,arieel JQOl\>0 . .J. n ii1bl11hr,.;,{1••-•irialtyIOO,-r1o"t.)•·o•d 
t1i, .. 1o,.t..•on,, 

(l) I1or,.-'?!o.1 for• .. • for u lulati .. cha,·g"" for desU'uction of 

pi(:i i(/;~:::_~•1t:·,!! :i:~:.;·.,m b1 bro•.a;lit do•n by ib do1tro1• 
t io• of t!o.c •l•l•1nt,, Ill(\ pi.on, bui ii io 1•p,rhl\• '° •nou,. t!o.1i ihey 
1n nl'l.o i,nil.y d11aac,d to n•du thu1 ••l•H !or ro·oronio•. Thoy 
olocld ihor1loDJ be n.i _.it,h nplooin 1li1r1•••• <loomi!o.o,l i1 l!loe. tit, 
pu1.t. 

I. In uIIJ'1nl od all hri<lt• •••oliiio•• ii •lo.mild ba borH i• ~i•d 
tliai t!o., ol•Lrutio• or llo..e 1-,p10M1'.11 '° • bnc5ii;, by••·• of,,, ,,.,. 
o!o.ar1 .. may of•• ba •• ;.,,.,t••• • tko d•irn,,ti<lll. 1f th1 bri,5p 
i\•11. 

3. Ltght wooolen tr<'atle bridges with timkn up t.:, 9 inchoo by 
3 inches may be hurnt by using petrol or tar. Hc,.,y wooden !,ridges 
with timber of lMgcr dimensions should b~ d""lt<,yecl will, explosive,. 

4. lla-ty.- h l:n•iJ ,io,•o!itioH ilo.1 dt•kud ion of th1 1i .. 1• or 
1.roh• of I hritl11 i1, w a. rt1l1, 1.11 t!o.ai 11• l:>o 1tfo•pt«l, _.hil• 
o.wion&lly 10•di'li<1no ,nay per•it of ,•or•. ul.la•i•·• ,J&mlfl boq 
~•utrtl hy t!o..1 do1tru\,io11 of on1 or moro pllTI, 

Thi uthn of & ,a1,onry bridtt m1y l:>o ah10kcd 1,t ilo.1 h••••·• 
or tl.• , . .., • .,,__ 'l'h fo1·rnu ••>hod i1 rnu ,h '° h,, pr•l~l'l'•l •• • Iar•u 
t•l' ,yiJl •• n1ll.d1, bui .,o,.., -.plo,in 11·ill 1,.,, ro,uircd t!o.on /or • 1in1l, 
ohu11 -,lwod -.1. tl.l uoT11. 'l'kt 11'.•t• ••>· b• ,ah,u.111.ld lroa t!o..1 
fora•l• t iY• in &.. Ut, para. l. TI t i- and eo11dilion• J>oorail • 
tron1la 11'outd b1 ••I wl"OIO t!o..1 r .. d.,,y &,.,. I<> 11'.e muouy of t.li• 
&r,:,1'. , fort la• .-pt>O• •f ib 11'.o.qo, w!o..ioh ,h1uld boo o,ottii1n10• ... i• 
110 .. •<>•1.aoi _.iila tla• ••.,nry (•• Pl1-. 1Tll, Jl.1. I). '.fl.l tra,li 
11'.o•iol bo • n.i. ia .i-., 'Iii• tlo.U"JI ltw b•n l&id w thi• t11,1pi•1 wil 
i•oroo.., i io •••••· Wl.n •o••itio• do •oi ,-.ii o{ " \r.H!o.. 1.,.int 
.,.., th111'.a.q1 •"Y J,.. •• ,1 .. ,. laoud•• •-•ila,. i• e... 111, po.n. l, 
- ol 'oh• wit~!• 101•-,d •raly t-0 '11'.1 11ndor • id• ♦f I.Ill &r,:,J, 10 tl,u tl,o 
111.o.q, ii W ,.~ •o•Y.ri witl. ii t1'.ro111lr.od iii• wl.llo 11·ioltla o( ilo.t 
bri,!11 . 

.Utlr.onali ti-11, ... ~. ,, tho dutolitJon i• • !o.w1.,- "":"• will n••·or ,.,.,.i1. 
of •h• ,l•l-rt10tio• ol brid1• 1.b.ta1rt1.J by liury ,.,ud oli-r1•, on iht 
lil\H oi&tod • puo.. 1, ii ••y bo po,eiblo nndor ,ortoin 00ndi1iono 

::1:':::~·1_,::t~;~ ;-;::·~t:,!~:t ~-~, .• ';','.t~.,'1~~=':.~--~:.;,;.~•~i: 
''""Y .,,,,,tia11 b, onrrora, lty bloril.1 ,. ••••II initf,J ,!o..1.r11, up 
to 60 l_l••·• .'" lot• & o&,·i•y for t!o..1 -i• rhu11 . ..Utho,1h l.111 w!o..ol• 
ep-ro.i1on 10 tlo.u p1rlor•1• d H) \..,, i t•&•• it n-'l no• i•h •oro \I.•• 
1'.&11 •• lo.our to ... rry o•t ii tlo1 ohr111 ••• J,o prop•rod boforolr.a.:id. 
A•ot!o..u a01l.ld, 1p-,ially ni.Y.lolo whro th opproR1!o. i1 - ••Jo-io.. 



ment, is to make one or more boro-holu with an ea.rt b.auger !~hind the 
&butment ma.sonry and l-0 load the holes with !>mmonal in stoYc-pipeo 
(tuSec. 115, para. 4). 

123. T>en,oli!i<mofrailll"'YI• 

I. The destru~tion oF railway bridges and the blowing of oraU-ra at 
selected poiut<l in I-he J>l'rma.r,~nt way h:i.ve a.lready bN!n de:i.lt 

::l~:t~~~d1;!· :t: ::~ 1::\.a~;_n"z!;"~~~:t~ d:1~~:~;·:i!~; t~:'! 
a1<ita hle cha..mbor for ench charges. All alten1Mi1'e method of ,fostruc• 
tion requiring less cxplo,iTo i~ to den1olish " length of the v.rch•ring, 
the charge roquircd being tho same aa that for deatroying the ar~h 
of a bridge. Where the destruction of tho t1mnel ia not dooirable, 
an effecti1'e ob.struction may be made by causing the derailment or 
collision of rolling stock in it; the removal of the wre,,kagc within 
the crampe,l •?"co of" tunnel is " difficult and lengthy procet:ding. 

Much damage to the permanent w&y, rolling stork and applianeea . 
of a railway can ho offe,.,-ted without explooiv<ll! . '.I'he method of atta.ck 
mlll! t depend hrgely on the timo nt the dispoaal of the workini: P"l"IY, 
it~ numerical strength al'Ld on the ~xtent of the d11m11ge it is defilrrd 
to carry out, 

2. When a railway is tn be interrupted, the first step in every ea.so 
ia to 60Ver or block the main line,i of rails. As won an thin has heen 
done, points and crosa;ngs, n.s being the moat important parts of t he 
permanent way, should loc destroyed or rorno,·cd. The waJcr suppl _l' 
~honld then be rendert'd u.,dess. Pumps and tllnko should I,~ destroyed 
either with expl<>lli,·es or ily knocking off ri,·eta, &o., with a sledge 
hammer and ao ~"""i ng leakag~. All signals , botJ1 ekctric an<l visual, 
should be des troyed. 

Station bnil<ling,,. ""a rule, aro not in.-1.ispensable lo traffic and, 
thN~lorc, not worth destroying; but worhhops and ropairll shops 
, hould,ifpossiblc,OObumtontandtheirfittinggandmachineryanJa!J 
other toohnici!.l tool" or app:natu~ romoved or deatroyed . .Fuel should 
be romoved or burnt. 1f rolling atock cannot 00 removed it can 00 
rondered useless by burning, or trains may be derailed, preferal,]y 
over an emhankmcnt or in a tunnel by turning a rail. 

3. The simplest melh0<l of att..,,,king )he pe'."'anent way is lo 
remove or destroy portion• of the line or lmea nt mten·als, especially 
cuTTeS. JI aullfoient cx:plooivo is anifabte, do;gtruet-ion may Le 
effected hy firing a charge fix~.d aa descrihed in Sec. 120, para-. l,_ at 
e8.()h rail joint,. The rails will thm be damoged beym"l prawtwal 
repair. P.aila may be _destroyed l'Vit-hout orplc.iivPs, by ':'-•kin~ lhca 
with the a\cAper~ , pla<'mg tho rMls upon them and t~strng them 
"'·hen hat, lf t.he r~i ls are only bent, they can be strn,ghtened on 
the opot, hut if tw i"ted the,y u:,ust be ,_., nt io the mill. to bo rr -rolled 

::~~n:1:~~l~ ~;;~<'~:Ja!:;:· a ~:,::~,·~! tl~:;":!s !~: ::haitt~ 
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tl,eyoan generally be broken off with oha.inmer. The~h.airs should 
be broken off with • sledge hammer, If time and oond,t1ons permit 
the permanenr way may be taken up and removed "?<iili• iu tt,.ins, 
but tht1 requires careful organization and large working partiee and 
should be left to Bilway expert• 

4.Whenitisde•iredtoonlyrli!!ablerolliog ,tn<korinstrurncnU!tho 
guiding principle should be t-0 J~8t_roy or remo~·e the whole suppl,v 
~{ one article essential to the work1n11; of the railway rather than to 
effect promiacuoua but, inwmplete damage of several thing,,. The 
ll.4:!01nionnfthiecourseofact-ion pre,·entea,fewoomplete unite being 
ffll'medfromtheP3rliiofdamagedoncs. Looomotivese,.nberendered 
~t,..,. butotill repairable by takingofftheinjeetor, the OOIUle<lting 
rods,pi, '-Onorvaln1;08J'riage,1canbesimilarlydisabledbyrcmoving 
the spring,, •o as t-0 let the body of the carriage fall on the wheels 
and n le 

CHAPTER XVIII. 

LAND MINF.S, TRAI'S, &o. 

124. TypU <f mi>iu and trap•. 

1. Land miru,a are e:,;plosive chru-g<lll laid in the ground with the 
objectofdeJ,.yingtheadvane,,ofancncmy,byim1,a.iringhismoralc, 
d . .,troying hia peraonnel and transpo,·t, a.nd interrupting hi• C<Jm
municatioru, after the evacuo.t<:d tenain h"'< fallen into hia hands. 

'l'he quantityofexplosiveuscdwH!dependupon thepurpooe forwhich 
the IMtd mine ia lo.i d and mo.y vary from a few pounds to aevcra l 
hundreds. High explooivc ahc!la Mtd trench mortar bomb• may often 
be suit&bly used for the ch~rge in pla<'eof bulk high e:rplooive 

Landmine11m,.yhedividedintothroocl"88<111MlCOrding tothemcthod 
bywbicht!>eyareaetinope,ation 

i.Cont.act.. 
ii._Obscrvation 

iii. Delay action 

i.Contact m.inaa.-TheS11nor,nally con•iat.ol a small charge of 
e xplooive buried n few inchea below the aurlMe of the ground and 
contained in a "JlOci,.Uy de•igncd box, or a shell, fated with some 
formofcont.adfiringarrangement-. ThelattcrissoC<J1>structedthat 
presaureonthesurfaceofthegroundcaus,,dbytrooµ,or,·ehicles 
passing ovcrit,sets itin oporationandfires tho charge. This firing 
1Lrra11gement in most formsfunctiorui by percusaionor frictiou, the 
relcMCof"strikerfiringapercuasioneap(justnsacart:ridgeisfired 
inagun)orjgnitingfrictioncomP'-"'itiun. l nsometypes,howe,·er,it 
,nayoperateelootrically,thepreaaureonthesurfaceclooingacircuit 
andthuafiringthecharge, 



'fhe de,,!gnq of conta.et min~• tha.t mo.y be met with are very 
num_orom. A few repreaentattve type& are desm,ibcd in Military 
Engmoonng, Vol. IV .. Knen.sive field. or be!ta of auch mines may bo 
laid and thero ia much scopo for the skilful oreleetion of ailel! whe..., 
traffic is likely to pass "lld yet where the detection of miMII i• difficult . 
The mines should be so apa,.,-ed a.s to render it practically impossible 
for a wheeled vehicle or tank to paSJ1 through the belt without eq,loding 
one of them. 

Jt is, &ij II rule, difficult to conceal contad minea in the metalled 
ourfiwe of roads . They may sometimes be pla.ced wiU, adv,.ntage 
on the edgo of road, whcru traffic is atill likcly to pa.•a and where tho 
aurfa-0e is, "" & r ule , m01'e muddy and thm afford. greater faciliLie~ for 
ooncealment. A ruse often "dopted is to ph.ce nn obstacle in tho road 
and to la.y a minefield on e~h side of it where e, deviation -..-ould 
normally tako place. A <,ral.et' forrnl! a apedally u.tiefactory ol,stac]e 
in such cnaes, u the debris sc .. ttere<I round it from its e,:p1o..ion ser.·e~ 
to obliterate any tra.,,es un the •u rf..,_., of the e,-:iatcnce of a miner.e]<J. 

ii. Ob■ervation m in<1& are land mines whioh oan be fir.-..! by 
clcdricity from a distance when the enemy is 80011 to pas• over them, 
They may be la.id in front of a defended position in ground over which 
the enemy is li~ely to ad"""'"' or mau for a~"":"k. Their we, ho-..-cver, 
&II compared with e.ont,wt mine;, is rather lim,t-cd. 

iii. Delay action minos '""' <Jperated by a delay ad-ion fuze, by 
1neana of which th~ iirn~ of the explosion, after the charge has been 
laid, may be deferred for a period varying frmn ate": hours to ae,crnl 
weeks or even months. 'l' hc simJJlcst 0,nd moot •atrnfoctory type of 
delay action fnze hithci:to i'.wentod depends on the di...soohing of 11 
finest-eel wire byacorros1vchq11id; the length of the delay is r,_,gulatcd 
by varying tho strength of the liquid. It is ful ly dcaenbc<l in 

Mi~t:~ !t:ee;~ft;aV~~i1~':. ,. rule, consist of charges of several 
hundred pounda laid atdcptha auitahle to form large c_raters._ They are 

:buc::;~~~~~~~~ ~~t~~i~~~ht~ i::::;~:,;~:{~~:~~:~~7;~::~t~~~d~~ 
road and r&il oommonicaLion•, aft.er the damage effected by ordinary 
demolitions prior to the retreat h"ll been repaired b.1· the enemy. They 

\~::\~i~:2·~~;~~t::~f~E;~:;l7-l~2:i~1I; 
~i:t~€\f~i:~~:~:;ifffii~~i:~~I;ii;:~~:: 
of uncertainty they produoe h:W! a conSidcrable moral cffeot on ndvanc·mg 
trooIJfi aud may deter them from uaing much val11&ble ohe\ter. 
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Jn principle their method of working ia si~lar to land cont wt wine•. 
'l.'hede~ign ol trsps muat be adapted tosu,tthelo,:,al feature• oleach 
particular caae, and in general the more _variM their form )he m':'re 
diffiault will bo their detection . 'l'hcre '" ample field for mgonmty 

ani::::U:!i::.: :~'::!7..~i~;~~!:nn!::!:·of traps that may be laid,-
A looaened boord so arranged that a charge i• fired on the former 
being stepped on. Anattra.c\.i;-erouveuirortrinketeoaltachedto a 
concealed chuge that i\ fire,o tbe l&tter on being moved. A charge 
placed in a chimney so that an explosion ooours aa soon as a fire is 
lighted. Charges may ~e so made up tht they are fired on the follow
ing a.etions :-the ~p•n:1ng of a._ door, window, cupboard or draw~r; 
switching on electtic hght, puilmg the plug of " wa-tcr-closet, cuttmg 
ortrippingo.-erawire. 

3. General remarb.-The making and laying of all land mine• 
andtrapsiaadangerousoperation,&ndshouldbecarriedoutby 
expel'h. Wherever they are to be used on an e:rtensfre sea.le 
aconsideredschemeieessential; carefulrecordsshouldbekeptoftlle 
poeitionandnatureofallmine,,andtrapolaid 

1215. TM ddalicn of land lmne, and lrop1. 
1.Mlneaand.tr-ap,, laidbyaakilfulene,nyaremostdifficultto 

detect, and their •nocesaful wtion can only be circumvented by a. 
thorough andconooientiouaaearch, During an advance the country 
must he systematically examined, whenever \.l,e enemy i• suspooted to 
h&veemployed thooe devi"""- Speciallytrainedpartie•ofenginee1'$, 
actinginclooeco•operationwiththeinfantry,ahmddbe used for this 
purp,se. T liey •hould OOequippedwithprobingbar~, electric torches 
aud wir,: -cutteni. 

