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.. ·.:·_ :,,.Questions on. 's~ip construction and fittings now·foim one qf · th~ · 
/; •' mos.t important parts of the examinations £or all grades ofcertificate{i, 
;·· -~ :,;." This chapter will giv! some idea ~£ th~ question~ ·that ha~e · been 

asked, and those likely to be asked, at the examination. . 
"'. While specially riseful for -examination purposes, it.is alsQ meant to 

\· give candidates a ge~-a~al interest in the subject; and le.ad them, on t? . 
(. Ju,rtlwr study. · . ·. · .:· · . 

.; . ; The terms 1,1.sed and the subje~ts .chos1n ~ave been made as simple ·. 

.. as possible. . ' . ' 
· The drawings are onlY, r<mgh sketches. They are intended to 

indicate the proper names of different parts of vessels, rather than, to 
give full detailed explanations of them. 

· All candidates should get the following books on this l).nd allied 
subjects :....:.... · . 

·, " ·The Modern Practice of Shipbuilding." By Thearle. · :15s. net: 
v• o: ~:- { "Know your Own Ship." By Thos. Walton. 7s. od . . :ri~t,: -
·. ·· · .~;: ·: · "Ship Construction and Calculations." By Nicol. 12s. 6d. net 

, ~- --· "Present-day Shipbuilding .. " By Thos .. Walton. 7s. 6d. net. 

· · ., These can be obtained from. any nautical bookseller, or direct from 
. -J~ms BRowN.&' SoN, -5_2 Darnley Street, Glasgow: · ·. 
· ·· · The first thing to be don~ in connection with the building pf a ship 

-.· is to prepare the various · drawings which are required to work from, 
. an~ to get re~dy a complete specification describing in ·detail the 

·various different parts of the ship, her construction, and fittings. 
· This is the work of a naval architect. It will not be attempted 
here~ We will presume that all the necessary drawings are completed, 
:tnd at hand . . 
: ., · ~Thl;l/'.sca,ntlings," or sizes of the various plates, frames, angle 

-~ bins, stringers; and other parts of the vessel are shown upon the 
specification, and are generally in accordance with the Rules of Lloyd's 
Register of British and Foreign Shipping. They are governed by 
. the " First" and " Second " sca~tling numbers, not by the tonnage 
of the vessel. . · 

! 

':.-

I 

• The fact of a ~~ssel being ~lassed at Lloyd's is a gua:rantee ~o~. only 
,o that her materials in the first case were good, but also that her 

. . the actual sizes of her various component parts) have 
:~~::~g:h~-~~rvey.ors to Lloyd's ~egister that they are sa~i~factory 

suitable. for that particular shlp. . 

Cl 
. d ~h- ·. ·-s ·als-o ~ave to und~rgo periodical surveys t? r~tain"'. 

asse s rp ld ~ h h t dergo 
'"· h .. 1 , thus when a vessel is four years o s e as o un 

"_ ~e:l~~ a~,survey; when eight years ol,!l her N~. 2 sur:ve~; a.nd when 
. 1 . old she must undergo her No. 3 survey, whwh rs a very. 
twe ve years _ 
thorough one. , 

In each survey the vessel is to be placed in. dry dock ~n l>l.oel~s 
,. f - 't ble height and opened up for survey m any places whe~e 

.- o a sm a ' . There are various classes of vessels Ill_ 
- the surveyor may reqmre. . . . - d . :. 
~- Lloyd's Register, the class Al mdJCatmg that both hull an - eqmp . 

· inent are in first-class order. , .. -.. . 

.-.- . . The shipbuilder also prepares a model in wood of the _ship ~e is going 
. b. 'ld pon which he shows the arrangement of the edges and b~~ts 
t.~ thm h ;; plating and draws lines showing the positions of the frames. 

. .• ;his e~o~el is gen~rally m~de up?n a scale of t inch to tl~e fo~t, but 
. . . a larger scale for small vessels. The P_ articular!! can, 
-somet1mes on . · 
b~wever, ' be got from drawmgs. . 