In oearching • uspeot-ed looa.l.it;es, contaet and delay aetion mine• 
mayhedeteotedlromthefoltowing:-

i. Distnrbedappea.ranccofsurf,.,,.,soi),breaksin thecontinui ty 
ofweed!,&c. 

ii, Smnll suooiden""8 in the ground; these are likely to be 
=ntnatedhyrainyweather. 

ii i. Pre.senceofspoil,explosivewnppings, boxca, &c. 
i,·, Foot print.<lin ,oil foreign tothcsurt'.aoo of t he ground,,.g., 

chalk ma.rkg where no chlk e:,:ist• on the • urfaoe. 
v. Peg,,orothermarksplaoedin theground wit,houtonyobvious 



building,i . In • 1_1ch ea""" search parties should be provided with 
comp........, Mid d,p needl<¾I. 

Search pe.rtieaahould be ca.re!ully imtructed in the ,--ariong type• of 
mine• and tra.pa t ~a.t are li lre!y to ho cnc,;,w,tercd. When any ne,o
form is disoovered . ,t •hould ho imrnedia.W!y reported and a description 
rendered of ite •a.llcnt features . lly t his means all hooJ)I! can be 
quickly wa.rncd and acaroh parli~• plared on t he look out for d~,·ire■ 
of thesame typ<>. 

2 . T he r<>mov_al or rendering h armleu of mine~ and lrnps i" ,. 
d t<ngero" • oporahon and should only be carried out b~· experts. ln 
eome c~ae• t,ho ext raction of the firing dev ice and detonator Ulily be 
effected without danger and the bulk e:<J~O!live leftfo.s-ilu; in others , 
it may be adviaab!o to remo,e the whole chm-ge carefully "nd explode 
it in a sa.fe plaoo . Where the charge i~ fired electrically the w;""l of 
the s·ircuit should be cut and the electric detona.tor remo,.eJ. With 
delay action minca t he fuzc should be removed immedi~t<'-ly it is dis
coi,cred. Particular care mlll!t be cs:erciscd in doing so u the ,;lightest 
jar may send itotl. Explosives ahould not be thrown in 1.011& or down 
wella "' they may poison t he water. 
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[n principle their method of working is si~lar to !and contact mines. 
The design of traps must be a.dapted to su,t Uw local features of each 
particular ca.se, and in gene~al the more varied their form _the more 
diffkult will h6 their detection. There ia a.mple field for mgenuity 
andcunuiuginco11Btructingtheoodevi0<'1\. 

The following nre a few typica.! instance., of traps that may be lriid :
A \ooaened board so o.rranged tha.t a. d 1a.rge is fued on the former 
being stepped on. An aUra-0tivesouvmirortrinketsoatta-0hed toa 
concealcdobarget,ha.titfireiithelatteron being moved. Acho.rge 
p\,wedin&chimneysothatanexploaionoocurs a.ssoonMafire is 
lighted. Chargesllla.ybe;,ollladcupthattheyarofiredonthefo\low• 
ing,wtioll!!:-the opening of a door. window, cupboard or drawer; 
,witchi11go11ele<:hic!ight,pnllingtheplugofawater-cloect,cutting 
ortrippingoYerawiro. 

3. General remarks.-The making and hying of all land tuinea 
nnd tr~ps ia a dangerous operation, and should be carried ont by 
e~pei't8. Wherever they are to be med on a.n extensile 80,.le 
l\Oonsideredeoheme isessential; Nirefulreoordsahouldbekeptofthe 
poeition andnaturoofa.11 min~"'and traps laid. 

125. Th~ dduli!lll cf kmd minu a"d /rap,. 
l. Mine■ and trap■ in.id by ,. skilful enemy a.re most difficult to 

detect. and their sucoeS1Jful action can only be circumvented by a. 
thorough andcolli!Cicntiousaoarch. During an advance the country 
must be aystematical!y examined, whenever the enemy is suspeded to 
ho.veemployed thesedovioea. Specially traincdpartiesofenW.neen,, 
Mting in dooe oo-operation with the infantry, abould be u.sed for t-his 
purpose. Tlieyshouldbeequippedwithprobingba.rs,dectrietorchc" 
andwil'e-eutten,. 

In se:irchingsuspeoted !ooaJities,eontl\ct nndddny wtion mines 
maybedetectedfromthefollowing,-

i. Disturbednppearanceofsudacesoil,breaksinthecontinuity 
ofweeds.,h. 

ii. Small subsidcnces in the ground; the,e are likely to be 
aooent<1t1.tedbyrainyweather. 

iii.Pr-noeo£spoil,e:1plosivewr,lppinga,b-O,:es,&c. 
iv. Foot }Jrint.ain soil foreign tothnsurf"<'.'e of the &round,,.g., 

cha.lkmarkswheronocha.lkexistso!\thesurface. 
v. Pe":e:;.,::hermarkspl,wedin the ground without any obvious 

Delay notion mine~, sinoo they req uiro no contact making device 
neal'thesurfaoo,uepartiou]ulydifficnlttodisconr. 

WheNltheenemyisnsingshellsfortheexplosivechnrge,thedcflee. 
tionofn rnagneticnced]ejnthepresenceofiron rnayaomc\.imea l,c n 
vahmblca.idtodeteotion,cspeci8llyinaearehingwallsofdug-outl!and 



buildings. In auch caoos search partiea ahould be provided with 
compa!lllt'6and dipnoodles. 

Search parties should be csrcfuUy iru,truclcd in tho n rion• types of 
mi nes and traP" tha.t are likely to be tnoount.-:red . Whm any ne"' 
form is diacovered, it •hould he immediately reJX>rted and a description 
rendered of it,, aalient feabl!"eJ!. By thja mea.ru, 11]1 troops can be 
quickly warned and search partiea placed on t he look out for de ,·i<:ea 
oftheumetype. 

2. The r emoval or rendering harmln• of minos and lrnpa is & 

dangerous operal ion and "ho,~d only be cnITied out. Ly exJl{'rt.s. In 
~omo cases the extraction of the firing dovice and deton,;for ma-y l;e 
offoctcd without ,fange:r and the bulk explosive lcftin,;tu ; inuthet3, 
i t may l>e advi sable to remove the whole charge carefully and ~;-q!lode 
it in a a11fe place. Where the charge is fired ele<ltrically the wireij of 
tho circuit should be <,ut and the electric dcton11tor remow,d. With 
delay action mine• the fu,e ehould be removed imi,u;di at.-:ly it _i.s djg. 
covered. Particular ea.re must be e:rerciecd in doing so &8 the slighteat 
j&r ma.y •end it off. lh plo,sivea 8hould not he thrown in r,ond,; or down 
welL, a.11 they ma.y poison the water. 

(• 147S3)q 







APPENDIX II. 

TADLJi: OP Tu.rE, .\IF.Ji A.'10 TOOLS R¼UIRED l'OR TKll E:u:CUT!OJ< 01' C:Ell.TAIN E'r&LD ,voRK$. 

Itisas..ume<lthat: -
i. All trruiingandmarkingouthas heendonebeloreht1.nd. 

ii. Materi&ls are on the site of the work. exeept when provision for carrying is msd.e. 
iii. 'L'helabouriJordine.rilytrainedinfalltryworkingparties. 
iv. Rainisnotfrilling. 
v. Themt1.rehtoworkdoesnotexceedl½ houl'$. 

-1~: .. -1 
party. 

Tooloporparty. 

!Pick 
l.Sho'""! 

(G) Soi! av,~.,go •••Y: ino......, by 
OOper .. nt..forveryoaoroo.il: 
1iffi':.'r,o~': 30 percent. lo, very 

(h)D<><r•auby30pe,«nt.for~ 
d>rknight.. 

(o) Ma~imnm throw l? feet ond 

t1~e!/ .. ,~ i;:~:111:..1i~a ~~ 
u-,!od. 0"" • hovellee, with ono 
•ho•el. ;, r,q~in,d for every t\OO 
digg,ra. 

(&)\\~,en dopth ol u.moh ene<ds 
4foet,one,ho...,ller.withono 

~~'-:1,.;,1~o'"olt:•t.~:. •::r 1!:: 
t:;'!j'~Tidi::;::. muot lot> l •ft 

g 



1- + · I 

.t' ] 

s ' 
E j 
~ ; 1l 

f I t 

i!U H 



TilLl'J or Tuu, MES AYD TOOLS HEQtJIBBD FOR TBll Eu:CUTIOS or OEBTilN FIELD WORil:S. 

ltisassumedt.hat:-
i. All trncingandma.rkingouth&S OOOndone beforehand. 

i i . Materia,ls are on the site of the wor1.:. except when provision for ca.rry:ing ill mMe. 
iii. Thelabouri~ordina.rilytrainedinfantryworkingpa.rt,ies. 
iv. Ra.inisnotla.Jling. 
"· T hemarohtoworkdoesuote:tc,;>edl½hours. 

Too!,perparty. 

lPiok 
!Shovel 
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Al'PENDIX UL 

TABl.11 (lfVJN(l LoADS roRMAN, G.& W.i.oON ,l .ND 3•TON l.ORI\Y, ron 
Ei<GIN.i:EltlNG STOR&!I IN GENERAi. USE IN THE ~'n:.Ln. 

[NoT-.:. - Tho lo&ds are b,,sed on fair conditions only-i.e., a. mau 
at30lb<!., aG.S. wagona.t 1,900 lbe.,anda3•t.onlorryatf>,600 lbs.: 
,11vlergoodoonditions, thelood of a man may beincreaaed t-04-0 lbe. 
and theloadaof aG.S. wagonanda3-tonlorry byone-$ixth. Man. 
loadstobe ·•bundled " beforehand, whenever JJOijjjible.J 

... U.~•it~W;'«ighl., 50t<>75 

1°i!s1~':1°' ,... ight, 

3 Sc,.,,,. pickot,,Jong 5 fl. 7 in, . long, f 
oy<0;w<ighl..ijlb, 

=~~~~= \:•.-,horl. :l;;;f~{~i!f:: 
loop,weight,2flbo. 

e ,l.ngle iron piekeu, 6 It. lO iru, . long; 
long ,..ight,Hll ... 

A,~:i;::" picket• . 3 ~/t, tii...long; 

8 P0<to. woo<l<n,6ft 3lt<> f i,,.,di •m<ter: 

l: :J~•~ ~~• roil . 
(£ngliohma nuloc 
to""f 

11 Stapl ... F-cbwire 

,.., ight,91bo. 

:::ifr~j;72::= 
:01tr4=]=•gJ••-Of 

Iloioo'f~300;w,i~ht, -

12 Plainwiro,coil ll'<igl,1.,t,6 lbo.,IOO jcoi l 

13 Ra,hWtnel.ting,roll 3f~":,;,fde'.Yi~••nloin ~yard, 
roll;-,ight.~ll>o. 

H x.r.M.,,btt \a 6ft. 6 in,. long by 

~!ft:o:!h:j 
15 C'-0rrngatedi,on,6-ft.. Widt.b,2!t..9in, .; 

,;.,,,,1-, -•W•t.16lbo. 
16 Coroug•~;ron,7 -ft.. Width,2ft.9;n, . , 

17 eo:1::;~t«Jiron ,9.Jt.. wid,t'1·:f.1 i°J;,..., 
.i..,.,1-, woiib•,2Slbo 

:JOhundlN Sllbundl .. 
121,on,, 3~bo-



Deoeril'tto" . 
l0no mAo> IG.B.w•g0J3.to<Jlorr,-I IMd . 1-1. I lood.. 

... 31!,.-,.ido.2:iyardo lOy, rJ , 
]b,'.oll;,reight.85 

1\1 C.nvM,H- i•TI.roll 31\..-..ido.ll0yt>..do 50 p.rd, 
jb,i':°ll;woigt.t.10 

20 C•m<M,rot-proof.roll 61t.wide.12()y,.,J, 30pr<l, 

~Wii!'.' W<ijlbt, 

21 "A"fnm .. (• m•II) Woight,30 11,o. ... 40 12() 
22 T~nohboor<l 6~/i:.118' ""ight, 35--40 l'.?0-100 

2l Timber. 4-iTI.by2-ITI. F.R.;wo!ght,211"4. - 2,250Jl'.Jl .. 
24 T,mbo,.9.,n.byJ.,n. F,Jl.;w,,gb,,9H,o. - 2001'.ll 6001'.R. 

I! Eg~~~:J/S:og .t :"f:~:nd;::n.~~~ rI~;!.~ri~d~~!~;:~:~ 
weight,OOlbo. 

29 Pitprop,9ft. loog. 9 -.,., d 'a,nettr; 
4ooitt, lSOI Lis. 

~ IIftea•~-- ... - · · l• nJbag }onb.fu. ~lc~t\u. 

32 Com1gal«I oleol Se,, Pla to IU for 
oh<ltu,I•~ q,i~ntitie, 

33 Co~~mall•leol Bt~n~:;'J,.\U for 

800tollb. 
122tollb. 
~2 to I lb 
30tollb. 
20tollh. 
!4tollb. 
OOtollb • 

... i!:J;;~ti;;J, 



2'0 

APPE:.,,Dix IV. 

PRfNCIP.U. TOOLS, MAT>lfilAL'l, AND BTORl!il SUITAilLE >'01' liSl'l I N 

'fl" ,,..u •>-' •t•ru 1r•·•i<l•d f,r ,i., JI_. iulroofliH #( 1,..,, i• J•I• 
,..,,,,,.,;., •ra •• kill d••• i,1 0• J!•J•klli•u f/11' llw .t"tuiJO,•••l ff/ a , 
,1r, •. ,. P••t I, uo~. ,...,._in ••• -~1'1"-''• YI. f'lw -i.••' 11,ru 
fan,;,., .,.,. .,.;,.,,,,,_ f,f ••ii, "'' ,.·,•iktlJ "l•iJ,,i i• ii. t•ri,111 
_,;,,,, f,f l"•rl 1 I , l'f• i,-,w•I .l•t•kli•"'• •- i >1 1t•ili•W• /JI,,. 
r•••(,j, . .r.o. 10~1J. 

'!"I.I J.A,wi-., 'l"•Wu f,f t•J,, ••t•i•#, •>ul ,,.,.,. •r• i•l•-'tll M a 
,.;,, 1-' a .. •--••,.., ,.,,,.,"ti .. ff ,.,,;,1., ,.;,.u, J,,r •• i• ""''· 
f,r ,.,.,. .,.....,ii,;,,,w ,,f J.•W. " 'filW•i"f .., •rt ..,.,;i., .- i••ii•ta i• 
lhi1 m•n><•I 

TM t1ierhod ,if oMai 11ing ~"PPIJ of ~uch articlu wiUfolJ,m· //;, inMn,ction, 
foid dou:n in P.S. R4111l<>lfoM, a>la Ordnance .Manual (War), 
p,;mu.36and37. 

'l".i.. ,,._;.1 .,-•il'•ul rl'f"ir.i fer l.h J-••i•r ,,.,,,.,,, ••ri,:,i, i1 
••I iflt/w.:,,1 i• /J,o• I••-•· •-11 i,1 ,. f•r 111 •••i• •rlid•• •-,ri,_, 
u,roi• ,,,., h ,,,ii••!• J•r '"""•11,•lll ,,,,;,, .. ,;.,, 1'••:.o•• ,

.1,...,.,;,./ ifl,1n,,,..1, ,.,,., . 1 .. ,,i, lirl1 1torH. 
lf•il•w1t•II.J;J1rnl••WM1M"r,,l /r•i•w. 
6n,-cr it11l~••u• .,.,1,1.-. 

DwwrnJ and~""• =pt u·Mre otherwi"" staled.'''" •· p,r article," 

The tables in this Appcn<lix a.re:-

1.-Tools, cntrenching 
:l.- 'l'ools,cutt ing. 
3.-Toolsandatorcs,miaoellnneom. 
J. - &ndL1>g,i,canv,.,.,&c. 
li.-Corrngated shelter~ and iron aheeta, 
6.-lfoltcdsteeljoist.11androila. 
7.-POostsandpickets. 
8. - Matnials supplied for ca.mouilag,-. 
9.-'l'imb~r. 

10.-Cor<lago. 
ll. - Ilri<lgit1ga.11dboat, sto f<'S. 
12.- \Vireandwi reropc. 
13.-Bolts, dogs, ru.ila a.nd •pike!!, 
14.- Wa.t,,r supply stores 
16.- Ikmolitionstores. 



., min<ro ... 
Spa.d .. ,M..,kIII .. 

j _!low 

.. .l;i:::~.~~~~-
··· ~:;1~:t:,-/!'}!-. :.. . .. 
• • 6Jt. 37 !b.<., ~ ft. 6 in, . 31 lbo., 4 !t. 

~ ,\'.3 ;~ _1}~"i',/ ft: .. 6 in•::.12 J~ 
., . 22 Jiin>.G lbt.(■ pooia lohorlforcra.mp,d 

n•k) •·· •·· •·• ••• 
30in>.3 lb.. 6oM.(boo,rlolu>p>d, 

ot.raighiotabbing) ..• 
.. 32ilis.hel~e.3ilbt. • 

32in.. bolve,61b, ...... . 
•.. :IOino. 611.s., a nd ~fLlong .. 
•. 3~iins.behe,6fl bo, .. 