. . hi b 'ldi. 'ng yards .the lines of the vess_ el to be built are 
· · In most s P Ul f · · 1 
c; d d t f 11 size upon a mould loft floor. 'rhe mould Io t lS s~mp y ,' 
· expan e . 0 

J.l • · 'tabl floor to work on . · : 
large building or shed bavmg a SUl .. 'e . , . , 
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. · . .. . .·.. . ,... ., . . ... r 
·When the .vt;lssel· h:,l,s been ·laid off U:pon · the ·mould .Joft :floor, "~r 

upon paper, the lines are transferred to the scrive boara. .The 
. board _consists of a nl).mber of seas(} ned deals secured edge .to edge 
damps at the back>..Jhe edges being close jointed, and the area of 

· ~oard large enough to receive a copy of the body plan t-o full 
. · The lines required to be · shown are razed, or scrat~hed into the surface · ,:­

of the ~~rive board, .and some. pf them are distinguished by-pai~t · 
marks of various colours. , · · •r . " , ' ' 

. . 
. A~et_ ir_ol1_(ll< bar o! soft iron) is bent to th~ curvature of any niquir~d 
frame on the sci'ive poard, the variotis frames, etc., b~ing -bent to the 
corresponding shape by means of it ' and a bending slab or other 
appliance. · 

Bef~m · ahy of the actual building b£ ·'ti·e ship can be : done, the 
materials require,d must of course .. be obtained and the keel -blocks on 

.J ;- the building' slip prepared. A g~eab deal of preparatory work is 
therefore required be~ore any of the actual construction of the ship · 
can be begun. · 

The found~~1~n of the buiiding slip must .b~ solid and strong enough 
to · be-ar the weigh~ o! the _shi? before launching. :When a very I~rge 

. ":" an_q h;avy vessel 1~ _to be bmlt, special c?-re is taken wjt~ _regard 
this by means ol p1lH1g, e'tc. · · 

. . 
·. -It must also~be seen that there is sufficient depth and breadth~£ 

' :·.~·'Yater for launching . . ~ ' . . · .~ 

The keel blocks, ar.E\ .usuall~ BP.ace,d ab9ut 4 ~J! 5 fee( a par~, arid 
should ,be ~tout _ and · substantial baulks ·of timber, the bottom 

:_in eac1i tie~ _being the iarger. . :" '. . ' 
~., ';<-• '·(r~ ~ C, '\ -:--

' Larg~. v~ss~ls:care.,. always_launchetJ " ~nd on/' and the keel--blocks 
· arelai~ with a ~eclivity down to the ;vater. This declivity is some: 
·where .p;nhe neighbourhood of ! ?f an inch . to. ... the foot, 'and 
laUI,IC~,P~}VaySt"Yi}iich.;are afterwards laid f~r lau;hcliing. th~ vessel on . 
~omet:llle~ ,hav~ a. decliyity of' ! of an incli\to ' the foot~ ! . ' 

. 

1 I~ .-~~st' be·~~membered··,by those who ~k~: ·neveJ<hau ·t!le 
· ":~9f ~eehig a yes~eUau.nc~ed, thatth~bgh the;:k;eel is first laid ·· 

111~'""'ll1;1 
., ·.a_ par~;~t a ,~ime).:andjhe Ves~.~J b,uift upon ft;_she . ··u-.u· , '-'.l tt.:U>Ju;o:w 

"laun~hing 'ways,:~·;:, ~b:a··that ·her ·keel · is quite' f~ee · · .· the .l(e<elz ll)lO,cJr~ 
. -11.t tl;u~;_tfiA( of]~unpiu~g: · This ., i~.~acco:n:plis~ed . by,, •; wedging · ~er 

' ' ·- ;~I''.. ):::·. t . 

.:,_,_ '"'' '::': ;::-·!'~~-~~~:. 

\ 
~..... -, .... ··~·.,": ~-. 