Tan,.,: 2. - TooJ.J, 01tlting. 

D"'ign"\ion, 

Ad,..,,oarpent,,r,,~andled 

i:::~;~:g 
Chi>el,,brick ... 
Chi .. lo,bond,cold 

Odndot.o»<o.F.S .. 
Boob, bill, .• 
Hoob,,ee,ping ... 
Plior,. ,id.,.cuttin.,; 
s,,,..,croo,i.out ..• 
S.w>,folding,inlea\ho,c-, 
S.wo,Mnd 
Set, ,eold,Jarge 

~:t~~~~~ -· 

. .. 
; .. ,.od. 



T ARLI< ~.-Tool.! and storu, mil!Ul/a ,.w,<&. 

(N"ot i nel uded in Tables I or 2 ) 

J ou·\ . 

~·:;d:'."ukP ~o;~'i[.\tn;.•-• a,"-1 l j- in ,. 
Jlan.jompingjchi.,l•a, hond ) .. 3;., , .,1:, io,., a ndl iiM. wide, n f t . 

6ill4,anJ7ft. long. 

I:.';kt~.'eh~:~tt:~a":t.!.:~;!h-. :t:;~~•:i,~,11J:bJ't and .,rn t,eh 

Forg,,,,. fid,l . 0.8 . . 

LadJor,, fi<IJ tclcg,aph 
I..,:h' , ., • ,.m"nor, 
l Amp ,a0<tylenc 

Scnpe,...oa,t h 

(ond,isoofoord,go). 
Wilh hooe and wrcnet.<.. ; lot 
unl ;Jatingmineo ,&< . 

... 1!1~7i:..7 <><~ forra;. iogearlh(rom 

... i\;i~~-7:~~.:':.1!",~!t::~ 
-- ~::=.'ll'inche<1,t-0lift l.25, 

. .. r:~".'-•"Jpolo,,,Ji.,.,w,,g, and 

.. iJ3;.!?• '°•andr,Qlh>. 

::: i}\~f~~l point-

·· · Jlor po,tholeo, 2 ft . & iw,. x 2 
211 1~. 

... l 6ft. 0 1n, , ;.,21eogt i.,. 

... 20,30,andr,Qft . . . 11,';:;~ &Tid po,iaWo a nd calcium cN• 

::: d.r~:1::::••bleond,pooaecumu-

::· t~k31i..., -. 
... ll'ood, l0ft. And8 lt . m~rked3in,,, 

5ft..markedJin 
.. , For olead ng boro-hol.,. ; 3 in>., 

::· ~~]~~tm~_•; :i:i\ ti:"'J ft. 
l n leothoro"•• l OO lt. 
oOy<ll. ; l jin.,. wh ile web 
69 H.., . ; for N!moving o..-t,h in 

.. , J,.::4 ill~. ~ido. 

""'" ;,. , od. 



Folt, roo8ng . .. . .. 
61ioetiog,«Jrrng~i,d iron 

T..o.nLE 5.--Corr.,,1>ted8kl!era andironaheet•. 

Str•ighl , heot...b\o<l:. orp• intczl ... 

Stnii;ht obttto, bl .,kor ~int,,d, 

cuf'~~=~ for bi~o= ohelte< 

Troughing . 



I 

I 

Til!LJI: 6.-IMled alul joUt, and roil.,. 

Pic~l>,an;!l•.:=• ;;:f;u;;,_· :::I ;)~ iot'.'i~~~-~ ... :::·::·.11 
.. ..:ro,.,long ... ~ft. looi,,4 •yeo .. . 
,, ,, me,! ;um .. , Sft.6in, .long,3ey,.. .. . 
" ,, lhorl ... ... lft.O;n,,loug,2oy.s .. . 

Pooto , w;.,, <nt=gkn,on\, wood . ,, Varioue l""l!IM ..,,d diamok,-, 

'l'AllLR 8.-MattriM,.1 aupplied for oomo1ijl"')e.. 
l,'011. CONOJ:AT¥1'N'l' OIi FIELD \\'ORK~, BA.'M'Mlll>:>, &o. 

I. FiaL netting in 30 feet by 30 foot •quares , or wiro udtingin roll.o 
30 foot by 6 foot, garnishe,1 witL canVl>I! knot.., with or without irrogular 
iahond-'! ol aerim (an open n1eah fortn of canvaa), ma.inly for use in open 
oountry, 

2, Fisbnotting(:lOfeet by 30feet) orwironotling(30 foot by 12 foot), 
furllillhed only with largo ishnd• of aorim, for """ in broken country. 
J,'ish net.a (JO feet by 10 feet) with raffia. 

3. lrreg,~ r.r paWhes of ecrim, with or without bare rolls of wire 
netting 30 foot Ly 6 foot, to be ua~-d for auppleo,enting, or actu:i.11:, 
mak.ing up material mentioned in parn. 2 in eilu. 

,l, Scrimahoots, :JO feet long byil feet or l2feetwjde, for covering 
oµol l, M,n,Jl,,.gs , &c., or a.ny other light .toned objeets under m"'teria.l 
1, 2or3. 

5. Poat• 2 ind,ce by 2 iuchM, of vMying !ongths, pickets and wiro, 
for auppotlingoa.rnou fl»g,,. 

Sl1Il'.1m's REQUISITi:S. 



T ABT.>: \l.-T;mb<,. 
(Non.---'l'imber may bo cithcr felled &nd trimm~d on tho apot, 

,x>llooted from timber store,; in l>(]j~nt town.11 or vill"g"", obtained 
1,y di!ilmJ.ntling aUUctm-ea cou!Aiuing thnber, or denumdcd !tom the 
eugi,·eer J)llrk$ end dump,,. The following table gi,·"" tho ordiua.ry 
$izE<I in which timber m&y 00 expected to be av&ilable). 



,\ 
I 

, I 

'I'ABL>: 11.-Bridginqandboo!•lore,. 
(8a al,u Military Eugineering, Vol. llL ) 

&.ni,,~dle,.'dk. II 
11.» .. ,ooll~fJO;blo .. 

Booy.,p,mt.<:>ou ,; ron 

g"~.lti,'. .,. 
Drivoro,pilo,Swiu .. 

HooU,1-t ... 
L;fo-t.elt.,e,,,k. 
J.ife.k,uoy,,ll k.lV 
o~n,"'h 

Stiek>,nck .. . .. . 
'1'<> ....,m.o, , horeend, Mk.111 
Trd tlO• . bddg;hg, .'dk, Ill 

' };~:~;~~'),!.,';!; 
l ~!.t.91 In,. Oy3tln , . toJ} im. by 

6m, .; Wlbo . 
3:~;_ino, lvng; 3t<> aoi : l ~f l bo . 

.. 3:!;,i~.lin,.long; 2to oet; 21½lbo . 

. , Jntwop ioceo ;t>8lbo.paiT. 

1,-~ 

... ~if~I:s~:01::p:.1*'"::.1 DoL 
···1 10 It,. ~y 12 ino. by If in,.: 4511,o . __ : :~rri~~~:·j~~~:~ ... :._1_:~~~, 
... 21lh~\'fc!:'" ~o~nf;, [~;::,~1:°r:"ing 

Bow ~ncl , ternpioce,; l,OO Bl b,, per 
p,ir. 

l!!~t~:,tt:l~.6hu., 'i9lb>.c 
,., Witl,6ft.of 2.in.l .. hing ; l¼ll"' 

lllt . 6 ino.!ong; 731bo . 
.. . w ;,b 2 C,&ekl .. ,diaor,nt.i•l, lOewl 

weight.816 100. 



T.ARL1' 12.~Jrir,andwirt ri>JM. 

D;,,, ;g,,• t ion. ____ _ _ I i!:~ 
Rope, g,,lva ni<ed, 01<0!, ,.; ,.. ···I In coil• ol JOO fmo. .., 1:--:-

~;,•;;~;~;;,; :;: •I,: : ::1~~11~~~11~ m a1 Ge J1[ 20 u [ u t j 9 1~ 
Bopo •t<ol 651n I For n"' -.- th 00]1.,l" b'• hoot,, 0 to i! 10 .. b n,okng ol rorn ,2 lb 100 , 

1\B~vf:'\.-.m-1 mm No it ln 23 1b andMlb-ro,I, eo,r 
\V1n, barb,,d Jn2:;;::: ( IOOyd,)od ~lb (50y l, ) 
" '"' F r,neh Onooo,l-]6 yds. ln b"'1d1Nol5eo1l, 

Stapl.,,nbo, .. eo, t,,,mng300 
H•bl,t.,,e not trng 13ft w,de mrollo oont.:o,mngWyd, R oll 
X P M (expond«l motal) :;J~::.6!l ~";~~gby3ft w,d, In a,.,1 



T ABLE 13.-Bol/8. Mf}6, Mi/8 ana apiku. 

I ABLE J<l. - lfaler wpply 6/oTU. 

n .... ,o,nVM ... . .• 
H""'. Jdi,.,y,o•nv ... Zf-;n. 

Hooe, JoHvery,2f.in. 

ll'inJla,.,,..woll,bgM 



0-,,iplion. I ""• ;.,u,d 

p;pe. wronghiit<>n, pln niwd ... 1?nt:".i6ci!:.,;';t~~-lf. ! ond f Inc),,. Ft.run. 