. SH!P CONSTRUCTION A.NP lfi'tTINdit 
'. ·<'< 

'pp," and thus taking her weight on the "l~un'ching way~/' tJ:e keel 
~loeks being all kp.ocked away, from :under the keel ,before I~:inchi_ng. 

sman vessels, s~~h · as steam\i~wlers, tugs, ~tc., are ofte~la.u:nche? 
b;r;adside- on. ' · '' · . . . . , " , . 

;,·:. : -/ 
\ ~ . ' 

· . The first part of the actual .constructlon of the ship is the laying:,. ~. : . 
, . ~ ,c_· •·· .. ~- . ,,·~ .. ~·:, ·-->'.·"7'1:_ .. · __ .,~.' ~,· of the keel on theJwel blocks. . : ' ·~, ,.,...,_· _, o·• ... 

·< •. ~ 

The ~o~t c,:ommcin form of keei is"'t~e Hat plate':keel. Flat pl~t<( 
k~els are· u~ually .made from a single thickness of plf!-te,'but~ometimes · 
a double thickness is aUopted. ' .: · "' , .. 

. f" ~. ,/ . • • -.~\ ., . 

For small vessels of '100 tons, Lloyd's l~u1es.require that the keel 
· plate shall be: 30 .m~hes wi~e, ·increasing ,to 36 inches. or so-~ hr.i~Fge 
steamers .. The thickness varies from lo of an .inch in .small vessels to 
'over ' an 'ilfcii. "in f~rge . Ves~els. '\H ' each ' case this '' extends fof' three· 
fifths of their length amidships, being somewhat ·reduced a( the' 
e;'(tremities. Sometimes it is double(! for one half. of the :vessel's length 
am~dship~. . ·~ ;~t... .. 

,. .. A fl~t,pJate !ree~ is ;tlw~ys -a_ssocJa~~~i"52~h an_l~te:QostaJ·~~elso~. o:," 
. , c_entre thrO\lgh plat~ keel~gn. ··· · · · ' . ~ ~ - ' _.,,. . ' 

·., it is called a~)ntercostat keelson wben it is fitted down Jn betweenc 
..:~. the . floors~- ~ . _ .... _... _-::-_-- : .. y} 

It is ~all~d -~ centre through plate keelson when' the middle !hie "' ": 
keelson plate is .continuous th,roug~out. i~s -~ntirei·deptl;.~ The ,jloora: ·;·-;)'i''.!~ 
are then'· consequently in. two !~ngths; butting against it. ~:? . ' .. ''t-~ , ··~ <..Ji~ 

. ·. Bai k~els ' ~s~-;~~-~~ame im~Iie;, a;e ,foFmed . of::in. ir~n;"or ~~t:e~i (df:' 1{'~~~§{ ~· 
· · ·standing ,on 

1

its ;~dg~. ~Th~y are ~g~nerally made)~ forged lengt~ _of •. :2:~~.~{~ 
about 40 feet, the different lengths being . joined , together by verttcal ·. · 

t\ - f ·~¢ .,·· • 

· scarphs. . ~~ · . · " ~ ·"······'- ,J· • .. 

'::-;tl~yd's. ~~l~s r~q'}ir~'·i~lia.~ _ke~(~/in2~es -d~p .,b~;"1f in,·c~e~ f~r-.a 
s·rnail -:Vesse1 ;of 100 to.ns,'wW.e for one of 6.,000 tons 1t ~s req:uned to .. 
be i2 in_~he~ de~P:~b.y'·s!jn~hes,. ... : ,, · .. ' · .. 1~: ·. · .· 
<'~id('·.b~r ~'~~~ ~re ~~· :6ttm{u~¢~, chiefly)n consesu~~~ -of ;h~ : .. ? 

, expens~~~! ~or~,!M~~ii\~~yjh~-~J.~~m i~ lv~J:~ goo~:-nil.s~~6~~·;9~~i~~·{f::¥]~ 
·~her(l are se~eral:)91'JP!> of:tncte · ba~, arra!lgement;JP.U! t~~ distil1211'\.~.Z.;i\§{ " 
. fe~tirre .~f the ··syetem i~J3. continuous 've,rt_ical plate ·~.fte~~iif(~E?~·· ~~e 1< ., .;: ; 

'~ -~--- if~;~:(: ~ ' ; ~ ':):~ ~ ,,. ·h·~ . >' ' --·~·,·:::~:~~<:~:·:',\:~~;:~: 
1 :·c.:; .. . ·~., 
:~ .-- ;.c~·:: ,:_:~;~;~·t .. 

·._ . " ~· 
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under ~ide of the keel to the top of the floors, and sometimes continueq' 
so as to form a part oi the main ,keelson: A bar is riveted on e-ach 
side oi th1s plate at its lower part, the collective thickness of the middle -
line plate and the side bars. being at least eq~al to the thickness o:f. an 
orduiary _bar keel. 

Part .of the keel being laid, generally near the. midships part. of ~he 
vessel first; the work is then carried .on towards tl1~ . bilges, the frames 
and floor plates being got into position. The keel is also continued 
towards the extremities of the :vessel, and the number of men increased 
as the work 9Cconstruction -proceeds. The frames having been 

- erected, the b~ams are next got into position, 'though s~metimes beams 
are connected to the frames before they are erected,· in which case the 
frames and the beam are sent up together. - There are also various • 
tie plates, stringers, and the deck ·stringer plates; which .. run along 
both 'sides of the vessel on top of each tier of beams, pillars, bulk-. 
heads, etc. · · 

Shell plating.-This is the most important part · of the structure 
of an.iro.n or steel vessel, not only because it is essential to her flotation, . 
but -because it is the chief source of her strength, and ' is the largest 
item in the weight of her materials. 

- . 
There .. are several different arrangements of · shell plating, 

most common being the "raised and sunken plate system." An example_ · 
·of this is shown:on Plates III., _IV., and V., which are half midships 
sectionS' of steamers. 

After launching, the vessel is towed to a convenient place to 
her engines and boilers put in, hull structure finished, and her 

~- . .. •. • II,. • 

·and varied fittings install~d. When completed and trial trips ha 
been satisfactorily-made, she is handed over .to her owners and becomes, '. 
·another unit in our' great mercantile fleet. \. , · . -~~' 

A few drawings are given on the fo-llowing pages to show some·, .. 
qf the p~incipal 'types of vessel and pa~ts o! the hull construction and .·,, 
fittings.. They are arr~nged in all cases_ with the dniwif1g on OJ?.e pag~ 
and the explanatory matter on the page illl.mediately facing .it.' . TJ:iis. 0 -

method will be found handy for· refere~ce and _ _wi~l save a lot 'of turn-
i~g pages over. .. 

_ Following these are a n~mper o£ questi~hs _13uc? a~ · are tr,,nnpn·w 

gF..-en at _·the examinations, wit ,h. simple and ' practical ansu:~rs: 

' < 

} ~' ·. 

+' . ·-· ' 

,- SHIP CONSTRUC;ION AND FITTINGS. 

·~ .. 

- ·, 
~· 

. ... '• _. 

.. 

.\ 

NOTES~ 

:..-. 

, .. 
,- '-t:·~':·., .'(' 

~~;<. 't, 

~:- : . '.!' 

i· ·, 

·" ._ ... 

'209 . 

\ 

· .... 

.t-• ••. 
·:'I': • "' .~ 

~. ' 

;.-c·-·. 

./·.,;.: ... . ' 
--~ f"·':1 
~ " :s·.; __ 

.. 
-~;> ::, ; 
~·· 

~- ; . 
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PLATE I. 
,· 

TYPES • O'P .VESSELS 
upper dec.)( 

.< 

· ' r , ]niddlukc.k ·. 1 · 
lowe I! · thr.l< 

. ' 

'THREE' DECICtO VESSEL 

SPAR DECKE.D VESSEl. 

,"Aw111~.tfor :J&_~lter de(#. ,_. 