Berni, . <ll>ow•. liN, connoctoffl. Forp;pooof,i'"•"•bove . 

~~~r.7;!1~;.:~t:::: 
Valve.o~ir.oh1ioeorr<llo,c For6, M d3 n ppe, 

~ \!t~;:~.:;;·rollcx··· .,. i~~l1J\\~;r~df,n pi~ 

Pipe -cu;t_~ pi pe Tice.a, pipe For .,.,,. of pipe N abo~ 

TM!Llll 15.- Dem,;,liti-011- &orel. 

Gnn-cotlon, ,.-ot, .:t~bo,fi•IJ,JJ.,., 

Dynamite ,. , 
Bl .. \ingg<Utmo . 

o.blo,<lectric.F.1,Mad, ll 

C•f"'.coppe,,bl.,.ollng. (Comm«, 
ci.Jcapo) 

Detonoto .. No.8.~farkl'TJ 

~'?i""lo",ekotrio,Ko. 13,ld:>:rl, 

lhpl<>dm, d;•MrM, 
qu•ntily,Mar~ V 

Fuze, ,.tc\y,Ko. l l 

I~-



lloxe,,t«tingaOO.jointing.fill<d Tin bo% in lu tbe, w,·,.q "'"' H 

!~~-:bik%~~·~i:.:~:.~:1.~1:-

F~r ~~(;,,,;...,,_ coil. (100 

l•~Q~)ond" I " d• t...eVlr 
l ooll, oloc\do, dry."F." ,.. .. . 
2.,..r,,ofiri,lio-pl•tinumwitt . 
lob>.mol,i lo•th-r ... 
l bo%ofplalopoll11er 

FrF.E}iJt~1:;~i;:~::n ::· 
4oylinclorovlin•!i~mbi>nt.l" . 
flb. ofootl(ln,.•.,.., ... 

APPE:,.n1x V. 

TA01,-.:s OIYIN(l RTRXS8E~ n<, AND B!ZES OP ROPE.3, SPillS, SOANTl,UO, 

GIRDl'1<8 A.lW IU...lU! POR US& IN SIMPl,E FIELD STJllHJTURl'S. 

1.--Stresi,e,; indcrricks, she,e!'ll&ndgyn•. 

2.-SiZ<!II of er,us .. nd hmdkl, for derrick•, &o. 

4.-l'owcr require,,:,\ on f&ll a of tackle. in tons. 

5.~ 'lizt>i of roa<l-bearera a,ml hea= for light bridgoo, dug-outs, &c. 

6.--Safo nett distributed Joo.ds in lbs. which c&n be supported hy 
gi rden, or rails over different spana. 



TADUI l.-Stn.,,se., in <lunch, ahe,r1 a>ld Y!J'M• 
(Streeaes are stated in terms of the weight to be li(t-ed. Allowanoe 

ha,i been m..de for the weight of t<ickle, &e.) 

l!J>&c •.. •·· 
Runningguya . 
Othorguya 

SP"<witl, le&Jing blook 
Other op0H 

~J.~I:;oadin11 0b~oek ::: 

Uaokauy ... 

·6 W Upri8hl 1(1M 

ii~~ing~~ · ·• 
Co11I>OOlingUekle 

'"" 

,w 
. .. ·7W 
.. l·3W 

2·0W 
I ·~ W 

... l •0W 
1·1 W 
1·6\V 

Jn the ca.ae of t he owinp;ing derrick, the length of the uprigl,t apo.r 
and t!ie swinging arm are aaaumcd to be a.l>out equal. Any altera.tion 
in theae proportions will a/feet them. The sir.e of spo.t"II and guy3 can 
be found from '£abloo 2 <>nd 3. 

Thi• tablt g-ivu 1M •=·mum ~r.n•&a whieh are lih/y I<> ou~r i» 
pradia . for the ordinary co>ldiJion., under which /Ml/I! ~M,i,,a <IN 
uaod. fo special ca.,u tl" strMaea shm,ld b.) worl°W WI graphically. 

TAllLE 2 -Si:a of apar• and W.ulkfor d,;rricl-8 ,/:c 
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T"-11!.E 4. - Power requi,.,/ on/al/$ o/ tad:lu in 1(>"8. 

Si..,ofrope . 

!/.~ !<In 

T· 
I t~n. 

' . . .. .. 
Mau-powerequa.ls a. pull of 56 IQ/I. (l /40 t.o n) pe.r ma.n. Field capstan 

give,; again of a.bout 10 to I 

'l'illr,n 6.-Sizea of ,aad-bwter~ond beom8 for light t,,i;J9e.,, dvg-oa,ts, &c. 

I. Ta.ble ~howing the number of roa.d-beare111 of diffen, nt sea.ntli nga 
required for va.rioU11spana. 

Width of roadway has lx-eu ta.ken u {I foot, and the decki"g 11111.<t 
003 inches thick. 
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Thi• tab~ >$rolculaidfora workinq•lrtM in timhtr of i Ion. ~r~uare 
i m:h, a11,I in. tlttl of 7½ /o,u f)(' 4q1,are im:k, and allow.I for a maximum 
mooi"!IW<ldof2to.um1omaxk. 

2. 'l'ouaetheabove ta.blcforbea,,ufordug-ou troofs,dividel6,000 
lbl!.bytlm numbergiven inthetableforthe_scantlingorp;,leat1;he 
requi red span. The resultglvestheeafedistnbuted!oa.d inlbs. which 
ca.nheN«riedbyooebe,:;m. ThenprocoodasioTa.blc6. Eumple,-

0-inch by 3-inchjoiat.& will safely carry16·~=3,200lb8. per bea.m 

in& roofof7-footspan,6beingthefiguregiven int.het.ablefor9-incb 
Ly3-inchtimberoveraspanof7feet. 

T ABLE 6.- &fe 11dl d,ttribultd /ood6 in. lb,,. wl,;d, <:an/>( • upporld by 
gfrihr&orroildowrdiflerenl•pa"•· 

( lfthelon<lisooneentr,.tedinthemiddleofthegirderorrailonly half 
thcselo...-l saresafc.) 

37.500 
30JJO(I 
25.000 
21.-IOO 
19.900 
16.000 
15.000 
13.500 
12,~0 

11.770 
14~ 

"~ 10.150 
S.S!:10 ,.~ 
,.100 
6.400 ,.~ 

1'he weight.per foot.runisgivenforpurp<.llll"lofcompariaon. Thus. 
the8-inchhyl-inch girderweigbing l8lba. perfooti•themoet suit"-ble 
for roofo of dug-outs , andi8 twice as strong wi a 00-lb. rail weighing 
Wlbs.pcrfoot 

s,.,.,1 roils arc dCll{)ribed by their weight per yard, and may be 
recogni,.edbytheirmclU!ureo,cn ts:-

40-lb.railis3½ inchc,i h jgh . 
60-lb.rnilia 4¼inche11h igh. 
80-lb.rnilisfi inchcs high. 
Otherweighta inproportiun. 

Tofin•ltheweigbtofcartbinll,,i. which is supported by one girder, 
mnltiplytheapaninfeet bythe1list:.o.-,e a1"'rtofthegirdcrsinfeet 
bythedepthofearthinfeethy lOO(a cubicfootofearthweighsroughly 
lOOlbo.). 



To find the suitable •p;,eing for the girdert1 of a roo f. 1'ake the 
.,;·eight ol l loot width o! roo f, and COIDJ)aro with the ta.ble above. 

Thus for the roof illustrated on Plate 1,.3, th~ weight ul one Joct 
width of roof wil1 k 9 (s p,rn ill !Pet) X 8i (depth of roo/ cor ering in 
feet) X 100=i,%01bo;., and if 8-inch by 4-inch g1rde11> ,.,.,.. use,J a 

suita.blo spacing will be 1;fj:· leet, or a.ppro><imaiely 2 feet oontro to 

If 5-inch hy 3-inch girders a re ,uocl ~ will ba th~ ..,,Jo 

~pacing, or a.pproxim,.k,\y 9 mches. 

Al'l'lsND I X VJ. 

T ABL"li:S OP WE!OliTS AND MEASQBQ. 
Ta.hle-

1.- Lln~a.rmeaaure. 
2.-SquaremeMure. 
3.-Cullo measure. 
4.-Liquiclrue8'!ure. 
ii. - :Measuresof weights. 
6.- Area.1111dcontentilofcerto.infigurea . 



T,i.BLI! 2.-Squact .,.,_,.,~. 

T AJI L"- 3.--C..Ucmeas11re. 

l ,728cubfoinch..., - lcubiofoot. 
27cubiofoot - lcubicyard 

l ,;ubicmetre - 35·3156cubicfoot. 
Tote(\uoeoubicfoott.ocubicmetree,multiplyby ·028. 

J cubicfootolfreahwat.erweighs l.000ol.'l. , o r62½ lhi. 
1 cubicfootol firweigllil40 1Lo.. approximately. 
I cub iclootofoakweighs59!hs.approximat,,ly. 
l cub iclootof beech weighs 43lb•.approxima.My. 
l cublofootofea.rthweighs80t.ol00lbs.approximately. 
I cubio foot of brickwork or concrel<l weigh• 120 !be. Rppro~imately. 



lGdracfon> 
P-0und 
Stone . 

T .AIILIC 5,-Mea.,11r .. o/w,i9h1$, 

(Avoinlupois weight.) 

Qoarter ..... 

fi::rhlw~·i·ght 

11:ilogr•m ... 

T,!,BL& 6. - Ar'<I~ and con/en ta o/ urlai" fiyure,_ 

radius(r) = l-ofdiameter(d). ''ll 

c'rcum' rence - 2,,-r = ,,-d. ,,- "" 3·14159 or-7 nc,.rly, 

area - .,.r•. 
a.rea. - ½ bMc X perf)"ndicular from a.pex to base. 
of height h - cout,,nt - wr•h. 
of height h - oontent ~ \ ,,-r•h. r = ,-,.c\ius of lui,.<;e. 
of height Ii - content= jh X are0,of haso. 



INDEX. 

AhlltiB, wire entanglements, deatruction of 
Ablution benches,provisionof 
Aeoommodation-

Additiona.l, in dcfcnded loe11.litiea 
D<,fcnoopoats ,,, •.. ... • .. 

f~\~·i::: ::,:c:!r, req~i-rements •• 

Protecte<:l,materialafor . 
Sa.nitaryMn<litionse.,,,,ntia! ... . . . 
Shell-proof,orderforoon•tmctionof 
Tunnelled dug-outs, requirernonta in .. 

Aeri>ll bomhl!, protec tion against ... 
Aorc11,Janeatt.ack,protectionlrom .. 
Ae roplane photogravhs---

B\aatmark&, ellect of .. . ... 
Clues, new work recogniwd by 
Colour effect of .. . ... . .. 
Regularity of objects, pointa on 

AirfilkI11, uacofin ga.11dcfenoo 
.. photo,,,roadingof 

Ammonal-
Characteristicsandw,eof 
ChArge•,calculationol ... ... . . 

,, mined.fora defrnitecr-ater .. 
I""ue of ... 

Ammun"t"on
AdiUery,ahell•proofpt0teot ion for 

,. shelter9 for ... . .. 
,. t,ren~b for st,orn.ge of 

Pro!,ection for, degro,•of 
Re~• for l8,pdr . .. . 

,. in fire trenches ,,. • .. 
St<,rage a,,c,ommodation in defenoe po•t• 

,, of ...... 
Anchoni forbrfoadea. o],win" 

,,. 58 
149,1 51 
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Angle, equal to~ given angle, how to lay out 
,. howtob,sect. .. . .. 
. , right,, how to layout... . 
,, l)0°or 120°, how to lay off ... . .. 

Angle11ofalope. <convernionintofraclion, ... 
,. ""ttingoff, method ... 

;\ni, nala, dead, disposal of • 
. 4.ppl'<la<:he ....... 

Bridge, demolition by mined charges 
Bridges,imporlVJ1oe of ... . .. 
CrOMings, gap , r~gu lation of t-raftic 
lforda,prero,,·,.tionof. 

Artillory-
Ammunition,ahe!U,rsfor 
Bridgea, ligbt 
Claasifica.tionof ... . .. 
Commandpoot,oiting of 
Guno,ch1U"aCtcrll!ticaof.., . . . 
Howi¼cra,characte,isticaof . 
l<'ieM defenccsfor ... . .. 
Firo, attraction byvillag,,s for 
Mortara,cl,aractcrist ic•of ... . .. 
Personnel, •heltcrs, ;nstructionefor . 
Poaitione, or<it'1·ine<mstrnction of 
Protection for, dt'g,..-esof 

Attaci, t a.nk. defence against 

" '"' 2 , 

" 22 
•. 22 

76 el~~ 

22 

" " ]51 

" 
Banga.lore torp°"'fo, <le.cription of... ... 192 

,, ,, oseagaiJIBtobstac!es.. 58 
.&nkoe,,.torohoretran&em,useof.. 131 
Barrica.dCII, w,oof ... ... 57 
'Battery, camouflage of, rndb<~I~ . !l7 
Battlepooition-

Approximate, marking of, on map 82 
Commuoica.tion trenches in the ... 85 
RnginC<'ni employed on field works for ltJ3 
Organ ization of... .. . 83 
l'ropoaed,ma.rkingofbyf!ag•. 82 

Baulk holdfa.st,, deooription of 117 
flead,ss. shingle, defenceof . .. ~I 
Beams and ro.a.<1 -bearers, siz.c~ of . 22n 
Billet,._. 

Uunkain buildings ... H5 
La.t,rines, provision of . 151 
Preparation of .. .. . 1~5 
Wate r,dailyallowanccof 146 
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BiVOIIMII-
Qow,tructionof ,.. ... ••. •. JH 
Dii,comlorts due to rain and draught• 144 
Latrines, provimon of ... . . 150 
Protection from shell and bomb aplint;:,n, 145 
Rain wat.,,, disposal of in ... 144 
Siting of.fact-0rsdc«'rmi11iug .. 141 
W11ter.do.ily11llowanooin ... 146 

BIMtmnrkl!,ueeofc11mouflage!o1 97 
Blockhousea,defonoeof 73 

B1 ock/!.l,(lckle-
.lAahingtoaspa.r 115 
MoUJlingtl,.,h<)()kof ... 115 
Snatch, usenl 120. 121 
U9e of .. .. ... 120 

Boards, notice,forbridgee . 132 
,, for fords ... . J.12 

lorinter,communfoation S8 
., ., lormarkingtra.cka. 162 

Boo.to.ndbridgingstor<.'8 ... ... ... 216 
,, extemporized, from biYoua.c sheet . 14 I 
.. buoyancy of, dctonuining J.13 

.B-O!ts, 1>nrticulara of... ... 2lS 
Bombs, aerial, prol<ection from ... . .. 26 
Box re~p imtor, remove bcfvro uaing~ompo.ss •. • l l I 
.Brea.st,.·orh,"""""dcorist,ructionof .. . 63. 64 
Bridge end~, floa.ting piera.. prcca.utioM 137 

tra.,-e,..,..n.s,•, of 67 

Bridge11-
Approaches to, importance of,. 129 
C.:lassifico.tionof ... ... ... •.. ... 126 
Completion of, dut.v of officer in ,:,h&rge of construction, on 132 
Demolition of, methods of ... . 193 el u q. 
F..etcnings for bridge work. various 132 
Fixed piers, height of, method of fiiing 130 
Flying •.. ... ... 140 
O,,.ugea, nooof in &wet gap ... ... ... 133 
Light. road,hearera 11-nd he11-m~, particulnrs of ... 223 

., infantry lootbridgee 133 el 8eq 

., t-ypesof ... . . ... 127 
Loo~-li t_vof,fact-Oragovemingsiting.. 127. J:?8 
M.11-iniennnce pMtyforupk~pof 132 
i\fatel'ialaand aooof. for 127 
Military. tra.ffioconholsfor ... 128 
Notiooboardafor.prm•i,ionol 132 
Po.rta of, general description . 130 duq. 
Piers,ue P . 



'" 
Bridgea- c,mld. 

Roa<l,neoesaityfor ........ . 
Safety and protecti, carnmgen1e11Ulfor 
Site, aelection of thcCI&et .. , 
Type of, factoNI dekrmining . 
1'ypcoof . .. . .. ... . .. 
Wooden, demolition ol by burning 

Bridges light,fu:e,dpiers: 
Disadva.nt a,gos of . ,. 
Crib p iers, propa.ration of 
Ma.terialsfor ma.king .. . . .. 
Scouring, cau1J011nd action against 
Tre11tlca, wnious typc3 of 

Bridg,i@-light, float ingpiem-
Ancho"', ~tionof 
Boat piers, us,, of ... 
Buoy&ncy, calculatioru, for 
Cask piers, construction of 
Conatruclionof ... . .. . . . 
Cr088.ing st,..,a.n,s. the beat method 
L-Ogpic"', c011structio11 and ui,eof 
l'la.eingof, mctlu,lofo ,. t,he ... . .• 
Precaut ions ne"""""'ry with bi·idge end• 
Tr&ffio rivar, pa.ssage of 

Bridge• light, Bingle span-
Artillery, deMription of .. , 
Cantilc,·ersndouspensi,m,IW!of 
Th,aoriptionof ... ... ... . .. 

Brushwood a.11 an obstada in the dcfenc.. . 
,. revetment" ... 
., rulefortraTI•Jl<lrtfor 
., cutting a.nd ,.,,,,of 

lluilding,,,demolitionol ... 
:Bullet, rille. slope of dc,.,cnt • 

., pointed.riftc.pcnctmtionol 
Bulleto,machi11eguu,p,-11..-trat,io11of 

J3uoyo.ncy
Actua\,wdmet h0<loffinding ... 
Boat,, availa.bk, how determined •. 
l'loa.tin g bridge. calcuhtioru,foro light 
\{afta,calculat ionofor . . . , .. 
Safe, met.hod of det,,nnining . 

,, ol clOl!edve"""l" . 
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202 

C..l,lc, burying of ••• ••• •.• ... SS 
Cables, [naula.te,I. forfir[ngchatg'-"' 183, 184 
Ca.mber,a.llo..,,.no,,forinheightofpicr .. 130 

in rood n,aking 166, 169 
useolinbridgt>S 131 

Camm,flage--
Area,mct.hodfor1'ffoctive •.. ... 98 
Artillerypooitionaduringwns1tn,ction 77 
Ba.ttery, <l"""'ing and spa.cing 97 
Blaatroarks,meth°"81or 97 
Camp,, mclhod of ... 100 

~~:?t1:.l:rn•a.'.l.":"ting 93el~~,j 

Durnpi!,lorward ... 99 
Heavy guns, method of ..• OS 
lnflarnma.bility of, p=ution• . . 98 
Machinegunempla<:ementa .,. fl9. 100 
Mat.eria)s and their employment !)j, 214 

Miningwork ... ... ... 99 
Obaervationpo,ts,methodsof 98 
Principles of ... 93 
Scrc,enij, useof ... ... 13. 101 
Shadows.disg 1J ising ol .. !l(j 

Snow,co11siderations 99 
Spoil fro,., dug-out& ... ... ... 99 
Summer lo winter period t-0 be wi,.tchcd IO'.! 
Ta.nko, method of ... JOO 
Tracko,cfuciplin1'~ar<ling o.:; 
Trenches. work on limited !l9 
Work. important facto"' iu 93 

Campa-
Camouflageof ... ... ... . .. 
Defence of, against an uncivili,,ed enemy 
Ground, foul. marking of ... . .. 
La.rgc. ~plin\.er•proof protection for • 
Latrines, prodsion of ... . .. 
Rcfose, coll""lioll,i,llddiapoealof 

~{~~eg,.ot{;t:i~::.:~::~;1ing . 
Cantilevechridgcs ... 
Canvaa """ wire netting in 1-0,•Hmeuh 

., howsupplied 
., "'"'"""'· use of 

Cansewayfortariks. 

,oo 

'" 151 
155 
100 

'"' ,., 
'" 134 

" •.. 213 
WI. J(J2, J:l~. I'>! ,,. 



Causewa.ysfor roadcroosiugs ... 
Cha mb<,ra. dug-outs, construction of 

Characteristics of-
Ammonal. .. . .. 
Cordeau dctonant 
l)ynamite 
Euth ..... . 
FuJminateof ,uerc u,-y . 
Gun-cotwn,dry 

s:m1• 
llowit,ers 
,\lorta1>1 ..... . 
Stnn611 nnd C"-!lh 

Chargee,demolit.ion
Am rnonal ,111aking npof 
Ca!cula!ionafor ... .. . ... ... . .. 
Connecting up prime,·. d~tonator and fuze . 
Deinolitionaunderwater 
Dynamite , fr,: ing of ... 
Fai luroof,commoncall""" ... 
Locationofinbuil<lingfordcmolition .• 
.Making up and fixi11g. irnpvrtant points in . 

., p~rt•auJhns ... . . . 
Mobil e, use and making up of 
Stockades, calculation for 
Ta,mpingof 

Chari;e11foingof
.-\lternativemethod.s 
Ammonal... . .. ... ... ... . .. 
F,Jectric&l,choioonfmethod, pointoin tho . 
Electrically, :','.',~:':ing u p 

Gun-•~ott.on ... 
Jnau!atedcablcsfor 
;\liasfiros,ca11""8foc 
Testin g firin gcircuita . 

Charges , mined-
CalcuJation ol to µreduce definit e crat ers 
Cordeau det-onnnt,llscvfin firing 
J'iringofclectrica\ly ... 
L&yingof,cnn•idtrations 
l'riming,treatmentof .. 
'r&mpingofcsscntial •.• 

Clilh, chRlk or roc,k, dtfence of 
., cl&y,defenceof 
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<Joa3tdefence,,,ficld-
Bombardmcnt, nav&I, effect of on 
C<wit line. ~._ification of 
0WaclC8for,proviaionof ... 
IV>ild blooking poet,,, provision of 
Sitingof ... 
Syste,u of, 

C<Jmmun·cat ·ons
Croils•oountry tracks 
Roads, se, " R.'' 
Signal, huryingofcah!e 

~'oods:j;,..'..,.;sion!iin ... ... ... ... . .. 
C<Jmpa,lS, remove helmet and box resph-at-Or before UM •.• 

Oonoealmenl-
Artillery pooitioru,, during work on 
Battery po.aition by 8<":reeni, 
C,,.,noutla.ge,nscof •.. 
Defenooposta,necessityfor ... 
F ir<, trenches, vital importance of 
OMtac\e,, ... ... ... . .. . .. 
Mach ine gunpooitionstluringconsi,ruct.ion .. 

,, guns, Lo llemostcompfote ... 
Shell holes, rules and points for 
Soi!,disturbanooof ... 
Trench, new, method of • 
Tracb,prcca.utio,111ne,:,eaaary 
Workduringprogre,,,,. 

Congol\dation-
Tttnchre, fire, preparation for 
Outpostzone ... 
Shellhol""a,ndc,.,.ter11.. . .. 

&:::~~;!:~ .'.:~=t~~t::e:~~f ug•o~~ 

O.>Okingarrangernentfl
Gre>l<le t ra;ps. provisionof ... 
luthoficld,asimple method .. 
Ovenan<lcooker,tY}-of 
Rations,storagcof, in,mf.., 
'fronchoofor ... .. .. 
Woe.thefJ)roofcoverforcooka, .......• 

~:~~,.,.t~o~-~i~~ fll_":"_~~~e guns in siting trenchoe. 
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Con:lcaudclonant-
Charactmjaricaof ... 
Detonating, methods of 
Fixingof,pnx,autioru, ... .. . 
Gun-cotton primer to be used .. . 
Uaesfor ... 

Co,,.ugatediton, 

Cover-
Art.ilkry posit iorui, order of imporbnce 
Existing,11oeof ... ... ... 
Guns, "'ntk,inc,aft, provision of 
Head,provi•ionolh&<ty ... 
Overhead,notforli..,t..,,iehes ... 
Searohlighta,&nti-a.irc.,.ft.,J)roviaiooof 
Shell-proof for a.rtill~ry arnrnunition •. 

,. rnedium,de.oor-iptionof 
Srnoke, nseof ... ... .. 
SjJlintcr,proof, description of ... .. . 
Thickness of, forshcll -proofprotrotion 

Crotcra,defenceof ... ... 
,. on road~. trea,tment of ... 

Crof"I, treatment of, in the defence 

Cross•cc,untrytraok.s-
L(rnterilll , \liie of at junctiona a.nd pointa 
Ma.rking of,methoda ... 
Necessity for prov ision of ... 
l'&ekanimals, oonstrnctfono! 
Roads, n-oAAing of. preparation for ... 
'l'ra.ckwardens,formaint..nsnooof . 
Tr-a,:kiiformen,ooruitructionof 
'fmnaport-,horl!ro, con.,,trnction of 
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Erectionof,without,.uthority 
G11,pa,concee.lmentof •. 

,. m&rkingof . .. ... ... ... . .. 
Haaty, •tora.geof for defence of a clay cliff ooaat line 
HOOgee,in tbedefence .. 
Illuminationof .. 
lnunda.tions,us,,ol ........ . 

~:e:\:,~:!:~t.:i:r:.~CSC1'i0~iOll ::• 
Nature of... ... ... . 
Pa&ia.gcof,throughwire, &c.... ... . .. 
Porta.ble,foruae indefenceof a shingle beach 
Protootionof ... ... ... 
Proteoti,·e,sitingand """"' . 
Spidcrwire,deecri1>tion ... 
Standard French wire, ra.pidity of 
Sunken, ,·alueof ... 
'l.'actical, aitingand u>1eol 
Tank,nat.ureof ... 
Tree entanglement ... 
Wlre,clloot,ofmimgeon 

., drilllormaking. 
,, ma.nloada . ... .•. ... 

•. ~:;,::~~ ~~~~~kb;·n~11f:1r.ni;y at~~b 
,, vioibility fromth eafr 

Wood•, connmsion of into 
., uaeof, in defence 

z,me,pasaa.gofor&rtillccy 
., we1tlrt11tpointin .. 
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Officerinchnrgcof-
Bridgc constrnclion, ?~t_y of •. 
'fumwaye, rffiponsib1ht,es of ••• 
1''ield works, responsibilities of 
\Vorkiog party, rc8pon8ibilitite of .. . 

Officer orderin,; n working pa.rt,y, duty of ..• 
Office~to•tudytYJ)C'8of,lefenct'II ... 
0.-cha,·,la, ou'·woods." 

Outpo11. -,.,t-
Con11"""'"t.t" on l1•n1hH ·n 
Con...,lidt.tion of 
EJ<t .. tol.. ... . .. 
O,sani•t ion .. a 1iti .. ♦/ 

o,·uhauli•1•t11ld1 ... . .. 
0,·1rh-11onr •o• for f,.. tr1n1h .. 

Parti•,tcui•J 
. , lY()rkinJ .........•. 

P- i•f plae- i•_•o••u■i1atio1 i1•n1k• 
., e• 1a .o;lo••t.y road1 .. 

" poinl.& o• tra.m••t.y u-.okl. 
P1,,.h.tion ol mt.0 k i ■ 1 c•n. bull•t• 

,, of• 1•,inttd ritt b11 1ltl 
Ptri-,oi- , •11 ol in nrion el>j•to 
P•q111ulin l1r,howtot.-1 
Pkotopplio, •1mplan1, - " A.·• 

air,,-di•tol .. 

Pi••• bridJ._ 
_,. 
C..a 
Crilo .... 
T.-tl• . .. ... 

Pi1k1.n.-••d .. 1tl1oot . 
l'iohu, ••of•• koldtaoto .. 

., ,. u•onr.nt•••t• ... ... 
Plulormo, I '"'• d1t"il t of tlot vtriout r11.t11r• of .. 

., ., p•r• i1uh,,..of 
l'l1nkin1, fo1·,..1 ,in ,·1nt••nt& 

Po iit iom,-
Ar tillery , onl~r in co11structior, of ... 
&tl1'ry, concealment of b~· ~=n~ • 
Captured,lire t nonchesfot .. . .. 
[)eforuivo,preparationolth~forcy:round 
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Positions-----~rn,/d, 
Dummy gun, clue:s of Rcti.e battery in 
l"irc, dnina.geof ... .. . 

., narnreof protection for .. 
Forward •lope, de,w,·iption .. , ... 
M.a.chinegun, rospollilibility for a,iting 
Reverse sloP", description 

,. ·n ... lcrs .. :npoli .. nce ... 

Roa.d blocking in lield coast defencei! 
Snipe,.,.' . aitini:; and construction of . 

P rimer.-
Connecting up forfiritog , 
Mined chorge;,. 1. realrn ~nt o f .. . 
Teat ingof before use, p,eca.ution• 
U!!eof ... ... . .. 
Gun.ootton, dry. ;,.,,ucof 

Proit>etio11-
Aeropl,mea,tts.ek ... ... ... 
Bi.,ouaes, fron, shell and bomb "plintNs 
O,.rnouflage.againstfirc 
Co,nmunication trenches ... . .. 
Efficient,forallworh,foroccupation 
Gas, in dug-outs . .. 
Hutmenla!,8pl inter,proof ... ... 
Machine gun•, to be most complete . 
Ob$tade8toha,c .. 

Shell-proof for :,~..:~:;1ion , , 

,. thickneooofcow,r 
Shelten, and du~•out« .. . 
Splinter.proof, d"""riplion of ... 
'l'rcuch.,.,concealmcnt\.hc beiit, 

nMuresof 
Working parties, precaul-ions nooe>).!.ary 

Protoolh'eobstM\ffi ... ... 
Pumps,supplyof, fordr:,i n,,.ge 
Purifying wo.ter, method! of 
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Raft11-
Buoya.noyof,calcula.tion• for.. 143 
Ikok •paoe, oatimating for 140 
Del!loriptiollllof. genera.I ... 139 
Extemporiud, for 18-pdr. gu n !4 1 
Ferrioo . perrn&nent,uJ1eas 140 
JAn<l ingstageo for ... ... . .. 140 
l .oadi!,ta.bleof, dueto light artillery.&:c. 143 

Raila,safe!oadsover •p&ns ~24 
R&i!wa,y,,___. 

0.-molition of, method. ... ... 1% , 196 
ObstMl<lll on, crakrs by mined charg.., 189 

Range marks, to be provided ... 40 
Rear 6yf!tema, use llnd organiZlltioru, of 86 
RooouniM~anoo-

&ttle posit ion, marking of by fla.gs . 82 
Defensive system, oonductof ... ... .•• . 82 

,. ,. r-ooponsibilityforoo-ordina,tionof 82 
Demolitions, importance of, for 187 
J<leldworks,moditications ... 10-I 
Preliminary, defensive system 34 

.. for tracing tr~m~hes Ill 
Sitingofddcndcdlocalitioa ... 82 
Tramways, ape<:ia l points for. . 173 

Ree,·ingal-3/)k] e .. . 120 
R~fusc. camp. dispo,.,,l of ... 151 
Rfflerve in,nch"" · de«ign of.. 63 
Rever11ealopcpositiollll 36 
R.evetment--

'I'NJnches. co11s>dcrntiollllon 09 
1.'ype, selootion of 69 

Revetments--
Brushwood. preP3111.lfo11 anti use in . ii 
Corrugated iron . noein 71 
E,q,anded metal. """ in 71 
Gahions,u.,._,of i11 ... 72 
Ma.chine gun e rnplacemcnts 43 
P icketa.use ofin 70 
Pla.nking, foreet . use in 7! 
Revetting founcs , use of in ... 70 
Sandbag,, . J"''J"rntionand use in 72 
&xh,const ruotion of i2 
T;;·pe,i of ... .. . ... . 70 
Wire netting and canv"-", U8'iell8 in 71 

Revettingof comr11 unicntiontreneh,.. 62 
Riban<laorwhceJ.guidee,u-'l<lof 131 



Rides,provisionolinw<>O<h 
Riflefire,muimumrange .. . 
Right angle, how to lay out ... • •. 
River traffic, passage through !looting hridgeii 
Rivers, muddy, sh11Uow, crossing on mats ..• 
Road-bearers and bea,ns, s iz.ro of ... . .. 
Road blockiug po~ts, in lid<l C(>fl.!ft defenOffl 

,. bridges,., .. . 
,, g"J)ll,prot.ect ionof 

screens, •ilingof ... ... 
boarors,n!\ture and layingof -,-Bridge«, naturo and width of .. 

C,.useways, lll!e of ... ... 
C-On.truotion, general principles 

~{etA!led-
Camberin, parlicularsuf ... 
C-Omtruction,operationeof 
Craters, filling in of 
Drainage of 
l\-laintenanee of ... ... 
Piw,ing plaoc,ion si11gleway 
Ruts,rcpairof ... ... 
'L'hawpw::aut.iona, lor trallic .. . 
Width of aingle and double way .. . 

Obst.aolts in , cratcra by minodcharge,i 

Slab,al~p€rorcorduroy-
Width of single and double way ... 
Turnini,: plaoeB, proviaion of 
Conatrudion of, methods ... 
Drainage of . ... 
Converting into metalled .. 
Naturesof ... ... . 
Mstcriala,deacri.,tionof 

Sunk, special points on . 
Trach, ol'OllSing, preparation !or 
'framwsycroesings,con.structi<>nol . 

Roofs of shelters snd dug -out. 

llo~ 