M.a.rn .: d•eh 

':r' -
. , SHU' CONSTRUCTlO:ii AN.D FIT'.l'!jS"GS • . 

. REifARKS. ; ON PLATE . I;; . •. . ~ .. 
~. ,. • •, :. ' ... ''.J: ~·.: ~-- --

\ : . .. ~ 1i, .,·: ·" 

·,~ . 
' · TiPJ!:s oF -VEs&ELS, 

:. ·'. ' ... •. -. : . . ,· -· ._. ~~ . ·--·:' . ' .. · ' ' ' ' '· . ·. .. --. .· 
The first "drawing is a s~cti~u of an ~·rdi~.ty thre~-deck~d yea§el. '.~ ·-:·' 

·This type is' a· strsmgly-built ~sse! of : full '6can~lings; i.ltitabie _ f.ot _ 
carrying alt.or!finary and heavy .c'argoes."'.•. :. ,· -. ?~- • • +.ct:, 

The-up;~ .deck fs' th~ ;; main· ~:. _o~''' .st{~tigth:~:~ :decli,· all J>~lkbdas · 
and· frames. ~extend to .the upper :deck, ~nd · where poops, : bridg~s; ~t")r ~ 
forecastles': are iltted, -the frames ~:t.terid ,to the height 'of t4eir r~sP!Jctiye 
str~ge~. plates. ~:. , .. · . ·-

I; 

·The reverse framgs are sometim~s fitted so that eacn~lternate pn; · 
stops at the middle deck. : · • . .. ,· :' 

~~"''. ;,;.?~~""' :_ .... _, ~ ·~<~ ~- .•' ""' -""H":-. ,__, , ; · -~ , - ~ t·· ;... -:: '\'::r, .... ;~\ J;~·-""-"· ... 

· • The -sheer strake· is at the_ uppei' deck, -from which the freeboard i~ 
measUred. , .. .-..- . ~~:._ ·_~;:.:-:·· · ::_ .. ·· ..... ""~"~ ~ ... ;.-v, 't. • ... ~-h~~ ; . .-.,..~ ·- . 

The seqond d.I:awing is a . ~e~tio~ ,of a spa~-de~ied ~~~sei.' ' it veryc 
much rese:rrlbles an ,ordinary three-decked vessel, . but is of ' lighter . . . ... :;;... 
consti:~ctimi than ve~sels -of ·the _S'~.me dime:p.sio~s ·J:milt ·t~ "·three ~e~k.::.":-.,-ri·:.t~':· . ,,_ 
ru1e." The spar deck i.l' the ".ll,trength" deck The sheer strake is · .. • 
at the, spa~:<:fec~ _from which the fr~eboaid is' mea~ured~,. -,- ' •. '' . -~:. 

. ,. ·; '---,.,_!:. ',_/.. . ... ; .. ~. ::, ',_ ' . ,:; . . .:· ·--i ': . ·----~ • .. .., ... ·-. : ·• _, :.,..~-.~:"-~ l 

, The thiru drawing is a section of an " 'awning , -or ''shelterdeck" •.. 

... j~~~eL_ '.'·.·~· - -. "~'-' ... . ·~~-~ . _ · _ ··; : . ::·;-- > ~' ·. ·; . 
, '' 'The_ h:ull :,cohstruction·· !rom.·the. main_ .. deck ;~owriw:hds is '·much.:.;::-. 
the same ·as Jor P • .s• spar-decked " vessel. · . · .· .,-. · 
,,~.; )''::· . -i~;··: _~; I' .;·.,';._I _:• . •'' •. ,:_·',~- ,_:. ·_·, __ .;.:, · ,_,. }Jt•· __ t"" • 

. I~":i:>rd. ' ye'ssel~dhe"'~ main . deck " .:is . .the~ ~~ strength ,, d~ck> The- . 
modern pJ;a(j&i~e, hosy~ver, is.to ma]fe the ~wninlior s1re1ter decksheer,"" 