Cam of whe-11 ""ing .. . ... ... 

r.~:E?i1I1! Ji.·Ei~~:ge ~:~,k : .. 
Sei,ing ........ . 
Sfaeof. howmea"u,...,! .. 
Whipping 
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Rop,,-wwd. 
Wire,tahlcoflengthaan,!weighta 217 
Workingat ress of ... I HI 

RoJl"8, drag , G.S,, del!<lription of ,.. . ... .. . 115 
Ru/Illian ,ia,ps, ~•<m'<'er&ion to oommunicat,on trenches 65 

., ,. na.lul'eand u"8of 64 

Saoka,capo.ci t.y s.ndnw of .. , .. , 30,3 1 
Safe;i, for•torage of ration• .. . I/;() 
&ndba.gs, dimension• and use of . 30 

., ·ure'l'ctmcnta 02 
Sand hills, dcfcnooof 91 
Sangars,coru,tructionof 29 

,. dcfonccof .. . .. . .. . ... ; 3 
Sanitation. hearing on effic iency of force . . 144 
Sapping,cxplanation oftcrm ... 64 
&pa,Rus,,ia,.,naturean,luseof. 64 

.. ,dringof , .. .. . . .. 64 
&»uring,eauseand ac(ion aga inat 136 
Sc=ning, air<1an<lrnethodsof JOO s.--Artific ia.l ,d""criptionof ... ,.. 100 

C&moufl a,ged , P"epara\.ion and u.ee of IO I 
llla.sh, uae of a t n ight ... .. . ... , , JO~ 
Hnndrails on bridg._.. for horse traffi c, aupply of 132 
l.11-trinc, provision of .. . ... ... . . . 151 
/tfonufact urc. ci=tion and maintrnauoo of . JO~ 
Na,tural.preµamtionof... IOI 
P la,in. use and ~ffe<:tof... 101 
Road, ~iting of ... ... 102 

&,arehlight•,a.nLi-a ircraft,co,wfor i{l 

Sect-Ors, si tingoftrench<of! atjunct io n$ 34 
Se i•.ingnrope J\ 5 
Selvngeeo.. usc of 116 

Sheen,~ 
Descri !)t ion and use of . .. 1~3 
Design of,fo.ct-or,, govcrning 125 
l'owe r req"i""l ... .•. ;?2:J 
Sp&1~, size of lo J,e ·used 221 
St mi.ses, e~a.mpleof 125, 126 

., in lifting '.!Zl 
Ta.ck l('llfor 222 

Sbdl-holea-
Concealm~nt of from ground obs~r,·ers 74 
Consolida!ionanddefenoeof . i4 



Shell-holea-e,;ntJ. 
Converaion of into a defeneive poeition 
Defen=, temporary nature of 
Drainage of .•. ... ... . .. 
Watcrin,ne,·ert<>bc11,;e,.lfordrinking . .. 

Shell-proofaooommoda.ti<>nnrderofoonstruotion 
., medium,co,·er . 
,, protoot.ion . .. 

Shel l8, cl11Mification &nd uso of 

Shelters, protective--
Ammunition, artillery. . . ... 
O:,"atruct ion, essential pointa in 

., general instructions 
Curved corrugated iron ..• . .. 
K~rth on one support, to find weight of 
Elephant, large and small ..• 
Girden,and ra.ilsin,..,feloadsfor 
.Matcrialsfor, listof ... ..... . 
Personnel,artillcry,instruction•for .. 
Provision of ... . . . 
Roofs of, instructions for ... 
Shell -proof, rnedium,coverfor 
Splinter-proolcov,,r!or... ... . .• 
TimherjoistsandpolMin,sa.feloa.dafor 
1'rollghingplatoo 
Type.,,ol ... . .. 

Shovel, use and method 
Sighting of rifles 
Single derrick 
Sitingoftrenche,s ........... . 
Slings, varioUJI, d~g,mtion and •l rength of 
Slit trenche11, d1"'Cnption and uae of 
Slopes, angle11,convcrsion intofractinns .. 

,. d1"'Cribed by fraction• ... 
,, .,.,,th, a.fieotofweatheron 
,. gauging 
,. wttinl(off ... • .• 

Smoke,pro<luctiona.11'1 ,111eof 
Sl)atchblock.11,nseof... .. . •.. 
Snipers' post•. aitingandconatruction of 
Snowcamouilagc,considere;!lons . 
Sods,cuttingof 

,, use of ... 
Spar, carrying of •.• . . . 

, . how lo lash a hloek to._ 
Spa.n1, fishiogof,howto 

., howtolash ••• 
Splinter-proof cover . . 

" ,. ,. 
J4ti 

"" . .. 155 
15&,toeq. 
... 2.'l-25 

n 
Ii)~ 
If,:) 
102 

'" 152 
JM.224 

2U 
jj 

'" '" Ii;/; 

"' '" 152 
]f,2 

27 
20 

!22 
•.• 34-40 

HO 
63 

" " 29 

" 32 
... 2.~ 
120.121 

'" .. 
20 
20 

122 
]].~ 

Jl!i 

'" 1~4 



Stables. ait ing a.rid building of 
St&ge11, landing,forralt11 
Stoeka<'lei, defence of 

,. de molition of ,, , 
Sto nes, use of in d efence works 
Stores, bri<l;,-ingnnd boa.t , 

,, dist r ibut ion of. m ethod 
., load ~ fo,,__ 

O.S, ,rngons ,,, 
Lor·ry, 3,ton , 
Man ,,, ,, . 

Stor"",miaceHanoous ,,, 
,, issuooffor h utm~nb ,, 

Streams. h<-at mcth0<l for crossing ,, 
•• fordable. necessity for b rid::,ing 

Sump•, oonaidcratiolll!in provision of 
,. UOOCS8 ityfor ,,, 

Sunk roads, apt,,, i"l po int~ on 
Snpport trench,,a,d.,.ignof,, 
S,iapension b ridges 
S"'· inging <le rrick ,,, ,,, 
SwiWhes, u,ie of in trenc h ayet ema ,, 

To,ck!e11-
CLoek,&•block , length when 
Definitiolll!usedwith 
Moeh&nicnlpowcrof 
N!\mes ofpartaof 
Ovcrh!\ulof,mcthod ,, 
Precaution,, bcforeu!!<\ 

,. during use 
Ree,•ing ol, rnethO<l 
Whip, d-,riptionol 

Ta,:,t icalobotac les ,,, ,, 
T1Lmping of charges, points,,, 
T&nkn.ttlLck, defence against 

., obl!tacl<:-<!,natun,of ,,, ,,, 
'I'Mks, nsaffecl,ingdesignof works 

c&mou" ~eol, 
,, causeway for,,, 

'l'apeformarkingtracks 
1',~[>e• te mplet, use of ... ... 
1'~rms, technic&l, glossary of 
1',,sti11 ~ firing circnita ,,, ,,, 
Thaw pcecautiona for road traffic , 
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Timber, detail of supply ..• . .. 
,. ec<.>nomy in use of in dug-outs 
,. ]M>ll!s,demolitionof 
,, use of ... . .. 

Tool dumps, in position warlarc 
Tool.,.._. 

Cutting, description 
., \iatof ..... , ... 

Doma,nda, for working parties 
Distributionof,method 
Entrenching, cleaoriptiun 

,. list of •. . 
Ficldfortifica-tiona, used.in 
MiacclJa..,00118 ... . .. 
Pick-uc, mclhodofusing 
Shovel, method of using ... 
Training in ll80 of, n~ty for 

Town front/I on OOAAt lino, de!enoe of 
Tn.ce,dofinitionof. 

Tnwin,:-
Tcmplct,ts,pe,nseof •.. 
Piu1ie,i, organiza-tionof... ... ... .. 
Pffl<ltice in, nOCCBBity for by da-y anJ night ... 
Reconnaie•anoo, preliminary, importanoe of 
Tape,layingof,method 
Trenchoo,instr1,ctio11sfor 

Trackwardens,usoof 
Tracks, Cl'Oi!S·COUntry ... 

,, disciplinerog&ro.ing 
Tt-&fficoontrols-

llridgee, milita.ry 
Croa,,ing11,infantry . .. . .. 

'l'raffic, river, pa--.gothrough Hooting bridges 
Trail-supportforgunpl"-'.form• 
Tmining for night work 

innseof tooill 

Tramway!I--
Coru,truction oftrauk .. • 
Control of rolling atock 
Dffloriptionof tracks 
Draina,geofhacks ... 
J.ocation of lines, point~ in ... . • . . , 
i\fa intenancc, inepwti<lr, of track, points in .. 
Officer in charge, rcsponsihiliticsof ... 
Operating forward ""ctioJU<, •ys(em of 
Passing point,,, provision of 
Purpoeeof 
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Tramways-------Mnld. 
Jk-co11nai"""1lce!orandatakingoutthe line ... 
Re.ad erosainga, oonatruclionof 
Ru lesforcilicicntworkingof .. 
Types of... ... ... ... ... . .. 
Working parties, di~ril>ution and wo,·k of . 

Trnnsom,shoreorhaukaeat, use of 
Tmn<;<Jms, support of 

Tr.,ps, e~pl ooive--
De.<ignol ..... . 
Detention and removal of 
Object of ... . .. 
P:i-cc .. utionsn~ry. 

Tra.pB. grea.se,useof ... 
Tr,wen<e11. l>ridge, u.s,,of ••• •• 

construdion and1,sco{ .. . 
.. incommunioationtrencl1ea 

T1"<'ff!. <lemoli1ionof ... .. 
., iMp,,ction and follin~ of 
., uaeofinthcdcfence .. 

Trench -boardtmck.uaeol ... ... . .. 
Trench-boardsnottobeuS<-<lin gallcri.,, .. 

., u,reol. .. •.. ...... 
T re noh wardens, det>ti l of for draimi.ge system 

Trenchoo-
Arn ri, unition ... 
Camouflagework on ... .•. . .. 
Concealment, ""the be!lt mearu, of p,·otection 

,. ofnow ... 
Defcn;,ive ay&em, ailing of ... 
Design.efficim,cyof,factora . 
Drainage of .. . ... . .. 
Loopholoo. use of hy an iperain 
P rotection. na.tureof 
Reaerre, d ooign of 
Revetmentof ... ... . .. 
Siting,~>oru,i ,lerationaaumma ri zed 
Sli t. description and uaeof ... 

,.goodaplinter-proolprotcctinn 
Support, design of .. , 
Tracing of, instructions for ... . .. 
Tracks . croe• ingof. preps.ration for . 
Wood, sitingof. conaiderations 

m ,ha, , eun11nun·c,.fon-
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'Jrcnohes,comrounication.--.eontJ. 
D<,,iignof ... 
Junctions,8itingcf ... 
Obstacles, mi..king of Mong ... 
Outpost,.onei..nd Mttlcpooitions 
Pitsaing p1"ce<1, pro,·i"ionofin . 
Preparationforueea,;;firetrencbeii 
Revetting of, necessity for ... 
ltusMan "'-ps,com·ert,,dinto . 
Sign•prats for 
Sitingof ..... . 
Splinter-proofs in ... ... ... . .. 
Traffic, allotment c,f to u p and down mutei.. .. 
Tra.vcrsMin,ohi!tructiontomovement 
Wardens,fordra.i11&ge•ystcm,dctailof 

Trenoh.,.,,fire----
Concealment-, vit&l importance of 
Conditions"'8entialfor ... 
Conoolidation of captured position ... 
Co-opemtio11 with machine gune in eil ;ng 
Dcoignof,a,fT<'('1"'1 byminet1 . 

alTe,,t.ed byt.a.nh 
., guidingprincipl"" 

Dig,tingof,rulcsfor ... ... . 
En1iladefiro, provi.sionforin siting 
E'ieldoffire,extcnt of ... • 
:E'orward alopepositiona,•itingof 
Ground.etwlyof, i;,,foreaiting 
Lying d own , construntion of .. 
Mutualaupport,eitingof,for ... .. ... 
Ob$Ers·ationpost tobe sreurefromcapture 
Protection..gainstaeroplanes ...... . Ree-• for &romunition, prepamt1on of 
RoconnaUjlj&noo for~iling ... 
Reversealopepositioru,.8iting,;,I 
Seetors,a.djuatmcntat.juoctione 
Sectionof.ni..meaofparta 
Sitingo!.guidingprincipl"" 
Splinter-proofs in ... 
Tra<,e, forrnain genent.\ Uije 
'l'racingand ma,r\dngof ... 
WoodaandvaJlcya,effcctofga, 

Tr..st]e,i, placing a nti ~e<mring .. . 
Troop,,,, protec tion for. deg,.,,.., of . • 
Tuni, elled dug-011U!, """''D.'' 
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Unciviliredwarfare--
Ca.rn)l'l, defence of in rnount.ainouacountry . . 89 

., ~ in open oountry 89 
Defenaiblopoat, example of ... 00 
Design of dcfm,ces . hints on fron1 enemy 89 

Valley•,trenohooin, cffccto!ga11 . 2/1 
Ventilation ofdu:i-outll 160 

ViUag-
Artillery fire, aHra<Jtion by 87 
Defence or. ocganit.ation 87 
Oa/1,harbourfor... . .. . 87 
Keep, provision in defence of .. 87 
Treneheoin,effectofgu ... 25 

Visibility of wire obat.acll'I! from the air ill 

Water.otorageolin-

" 30 
. 30 

163, 164 

lllockhouaes 7:l 
Ocfcncoposta . .. 8G 
Dcfcndcdloca!itic,i 87 

Wat<ar onpply-
Allowan<ll"S,daily . 14(i 
,\nimals,armngcmont.8fu1· ... 148 
Control of. ,;,, ntrit:<1 and p11trol8fo1· 148 
Direction l.>o&r<.h, ""PJllyof 149 
Diatanoo ofltom c&mp 144 
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COLLAPSIBLE. WIRE NETTING GABION. 
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ACTUAL EXAMPLE SMOWfNS PROTECTlVE ANO TACTICAL WIRE. 
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:STANDARD LOW WIRE-ENTANGLEMENT. STANDARD DOUBLE APRON ENTANGLEMENT. 
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SPICER WIRE ENT~~_GLEMENT 
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METHOD OF FIXING WIRE TO PICKETS. 
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KNIFE RE.ST$ . 
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r ALTERNATIVE TRACE OF TRENCHES. 
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ALTERNATIVE TRAC!: OF TRENCHES. 
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TRACE & SECTION Of COMMUNICATIQN TRENCH. 
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DEFENCE OF ·coMM UNICATION TRENCH 
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SHE.LL SLITS. 
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BRI OGE. TRAVERSE.. 
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LOOPHOLES . 
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SANDBAG REVETMENT. 
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TWO SHELL-HOLES WITH CAMOUFLAGED 
CONNECTION. 
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IMPROVEMENTS TO SHELL-HOLES . 
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TRAIL-SUPPORT SH EWING FIXED 
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PLATFORM FOR 4·5' MOWITZER. 



WOODEN WHEEL-BED AND WHEEL- GUI DES. 
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PLATFORM FOR 6 " HOWITZER. 
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DEFENDED LOCA LI TY AS PART O(A. TRENCH SYSTEM. 



PlaU lJ9, 

DE FENCE OF VILLAGE. 
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SHOW1NG TRACKS LIKELY TO BE MADE LEADING 
TO A H.Qs. AND METHOD OF PLACING WIRE TO 
CONFINE TRAFFIC TO APPR0VEL! ROUTES. 
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TAPE TEMPLET. 
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LASHINGS. 

FIG.2. 
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HOLOFAS T S & ANCH O RAGES, 
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USE OF SPARS . 
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INFANTRY FOOTB RIDGE 
PARTS OF FLOAT FOOTB RIDGE. 
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EI..EIIATION OF PETROL TINS 
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INFANTRY FOOTBRIDGE. 
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FRAMED TRE.STLE. , 
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"";::::::w,==iiis=::'-'[--IJ·=· =- -=~3'·~,:.i/tf;~•Q,, t!dg e 



Plat~IJ.9 

LASHED SPAR TRESTLE. 

O,em,n <>r of' sp,, ,..sgiv<>." ,,r,, s,,,aeb/(') f'or 8 15fooe o,,y t>nd,. 
15 .f'-,,.t h,,,91rt ,;r tr,,:, tle, 

Fo,, c) r'1EF> 8 P~IVS & li-,;,aHrS 

LEDS · R,,dif<."6' ~men far <!Yf!rJ' l'val d,:,cr .-Bs<> ,n h <>1ght wi(;h 6,r,d, 
min,mum With sp8n or 10 l'=t legs ""n b" t "" mah l,ght<>r th8n 
with /5 f'-l .spt,ns 



Pl,lf,e 110. 

LAUNCHING TRESTLES 

f rG-1 

SINGLE BARREL RAFT. 



Pht.t.e 12.1 . 

I , 



BARREL BRIDGES. 

~ -
FORMING BARR EL BRIDGE FOR SWINGING. 

~sd of Bridg~ Pl8cing Ch(Js5es. Pl<1c1f!g Bel)//rs 

!'.!£:.. i 
FORMING BA.RREL RAFTS FOR BRIOGING.1 

R<Jft complete Raft btfgun 

I 

__J 



Plat-,J? .~ 

I· 



PI.au 114. 

BRIDGING EXPEDIEN TS . 
r,.,.l',. ,.,1,-,,, 18><./Sstuf'f'; (f wltl> s traw, &c 



BIVOUAC SHEET BOAT. 

ttcte.~rr,,;~:;w,f,,;~~::=Nr= 
All ';t-;:,,~~':;;.~~k;:{,f,;g~";';.;?{_-,,~d. 

Pl.a/Ll26. 



PORTABLE TARPAULIN HUT. 

•· ---- --- - 1:J'.o" - - ------·-- --·--------



D I S P OSAL O F RAINWA T ER. 

~~-S,d,or<om 

MoOr;wght - F(_yaf"te1>t 

0~1:;;;;·V. . •.. ·"'· '.::/Y-'UO earif ., . . ; , •. , . .. . · Ground /e..,,/ 

Tent peg · . . , 



Pla<e /28. 

SPLINTER-PROOF PROTECTION FOR TENT. 

E• rth W•fl ll!t /u$G2fl-th,<k 
I 

SECTION A-B. 



Purte.128. 

!I 



WATER SUPPLY FROM WATER COURSES 

Fig.l. 8 OR HOLES. 

----ir.· -
~~. L~ 

SECTION THRO' A-B. 





p ia,u J:1:! 

KETTLE TRENCH. 



PldUIJ3. 

C H A M B E R O V E N. 



END tLEVATION 

PERSPECTIVE VI EW SECTION E.f. 



Plau135 



PORTABLE FLY-_PR_OOF MEAT SAFE . 

r]. ---t 
' " I 

_J: 

All fr9m/ng mad~ f"rom 3';,; 3/,,: ~ 
Timb er 

Meat Safe CloseJ 

w 
eta;/ of" Joint . 
For Framing_. Dets,1 of", 

- -- - Button. 

Detail of" Joint 
~ay~ 





FLY- PROOF DEEP TRENCH LATRINE, 

1 CC) 
Det• il of' Hinq!' 



"' II. 

~ 
~ 

~ 

"' 
"' ~ 
< 
"' 
~ 

~ :I 
ii 

:1 
ii 

21 

"• ~I 
l 

~I l 
' 



-- ------- - --~- -

-TEMPORARY INCINERATO R. 

H1!Jh ground. 1 

c ---- ---,-::, - __ ::·_''.; 

Highgro1H•d 

LD..- ground. 

/ :\ 
PL::N. 

ll'IC,;,;<1r11tor dug out of' .sid<1 o:f' Mnk 
R<1f'us<1 f'<1d at top ,:,," incin <1r(!ltor f'r-om hi!Jh ground 

,.,-,d dr111wn f'r om p ~ssE1g<1 c u t out of' bank s l d<1 



Plutd 4J. 

SMALL CORRUGATED STEEL SHELTER. 



--~--- -

PULU14Z. 



J;~e,;;:~~~1:;~::0:/:.~:;;.~z:;e1;~:;:~;}-;;[i, 2'-9"..,f,lt,. 3"irich i•p) 

SO Bolts ' 
B B••~•• ,0'6",<; 4 P,<P,,p, ~ 
160Sq.Fe . of" Bo•rd,r.g for f'loor 
G•s-pf'O(Jf doubre door Frame complste 
60 Fssc,,uts Apprr,x,maeely 
~c,...te m•U•r111/. t;,~,,.,,,J 44 tons. S.nd 22torrs. C.-,,t ?O&mMO·-
-fflU •~" ,<Me.-,,,d Oy g=p•og ••• 0C <'= •••=• '"B""" 
Ac:uJ,,,mt>iii&o~ doul,!e bt1nl<t1d IZ mr,n "' t!t1ch !l~ltcr. 

·-· __ ,.,,,_ , , ~.!'11-.l~;,1< l~ h 



'"" 

l•J~/J~ 

s,.,.11uep l>e..t Sk ltcf'8 

et~a ,-,,,m 1'klt•~ 

No,t -~ ~E~;,t,,::;;E.,~~~~7,~~~;:/tc'1:o'.:.%t:!, ~ :f,~/[,, -fo"/f/::,:,. 





Plc.U 14fi 

TIMBER CONSTR•UCTION. 
COM MON fAULTS. 

Wrong Right 

Right 

Right 

Fl H 



Plat...147. 

TIMBER CONSTRUCTION 
COMMON FAUL.T'S. 

Fi g.I. 

Wrong Wrong R,'ght. 

~I) ~;;J L~f 
s .. ..-cut. Saw cut Sa..- cut,;. 

Fi g-.2. 

~ .. . \!] 
~ 

ff a roof beam is con,;truaed "!l~h a log B stret_ch_e,d 
.across the c<11ntre of"s beam A, the stresses,,, ii t1re 
du" to ch<11 load on its centre .-:o concentrated and 
doub/<11 wht1t they would be 1F Jog '8',veNJ omit.ted,and 
thtJ fot1d distributad over the who/a be•m 'A: 

"''~ -~~ 
M.i..,..a.s.,.,'. ,U 



pl,u.u, J1HJ. 

STRENGTH OF BEAMS. 
CALCULATION 01" LOAD. 

Rl> i/,. mu:.t b tt l a id t hu ,. l. ~ 

Timber j oist~ mu :,; t be f<'lld thu.s I not ~ 

fl G. 2. 

8e"m "8"" !Ju pµon:,; h<'llf "" X ""ond ha/f ""Y"" . 

8clJm "A· support ,. httlf "X'" only 

Thl!re fore in " cont i nuous rr,oF with,. lotrd ,..,.,n/y di!J

tnb utttd, 1!'M:.1m ,. te the lcDd on ""Y be<'!m by ta /ling 
the cubic content ~ over '1 <1 /f the d,stanctt between tfi1Jt 

be1tm .!Ind thn$e on ClJCh s ,de oF it, " " .. t .. Z,. 



SPECIMEN OF SUITABLE COVER. 
6 INCHES. 

19',_rSiil 

_ _ _______ c_•_os_s_ s_,_c,_,o_•_· __________ _c._J; 



plt.,,UJSO. 

ST A N DAR D S E T S & C L I P 5. 

ELEVA110NS STANDA"O JOINTS 

,· .. .-.. , .· . '· .. ,,.,, . -~- .:::;~·-~- . . 
~"'-"~ '-!_'<c_~'· ' 

1',t pop p;t : . · 

om,c o, ••co sn~•" s•o• ••coo':t-,~~co;,o, "'" 
F<G 

1'.-, ;f w,.,.,,.,... ,,,.,, ;:;;:;;:,-
5~3- RS.J 

' 
P,Cp 

' 
oeTAIL OF ><Ao.ll'l;PIN CLIP . 



Pl,ah,;Nil. 

.STANDARD DUG- OUT ACCOMMODATION FOR 
HEADQUARTERS. 

l'Of! p.•,rT ~ H.Q. 
(l)t;J.,b/11 9,, HQ.•0,,11Bd11HQ.) 

C.O Room A. 

Mu,aOf'fiC• B 
1<,cch11n C 
A<!Je.• Cl11rl<, E 
N,M&~- D 

l"QR H,!, ,B"T!! .. 2:!:.9..: 
8.C.Po,e A 
Wirt!lt!SS E 
~;,.,.,, B_""/<8} 88oC 

"'""~3 
FOR ARH GROUP H.Q 

S.me !_!~ATT~ 



- --
PluulS:t.. 





M.G.DUG-OUT &. EMPLACEMENT. IF 
~ 

~111111rnmiirn1m1~1mc;:::. ,, .. ,!:;-'? r"'( ].,,,,imiiiiilr11m1Mffi11!!llll!Mmmlffll!1rn1rtf'l"11 en 



Pla.t..el55. 

&f;NERAL ARRANGEMENT. 

F1G.I. 

PLAN SHOWING ARRANGEMENT Of BRACKETS & 
STRETC~- - - - · .._s.,· 



.L~ 



Plaul57. 

lkl!o:,&So••I.,,. 



Pl.a,,u 158 

S P I L I N G. 

,·,,·u,;::::·,nm:.· . .. . '" . ~~ .. ·•,··.··,·~.'::;';'.::;:, 

,.,.,,,,,.,. · r l I ·• 
·,\", · " -'-'" · . ,·.,_. '-·• ~::..F,,.,t Sole• ,nmod#,..<el_,, 

go,,d gro~~d 



FORWARD ROADS 
~ 

;;:::,,t:;';:,. ~::::; ~-::tl.":"u,"/:i•/:.:::':"r.'l',";,~· ,'.i'g' 
lnN,/N,,,!J,c, 

~, • .,.,.,. s'o•-; 

NORMAL ROADWAY. ,·--.-.-.-

~·-~ 
ROAD ON A HILLSIDE. 

FI0.3 

~ 





Pla-te /Cl. 

FORWARD ROADS 

:....'..l;L.· . - - . ,. -, ,. · . '"' .... ,- .. ,_; .• ,, .. ~ c;,1~. •••••••. ) 

' \S,mt: 

,-··•,.' . ,,--... . s:n=;-;z:::i~~~ 
-,. 
!Ft.it• ,V,•IMoJ.has~rf~itir.-
6",wmp,,d"':,ytrtf'o,.., ,,,,-.filt<>d. 





9 -,. LB TRACK 

l 

Pt.au.76.'J 

' ' 
*''°"'j ~.~·--



PlratJ-161/. 

9- LB. TRACK. 

!!Q_,!_, 
5M STRAIGHT S ECTION . 

f:~ ---- f nj''"-=·~=·i 3- j-
4- -<'ti;l,'. - -2'·8~- ... <'·a'j/i,..;. - .2'·e"'-~--2'·e';Yi-- -♦ --2 ia<¼:.J 

--- - - --- - --- -1G'·4-¼ '-·-·---------·-



P/,a,t,,e, J6'5. 

,I 

II 



Pla.U-16/i. 





pf.,o,1,<t]f;fl, 

FIG.2 . 

MULE WALK 20-LB. TRACK . 

tttJtJi 
C.,,,t,,-Jorr-~,- .. _ 
,,..,.,c.,-,,,,.,..,1,.,.~. 



Ploul69. 

RAFT, TRACK 20-LB . 

.• 
I 

~- <I · 

i 

SECTION $HEWING .UU,CHMENT SECTION SHEWING ADDI TI ONAL 
TO SLE.EPE.RS TIMBER SLEEPERS 

$ ---,-,- f£,"m;;f~ 
6·• ,,,,. -I'~'";;,__, 5',,..,., r ,•,iv: .... .,..._.,.1,-.., 

~.io.O.loo,l,\I' 



J'udellO. 

CROSS SECTIONS Of EARTHWORKS. 

E!§.:.!_. 

~-·· · -- - t'O"· ··----, 

~ 

FIG. 3 ~ -

8~-.. , 

;,,c,,,,,nc.,.... 80,,d,.,.rn<iirli♦~I• 

1 

' ' l 

I 

i 

11 

!I 



Pf..au 171. 

i~ -

1~ 





IIS/.tbs 
G.C 

DEMOLITIONS 

Pier 





P'lateJ75. 

ELECTRIC FIRING. 
JOINTING WIRES. 

Conl!ectiot>s l'"or testlnq Connsctions for f","r,"n9 

~-Fl 
' ' 

l_.rj 
n~-
. ' 
I ' ' ' u 

D.O.=Deton•to r .s ,",, char9e . 
T ""Test Celf 
G = Q&!.D11t.tfctor. 
E .o Exploder . 





J/IL/1".J.R l' BOVKS, pub//J,.t<J by Attt~o,ily-conlino~d. 

Field !ienlce llllanual5......,.ft limud. 

ti igo•li~:;;e& Sig ~ i~ np,>DJ i~;:~l~rit~11:=:;.1:!!,._W'gf/ 
FJE1t~)~Etv~w~. f?0l~~.~d~~0l . ~~1\b',!;:;;;t/t7!1i,:ot ·:r~i:"t 
Fri:~~,n;~i~r'~; v;~au~Aii"dss :-

1' .,·t I Oper,,.t.ioo o, 1920. 
Par t II Org~:;',~on:.~d191~{,o!ut• ln U01l. 1~. (li,,pr iute<l with 

£:~. i11~~~J~~~~tl:t\:~~i~rrt:!b~~fr1;~3 1~:~1;; 
Adf='~i~d1~~1~,:~,z:~rdTi;. :::~:: ~::~:'. 

bilhieo ol lhc Eugii,tor- in--01,!el, and of OUief Euglo oor., 
&e. \<i, ( l d.) 

FINANCIAL INSTlU10TlONS IN REL ATI ON T O ARMY 
A • UOUN1'8. 1910. ( Ikpriu led, with Amo•donouto to OcL I, rn17). (o..t ~j 
p ri~f.) 6d. (bd.) 

FIRl'l lllANUAL. AB.ll(Y. 1918. 2d. (Sd.) 
FOOD. ANALYSES AND ENE RGY VA C.UES OF. '•• (4 , . .1-d.) 
FO&l!IION LAl!ilOUAllES. STUDY OF. Ragu luiouo. 1,20. td. (t<I; ) 

FO~i!:.~!;tR:o~!·;g1~tff,f'!,':,':;~1~,i rn~'~ ~t 0 r.1;0;/A"':,t ~:t ;;i'i;, t-0 Aug. 4, 

Medtf ~:ii~;;r!1~JJ!J:!~~~~1. t 'fprl\'. fo~;.miiJ:i? 1,~0(11~';/) co,rt• 
PulH icat. r ol. i. Wc,J< ly, .~ug. 9, t nO:-

ltlI t !Jl~if!f~:?itl~: :/M.) i~it~3~! 
~•lructlnn, Fo,!nlgl,lly. eommeneing ,..;tb t~n o! A,io;. 13. 191&, 

toJu!yS0,1919. Each Go'. (G<I.) 

;"::,f~·~h:~~~?~J:::,:~:c;i:: ~:~]:~:"~~. 2:~:
9::,/,:v~:;;• 

lnd•~••to (:l:·liooie,1 SHpplomen\. YoL 1. J,n. to Doc. 1911!. J.,. (!Od.) 

ludce\'.,,totbe V.1i!t~ .. /si:;p;1:1:~i.1C~t 1,1t.1P2f6eo. 1918 6J. (6d.) 

•FO~~f!t',~~h~':!~~~d ::,E,i:~~!~!; Joai~ 1~1::1,;;i,!!1~i~f,.:ix:,n~! 
Hm,garlan Arony , it.t, Edi,ion. 'l.' ,a.,.\a\td. 4,, ( 2,, l!<f.) 

FB.t!~!:./>lSAllLED AND D!8CHAROED SOLDIERS IN. &. 

l'Rt:~~ -~!~~;6-_:" WA.B, 1870-1L 1'ra<1o!at.6d ''""' lbo <Jermau 

Fir8V~Lf(s~C:'i ~ t1t 'ri~1:.:.t· S0e::~1~.~~ ~l~e 1g,,".;~.!:) . 



(M to pr leu In bro.aket■, He toP of po.ea II.) 



Jf/1.JTARY B OOKS, p,J,/i,ud 6y A,uh,,ily-oonlioood. 

(.&a to priooa in b rach~, u• t op o r po.sea.) 

l'ro.n ca-Jerman W a.r--ro•li•••d. 
#!t!.o,.l lndeL U. Gti (l,. Id.) 

: :Eit:?:~i:.:~:-~,:~~~::~:f :.::::.:·:.::~ 
.. 0 6p.1n. U. (S<L) 

i!: I::J~· :is;~:;_ p';~'!~.~I ~r::dj:!.,1:::,':"1~7:-i:r~::;o .. ~hi~ti 
before lho end oftklo lt.rngg lo. Sol. (3d.) 

& .al,,, ~1•0 • 0 PHAT10.N•• 

FlUUfOH WORDS AND l'HBA.Sl!:8 with EnglioL Proouudalion. Short 
Voe&bnlary ol. Noteo on French Jd.,..u,-,o. .AU,reviationo ..,,d Tonn• 
noed oo French Mapa.. with English Eqnivoloo,., Id. (I«) 

l"lJNDS, ASSOOIATlONS, 80011!:Tl&S, &:c., for !ho .\ .. i•!aooo of 
Sondog and P.x-Servko Officoro, Mon, Wo,neo an<! their 0.-pondaolo. 
(RovioodHl'lO.) 2d. (:.!«) 

GBB•~.:RMY. £'t~Z· L?;~.i :~rl;~:~~· \~.~-- 3;oJ!"'J •. 1920. 
1,. 6 l . (h H , ) 

t·~,:.:;:u•~- Dj'.1 ~ml•\loua. l'ul IV. TI{£ 

lfaooauv ro.Hegnl•Uono, IW& !Ill. (&I.) 

Ql!:BlllANOONSTITlJTION,Th<>. (Edit ionwilLonlNot~,.) 19';0. 611. (Gd,) 

Ol!:]UllANY. 'f ho 0..,np&lgo of 1800 in ,-
W!lb U Plano inpartlolio. 187~. ~ (H.prlnt.ed \~7). Ila. (U.10<1:) 

:j:~:::r:=;,~i.o!du,~!~t eoi•. w;u , ~P!Aa•. 1,. (lOd.) 

GUERNSEY AND AtDRRNEY R OYAL MILITIA, Regulalioao. 
W!ttiU..,llilitio La.wo,ebtiogtolbol•la1>do. l'rooioio"aJ. 3'. (2,. U) 



{Aa toprlcea lnbracketa,.aetopotpalj'e 2. ) 

GUNS. DRILL lo«-
2·70- incb ~.J,. Gun, Converted J.fark I , ud Muk I c .. rr!oge, Mark I 

1,. ( Hid.) 
8-7~-iucl, {,' .~• 11,m itzcr, )!ork I. (',r,iaeo . .\lark I. I,. 

!:fn~~~;st 
ttf:.I1J· 
W-p,.Q.F . 
18-pr. fJ;F. 

18pr. Q.r .. 

t':e· ~l~k~. :J.ineh Tr~noh 
( 1920.) l,.t\J. ( h.U. ) 

·"'-• "'"' MA£HIXW Gu><•; )l~suyy R":"~l.ATIO~,, Put J.; a5<iR1, La_ 

HEALTH OF THE ARMY. ltEf'fORT FOR TllE YEAR, 19l4, 

HIB?i:~i:~~/~·Eg;R~~ OF THE BltlTIBH AltlllY ,_ 

~~ ~~~!:;..i!'.s,~~~l;k r-hu (S'-) 
0,-a;••· ht,Std. 14\b, ••~ 161h Ea<,b h. (S..) 

Dilt,,, tit!,. a,_ (:l,.3.i:) 
llarioeCorr-. B,. (2L2d.) 