··~ sti~:ke apd-'st;inger platei~thicker ·thD:ii those of.the- ·a~ciL.below:~·>'.rJlfi 
awning·or shelter. deck then· beco:mes th_~· "s~rengt~ ·v 'declL · :~ · ' 

,_, Aw~~~~deck ,~ ana: :. sli~1t~; .. dec~:: : v~ssels_,~~~~~li~t ~te$~mbt~;2.,,:'~:;; 
. each Otlli3r, ~he dift~ren6e being that 'an ". 'iiwning-decked !' ve(jsel-b.as a; :. ·::;·_ 

con;:para~Iy~ly lig~t ~.eck" stmqt~e -.contitiuoua!.r; fr~~ stem . t<;>_. stern:.·""" ~ ,, • : 
th~. who~e ~~clqsed_.:s:pace:~ili~ IJ:l~~Suted for torrifa~e; w~ile a ~· ~helt.e(f.~­
deck n • :vessill.· is' fitted :With openings. through- t-Ile. snelter;;··aeck, ,whlch :~ 
may ~xte.n9,from side to 4i9e of tlle .. de.ck, .or only -resemble· sil18.ll hatgh~ · 
ways~', " IJ:h({\~l:iole :'ot:.tlie;space ~etw~en:·tb.e -~uiih anifsh~It~li~decki~· "... 

·· ~ot,·iuea~~~4: f~r :~~age: '; ·The_· sh~I.tef~de~k¥. s~il:t~l~ fO,f ~h~nfihg·,-·, . ; 

. ··m(~~~U&'m ~~p~;;;;I];,:~~~;~~~;7~f~~ 
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PLATE II.. 
. ' 

' . 
TYPES OF VESSELS, 

Turret Deck . 

Open BulwarA~. 
_, . .. 

Open. · 
BulwarA 
R:il 

'· 

~Double Bottom --~ 

. ' 
• I 

} . 

./ 

!ll:tt1> CONSTltUC'l'ION AND lftrl'L.'HlS. 

REMARKS ON PLATE II. 

The roug? illustration facing this rr;atter (the upper drawing on 

the opposite page) _serves to give a rough idea of a turret deck steamer. 

The lowe: part is much the same, but the' upper .part of her constructio~ · 1 

·differs considerably from the. ordinary types of vessel shown on Plate I. 

Note the curvat'tlra at that part of the vessel called the harbour 

deck, and the much reduced breadth of the vessel at the turret d~ck. 

l'hes~ are strong vessels, generally built without any .sheer, and · 

are said to be good sea boats. , They~r~ very suitable for grain carrying, 
as the upper or " turret " part of the vessel i.a an excellent feeder for 

the lower holds. Should there be any shift in the " turret," it will 
not ~ake very much difference to the trim of th.e vessel. .. This remark 

also applies to the trunk deck st.eamer shown underneath. j • 

... . ' . .. ;';' -'' 

The turret deck steamer is a speciality of Messrs. Doxford of · 

Sunderland. 

· The trunk deck steamer has some features in common with the 

turr~t deck steamer. l~'or trimming purposes the " trunk " has· the 

same value as th.e turret. The deck and sidet. however, meet at an 
angle, there being no curvature as in the ."turret" vessel. Bulwarks 

are 'fitted at the junction of deck . ~nd side . . These differ -GOme:what 
from ordinary "bulwarks, 1being designed to allow. free _~gres~ of water . 

from the upper dec!~. Sometimes a ''rail" .only is fitted. · 
, 

The ''--tru11k" system is due to Messrs. Ropner &~on of_ Stockton-
on-Tees. -' 

-. 
An . excellet~t .detailed ~escription of these two types ~f vessel is 

given by 'l'!!omas Walton.)_~ "Prescn~-Day Shipbuilding" 
'~ .. •, .. ~...._l. ~ ,- ' -' . i ;;· • •• 

.. 
"' . ~ 

::. ~ ·:<.,, . ' :~: 
t_... ~"'.;~ "' 

-. 
/ . . . 