t'oo,. ~lh, !O,h, l\th. l~tt,. l~\l,, 16Lh, litb, 18ll,. 19th, !hi, 21tid, 36tb, 

391b,t6U,.~Ard.07tl,,7i•t.a1ad,'13rd,7-lth. 86th , ij/U., ond 92nd. 

Do. Mth¥.tt!"1.47'1t1~~~~rl 88th. 1':ach k (2,. Ro'.) \ 
BIBTOJUl!:1:1, S H ORT, OJ' THB T.IIRRlTOltUL R'RGl MENTS OP 

TIJE HR/Tll!ll Al:U!.Y. /J'/nnmt>or,, 0&011 Id. (l<I.) Jn une rnlcme. 

Dhw.f». ~~.9~l.toouarda. IJ. (ld.) 
Ditto. The 6th (lnni•kill!ng) l"lmg,_._ (0Ml~jpri"'.) IJ. (IJ:) 
Dhto. Re•lwl t;diLiono. Id. ( I d.) _,h :-

i;f~~~t6~1i;~~::::: T::E:~i~J~\~E~!:~.!~k,~-~~L-
la" dnro). 

i:~ 8~~f~Fi77~:~.lli:::: 
T~:10!~: of 1Woll!ngtum"o Woo! 

ll1JicgRogiorn"'· 

~:~: t:tL':"~:.:~t~1:::.~.:..1. 
'l'h• !:Au llu"•J J(<,~imeu~ 

i~I~~:P~~1t~?i~t~:~.te• 
r.:~~•.~~~:~:;'.\~1,'._~Td•ur•. 
i;t:ir~~'f,1tz,~e(li:~,~•l.ire 

Tbol'rfoce.o Cho.dott,,ut w .1~·• 
(Tholluyo!Ber kahiro llogiruot.1)- _ 

Tii,1t~~~:~• d1;~/::J.:;r1u """ 
T l,o Quoon'• (Hoyal w .. i s....,..,

Regh,oeol). 
•rneaoy•lluni•kUl!ngF, .. !l!t,.., 

+::: :t:~l ~.;:,~~ p1::_fi'::,~~L 
Tiu, s.,,.u, Slal'lorolal1iro H.8t;im~"'· 
1't.. Sul'lol~ K,'!i""'UL 

:::~~ ~:~!~-~•~\:j;_,nii,. ;.,, •• ~ 



HORSE. P IELD, PACK, K E D I UM, /I N D H EAV Y AltTJ LLE ll.Y. 
Ino\rutlio" • f<,r J'"'°'l"".(focludi,, g Mvn.li!o Arm,na,,n\.)Feb.1921.3.i.\:W.) 

HO~:.s • 1,/~::.r s.;"':i'!" ,1_",,no,i;: t::1~~t.!~~n>-go11>0ut, and h aub of. 
BOSl'ITAL8. JIIILITAll-"'1:" !'AllllLl.88'. Nu,oing S\•l'f lhgulaUono. 

Dec., 1909&. 1( pa:) ''° S""ncB a~a U ~>< ITO!UAL F e& -
HOIITILITIES WIT.KOlJ'l' l>l':OLAR.A.TION OP W All- J"l!;OM 

1700T01&7o'. 2,. (h. 70: ) · 
HYGIENE . .EL E MENTARY MILI TARY. l tanual o/. l~i2: 6d. (&d.) 

Ditto. }lauual<>f ~ l):t';;'j,H~;;~;.,.;~ a~YJ, ,.oou 
INDIAN BlllPIBE. 'l"UE. }. S hur< llov low au d "'-''"e llin i., /or !loo u .. of 

Soldi• n prooo«lingtolndia. Gd. (Od.) 

lNPDt.!!;RI..,;n!!!,!~~~!y, i4.;;.°:;~~\)~~~9~'t.lio;lchl ~l'1. ([';:) (6d.) 
Dit to. VoJ.2 Pro•i•io nal . 1921. 1,.6d. (1'.3d.) 

lllr.JURIES A ND DISEA-SES O.F WAR. !fauu0I h>aed on e~perieno+ 
olt~ep 'ffenl O..mpa.iguinFrauoe. Jan . 19llt !U. (8d.) 

INSTITU T ES, GurioonudRogimenlal. ,RulMlor11i<ilbu>g"nonlof. 1916. 

1TA1f.·1.,.<~f°bA vALRY TRAlNlNG REGUUTio Ns. 10 1 1. Tn.io
ing for Mu<>l,oo. T..c1lco,uf )l lnor Uoi\o, and Training ol l'Ol,,.lo. J'=o--::i~i. 4~ (M) 

• 1912. ( 

~!~!-
JUT PLATES:-

A:t~r£-1•~1,;~tt~:!": :: tluo9.l~t t,L/Ul 
0..T&lry. 18~1. 1,1. (!<l:) 

EntnD~i~0i:r-w~1i/ :l ~t:n =~~ r:l~i~i!: ~t:1,"o:ill';O~d~~d,°.:.d1i! 
2. of.::.'o::~'.~1}u111~K;f1j;fd oul for Io•pKl!on !n Hao,""'" Room. 

t,14. l d. (Id.) 



LA1;:~r .. ,;,~;Js:i:1;'.n [;" (trr~~.~~c:1·n.s(;b!!.~'ei~:. o~:!: 
LAW. Milita..,.. M..,nal of. 191c. (Rq,ri..u4 1917.) $,.611. (h.lO<i) 

Dilto, Atnondmento, M• y 1919. ,/:.Ar~~io :- _ 
T o bo read in oonjundlon with lnfutt,,y 

) 
AB•s. -ao3-h><1,. lfotoonclatnreof 
J~m•.ll! .. Hroo,Y&ilW" .. ,ADdlnop,,c-

(6d.) 
. P,o~lo!,.,.t. b. 6.J. (h. 8d.) 

ll(A!l-AZINRS AND OARR OP WAR KATERIRL. &l<~"''"""•lor. 

l.:!~h ~t~;~~•\j~ 1~~11:r-u11, publi1bod in Army Onl.ero np lo 

XALAll.lA. OBSERVA'lI ' NS ON. b)' Yedlo•I Ol!icen ol !ho Army IUld 
011,ero, ( Wilh l'/al.,.<>1'<1Ding...,..,.) !9~0. 6.-. (U.5d.) 

ll.&.PPING FROlll ,Ulil. Pll0TOG11.APHS. ◄,. (!.. ILL) 
KAP 11..RAOINO 11.Jil> FlBLD SK.ETCHING. y...,.._L 192L h 

(2,. S,t) S..nluPUOTRAC"rQII, 
ll(Jtl> IOAL CORPS. tt.oyo.1 Army, (SH o/;o '!" ~1t1<.1TOIUil Fo1te•) e

Admiul<l1110. Regulotiono!or. Jon. l~~l . U. (2.J:) 
St,.ndlng Ordon,. WH. !;, (1-0ol.) 

Dillo. Supplemonllfl20. U (U) 
1.'r•iofor , 19ll. 94. (9d.) 

ll(RDIOA.L l>RPARTMlC!.T. Army, JndeI to AppoodieN! ol 11<,porto 
from 18~9 kl 189G. 3d. (34) 

-~~-~!;,~DISEASES In lho T ,vpioal ontl Snb-Tropiool War .Ar...._ S... 

ll(lCDIOA.L SF.RVIOlC. Army:-

~g:~:-Ai~~t;:;:;:•:;,;;;;:;:;~1~::li~;;:; 
Id. (1"') 

Dilto. Amendment,, July, 1921. 4d. ( ~ol.) 
K]El>IOAL 8.ERVIOJL 111<~"°'1 ..,~ 'l'ae<io>.\ Eru1'1oJIUIII ol t l,e, .

"°'rriod ou\ In H J.""y Oorpo: ..-lib o O<lrl•• <.,/ P roblemo. TnDOla~ 
lromlhoAnotriu>. u.GJ. (S..-l<L) 

6d.); ~~,:S !sr::~~n 

:-1i:Ot{~Rx::~-- 1911. &d. (s.i) 

Roporl !or tbo ArmyC<, nnotl on. By Sir John r. llowoU, O.O.b.l., K.O.B. 
( 11'11-lc H~p} l9U. b. &L (\,, !Id',) 

M"T-.., Jmri::rt°"" of, in b19. lly Sir Jol,n P. Hewotl, Q.O.S.L, K.0.11. 



(Aa to priee,, In braelr.eU., ■ee top ofpa.-a 2 . ) 

XILJ1~~l"';;!'ff!.~'.1'8, 189'.l lo 1903. llyob.w.o. &,,, AIITTLLu y .,.., 

:i~~;J0~:o~~°cJli1wiN!°f)ST:::1:~;:.T, cs:.::- p1~t'l. 

- P.rll. Old•nd NewM~ Pai·t ll. '!'er,i\oriAl t'oree•. 7, ,ijJ. \1'1-U} 
O:l'Jl'ICJUUI TlLA.llflNG OOB.PB ,-

H<s,u!allot00. 1912, ( l\eprl" U'<l, will, Ameudmon l, to.~pril , 1~16). 2d. (U.) 

f;~ii;E.a~iilc~~~:l~tJ~;~)on<1alU•'"P& 19'.ll, M (&i) 

B•'c!d~. ~~11!~:::.t~l~onnd ~':n~~·gr~t';:n: A:: . hW1J) )J&reh !9t0, for 
o:l'l!'JCIAL lllSTOBY 0:1' THE WAB. . .ll•dl ,-..1 Serd<>eo. G<,oonl 

lllolory, VoL l . ? I, . ( lOf.) 
OBAJll'OB PREE IITATB 'l'opog,.phioal So r-.oy, JS(li,...J~ll. l!ol"-'rt on the. 

10.. ('i o.) 



(A~ to p •io-- l" bueUt•, H• top ofpo..-e 2 ,) 

OBDNANOJ: OOLLBOE. S..ol,o Au1LUKYCoLUOE:
Ad,·u 1eedOl .. ••-- Jt,po,1000:-f{:{'ff~~t.aoh h. tg<L) 

8rith. h . .,j_ (b. ~•J:) 

g~:=c◊~~::.r:~~~!}:f~ci~o. 10}~ l'.t:'.oi~.) mo. _9d, (~d.) 
gi;r' 't. rn~~- Each l,, (!lJ.) 

:;:t l~.~: ?t~.5 
oa~l1;:tE"· o6~a.U. A~~? St.nding Ord,,ro. 19U. (Revrioted, wilh 

o.t:'~~~t;._f;l6.1"-citi,. io1-t GJ. CMJ 
OBDNANOB. 81:!:BVlOli:, Tndl•• OIi, . Sev~ntb 6di1;.,n , 1908. With 

oaJ~~: ili~~i>=:0~~{. t:~tf.;?.-,lu~'f. 1
~h r>~ \7l) ' :f'J;t~:';}/,~ly i~:,~~ ,6;!,.. (~!i 

d.. (t.i .. ) 



(.&. to prt""" in but.eke<• , He top or pa u ~.) 

PLAOB :N•XES OCCU!llUNO ON :l'ORlil:IGN llAP8. f.uloo for tho 
1' r&Iloliie, .. t ion oL 1919. l,.$J. (b.td./ 

PORTA:Bli SU:B-TAROBT (Morlr l.), •ud llow 10 u .. II. l91L 
( llepriu !tld. whh A mendn:.onta.191-1.) I d: (l<i.) 

POSTAL SERVICES. ARJllY. llan~ of. Wor. 1~18. (Reprinted, 

Pn°l.:'1~:y~:iJi'.•~:1~~~:~~1L-t1a~!~t-r9~ 1t ~-~-) \bo 
PROMOTION -OF LIEUTENANTS o! \ho Army \'et•rinory Corpo, Bpoeio l 

Roau v", ond • • rr"ior"al Foree. :, Finn AL~OWANC& 
PRos;,~..,°Ii~!\..!':.~0VlCE. 1''oruoeiullopli...odiug-Ula"'"°". ld. , (l<i.) 

PtrllLIOATIOl!IS (BEOBNT} OF XIL.IT A R Y I NTEREST. Llot of 

~;::~tt~ Ji'.°";J. ~!}j"'.:t'. l, ~!,:d\;",~tT!>Y ~~1B!~) •~eh. 

Q ~::fi~~~:11i::y l'AX!LI ES NUBSINO ii!,, .. (~_) "J'b!,d oditlo1,. JM-I 

AL {WA R ). WU. (l'.epriotod, wlll, A-.,ewh:Muto, 

lhadbooh,-
lnfaulry. No. 2. (Bur >.nd Slroud). 31·5.ioob,. buo. 1~16. 6,/. (/><I.) 

RANGES, JllNlATURE CARTRIDGE. (&pri"'«i f...,,, "1"11• A~"' 
ll■v !BW, Jauu.uy 1914). 34. (Sd.) 

RA l notruotiollB for \he 'J' noiuingol, with the Artillery 
( Id.) 

H><Y,irtAllU,<G,l/U,LH.-• 

0o~ ~,:,~~~,'~n?!~~~lySirJr;;go~: 
) 

E:SORUITINO FOR THE BEGU L A R All.K V A l!I D TllE SPJI.Cl•L 

~91.:~_r;:.!O~~ulallono. 1912. (l~prlot.d wilh Am8,.,lu>aul:.~.:•::I; 
B.ECRUIT8' TAllLE CARD. (Pro•!•iooil.) S"pl. 19~0. IJ.t (Gd.) 
aEKOUNT B.EOUL.6.TlONB. 191S. U. (U.J 
Bl8BARCH DEPARTMENT, W OOX.W.IOH:-

~,-,-



MIUT.Hff BOOK//,, ,-,,.1-,d", .4~10""'r-,ntlnued, 

{A• tc>prlcH h> br•chtai, •H iop ot 1>&1re~.) 

t\~ 1'i \~~~!;/~ 111!-I~ 
191!. u,._ (1(\f. l o.1.);Vol.111. 

ofma.p•. l!liL .(11. 
(1&.i,!1.) 

11o""1\:! ~7.ld.1r;~~t~~~•-~ !\~;::!:..U:otir.;:r.:~~~::. 
8ALl8t1;J.T PLAlN. 80UTB..EB.N oo••.urD. llandlq Or<lcro 

o.pplioablo Iii oil Troopo E=ped °" 8&11.ob,u-y PW.., 111d owllc•~~ 

sAJ'iTAi1lo~ T'{i('" ~rt~;H~lT1:ol· Tb-i,,· ~;LlTABY LJH. 

ao1ittE';;. "~-~-."~~~l Ho,.,,o .. 
SOHOOLB. A.rmy,-

Aonul llao)l()l"I• ""· lill-12; 1912--U, l',1.c~ b. {8ol.) 

Alllh1'";f/'1/'""~;i;..•r:;s.;""t W~) which O<o<nr h1 Order., Ll.o\O ul 

111(11. l,l. (lol.) 
d{k/-)Sc,,QOLHTOIUS. 





JffllTARY BOOKS, pol,/i,11,,J by A•IAori,y---routi11ttN!. 

Pan ~r,. The 
Parti6. 1'1>c 
Part 41. The 
l'art-lA. l'h• 
l'L<\-19. 'l'he 

"i..(3'.ll,i'.) 

r::~t i! !~ ~~f!~r~~~~.ft~r~,.~:fftti:l!)M::d.~lruu\). 
Cu. (S,. 11'1.) 

;!~: :~ llf ~~~if '.!~;;i;~!~~~·::~::~ 
r.m ii: It ~~fg~:~lf{:~Gfil:fr~~,~:~:5.~:r,~;~~I} ~-( ... II ... ) 

~t,;!i~ii~~ 



JIJLITA.llr .1100/0J, plflj/i,Ad bi A~/~o,ily--cuntioued. 

(A• to pricea in bracket•, He top of P•a'e 2. ) 

8o1~:,\• ,-:-~:.~:i,!." tbe G:rea.t War, 1914-19 19-e<ml,•~""-

:::::: : i:t~t;:~:t~,t:'~1o~1k'::,~~_i~QJ-.,J\-i~!t'. lli:,: 
(ll~.) 

!?. it ~E;i~t~~~li-~:.!lt!~:!~1~;%:~;1:: 
00l"j>a of l~e S,noll ArrtlO Sehwl; Milit.0<y P,ovoot; Non
~1':.".'~:d~orp,,; Queen Mary"! ,1,,,,, Au~iliory l:<><P"-

IIOL~!!;.~::. DlBA.a£ED A1-D DISClUI.RG~O, IN FRAN CE. Su 

IIOK.ALl 1J.lfD:-
.li!W1UJBepo,lon. 1901. Vol.!. GOOf1sa~l>ICAI.0.0<dplho,•nd Ut•1,<>n<&I. 

:i.. (1 .. 7'.) 
Operotio,,, ln, 1901-ot. Ollldal lllalory. Vol. I. 81. (2.i. w'.); VcJ. il. 

800T:e:...,rt1..ur W~;. 's:.""i!.Y~,-
1t1.!r6~~j?~~;;::,;] L~rr~ ~ .. Tho 

... ~"o..u. ,t~-d..&J.) 
· , In jd ot ,to 81cli &lid Wound..d. fltpo,, r,f U,e 

Bad Orou Oo,mnll\ee on. 190:!. $,. (2.i. fld.. ) 



OT 
OT 

Jf!LITA!/l" BOOKS, p,,Mi,A«l ~ .hlAori,, - .,;,,,,;nu,•-l 

8T:J!'-.9d. )ENGl l>ilt8 AND BOILERS AND OAS AND OIL 
Jo:NGINE8. Man"l(om.nto!. liOIMoadlhmon,.udL 1911. Id. (i.'.) 

8UD&J!i ALll: .!I NA O. 19n _compiled _lo lb" l ulelligom,fl Deporti,oeo<, 
Oolro. A,trooomlcal CalculAho"• ,,,ade 10 \lie Coo ,pui..uon Oltlce ol lh• 

=~(tf l~:&;~i!~~I~j";~:;~zii:t~{~~~11t: 
Vol L ll&O@"ApWcal, Ducripti••· ~ntl ll!1wrloal c...:a 1:"~1-

Vol.!l~ffir~ 1!06;i. ([;;:'t/) (Noc_,,..,""'9Cli<>p1., r{J.,Syp,._ 

Vo\.1~~d~t•.~tL LD,Jl1:No':u,~!,',';,~ B~d.i~°"}v•.ocli~tero Bo<Un 
Xi.~rrai rrt~ord~t.8"~-~~~r':h~:~~'!:~~ s!~!~ &~,-.,-

DIii<>. (1bap1er Vlt. Bopplemeol (A). &hr..J-Gbau.L Ad<li1i<,aal 
8"1116'1. 1,. (lo.L) ' 

lltl"D,1, N CAJl4PAlON. HlflOrJ'ol ,.._ 1""1> port>, aod llapt. 18»0.. a,. 

=~t:tr~~~~~~\1~~Blle.; Jt?.,,d o! A"'mu!Uor, Sar'l'l1 
or Ou, E,pe,liU<••ary Yo,,:,o !o War, °""°"i"""' or, U.. lntn>duru., .. ot 
lloel-•.nl..,11',..,,,po.,. lle .. ....,ortumuplalu!n,:tht. Fe1>.nn. i.t lt,t) 

8trl'PLT , TJU,Jll8l'OB.T, AND B.& AB.ACllt 8B.B.VIClll:8, Reg•l•lk1Do. 

SU~~i'Y~o'.6</1\t'm1.:r.b'i~l:.o\?.:rrt~°Zi) Tu1 Bootol, !>MO<II 
Ohio. 1906.. J.pf"ndb .ll. Tabl ... tor tU Projection ol Gr""'-rlM f<-< 

~o•~.:l' o~• ! 11! !t l~~t/;&}; :~~it.OC:\.."':V.~":.'.::· 
' ) oru1.,,.1.ror 

(U.) 

r~:1rri-n~ 
V l,.W (lo.td.) 
V h. plJ,) 

-!•tor.al 1"- 11"-) 

TKE:1:~~;11;,;r~!b]~0ai;,t~·iil~2~flrf;ltl~:;..:? 



; 
Volunta,,Aid,-

Schomo for the Organiu.lloo ol, In Eoglaoo ud W•I ... IM<,.1!110. 
(u.<~/l"'i•I) 

Dht!'.1;.~''Sco~~:: t~~~~•1u l,\d.(l<L) 
Dhto. {lino. .\m<ndme nla. 1£ l id.) 

TJI.AOTO& TB1AL8 held by the E,porirneo~,J 6ut,-.Oommitteeo! tllll llec:hanl-.
tal T ni.noport Comrnitt..., &I AlMHIK,t, &pt. and Oot. 1903. Repo11on, 6'/, 
(M) 

~l~~ ~~u~tlfl'~f1:oay!l'~ul11tr~::01gl.t 4toit&;J 
f,~6~Rl(I ,~fftL FORCE CA llE'tS, (l'roviofoool.) Sop\. l~~J. 

T&.A..lilSPORT. ll.EOHANIOAL ,~ 

~:::r.J::.~c:.r.~~t:~~.:::.t~; l~~~!:.~:~,~of"it crii (\W.) 
T B.AlllSPOBT. PACB;. Note, on, (Repduled, with AmonJ.mont3, 191G} 

TB~~p~'.":S.. l,lou,.-r>,1>aod NuxHll. 
TBtr•P BT ,A..lilD BUGLB SOUNDS for llie Am>y, With lns!rnoliouo 

for the Tro.inin« of Tnim-•• aud Soglen. HU. M (M.) 
Dltlo, A111nd.,..n11, Jnly 1917. Id. (ld,) 

}~!~!!~iJl~T=E~~,_';;fimJf.!:l-~,;~£to~UJkM>d 
lf&Dtr.RNGLISH PRIXl!:B.. F« U.. - of O:>loo!ol Ar~ll"'1, 15'19. 16,. 

(\O..,d,) 
V~B BQUIPXBHT . .Imm>oUou!ot f~llin;r,

&ndolierpa•"'"'- 1908. U. (2d) 
S,,, a/,oE<>~•r><•U. 

1920. '"' tGJ.) 
(l<l.) 

moo. (l\opTin toa.1, wlth 



Jll/,11',IRf BOOKS, pt,bli,W 1,y ,to,.r.4<,ril,-.,ouliuuod. 



o,h ou, 

SCHO_Ol_O[Mll/TARY 