-. 
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_PLATE ·in. . .. ) "'· 

. (',; 

,l,IAtF .Mmsn.rP SEc'l'ioN, 

ORDINARY FRAJ\ttN<l . 

)IACINTYR'E: TA..._N~. c 

- BAR . KEEL. ~-

' ' 
~ ~- "1. 

-~-~;~ .. 

t. -~·· 

"Rt~-/l · . 

·_- ./Jtt/tl'ftrk .Siay .. ---r - +Eult~ark 
froT1 D.,ck · _ 

;-:": ' fa, ~~"; ;.·".' '"·;•<:C.o'i'"•"'-""''~ 

'· < 

• ;-:-' .. t; 

- '"·.: ... ' 
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REMARKS ON PLATE lii. 
~- ... ' '!:' . -·· • ~- l_ --;:-- . ... ' .. - -;.. • ,. . •• 

This is a rough illuatration 9f a h~lf rilldship 'section ' of a s~all ; 
cargo stea~e~, with ordinary fr;ming: . The si~e 'of -the fr~mes r)ljghjl, 

be ab~ut 4! by 3 inc1ws b): .;-u._ of an inch thick and the rev~se fram~. 
a little 'smalle~; b~t they ;m;o£ cours~,~~;y with tit~"~iz; of ~h~ ~essel: ' 

. ~ . . 

The. shell plating is _the raised and sunken ~trake ;:;ystem_:that-is, 

each alternate strake is-an inside and outside one ... -
f . ... • .... ~, _:. ~-~- · .. ~- " • ... ... ,_ ' .•. '·· ·. ,__ . -~~-

~- 'One _ ri£ its-' ~e<lial objEicts is to. gi~e a~ .idea ·or a. M'Intyre' wa.ter _' ,_/ 
balla~t:tank, .nariiea·'a'ffe;M~. M'Inty;erwho deyi~ed:'a~d fntroaiic;d:i~: -..-~. 

The " margin .P!~ta '' _fpr~- the side ~oun?~.~y of the tank~ and _ ·. 
the water ballast isof_course'carried in-between the inner-and outer -
hutto~ ~f the ~es-~~1. .. . ' .···. ~· · : ·: -, . :· 

J ·~ ,_J' ~ 

The h~-iri; ·· and re~er~e~: frame~ are_ cut" at 'the -nl'~rgin plate,' bUt 
the·transver~~ atfe!_lgth of the ye~sel is ~aip.taineg. 'by the two bracJmts; 
whch:'"'ari/ ~efi"!ri~e~d ~-p. ,• . / !-'· ; . '. <;"' _., _ ._,. __ .' - -..:, 

.: . . ~ .,; ~ _., .\ 
.;~, ~''' -f· .~ -~ ~- _:;.;, :.. ~ • ; ::...; ' •\ ~··~ (~ ·•I 

· The inner bottom of .the ship, which. forms the top oi the ball:tst 
tanki~ supported. by;longit.'ldi~al'gir~ers on toi~-ii the ~1.-eve;s~ fr~fit~s. 
ii~.il ~~ois: > ·- <';-~: .. ::~,;'- ~ · ;~~ · ·, · •. ;~.'t,~ ~::c. - --·· · 

·~":-;t·".- \ . 
.c., . '., 

-~1 

{':·• 
:·!' 
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Fl7lar 

SHIP CONSTRUCTION AND FITTINGS. 217 

REMARKS ON PLATE IV. 

This is ·a -rough illUBtration of a half midship section of a steamer 

without hold beams. The-loss of strength caused ~y the absence of 

beams being compensated for by "deep frames." These frames, as 
the name· implies, are wider, and therefore stronger, than ordinary 

frames, but not as deep or as strong as " web " frames. ' Their depth 
might be about .10 inches. ,. 

The ballast tank arrangements are also different to those shown in 

Plate III_. 

In this vessel the water ballast is carried jn the double bottom­

that is, ~etween the inner · and outer bottoms. There are several 

different designs and arrangements of double bottoms. 

:- In mo~~- case_s the_ floors are continuous from the _centre · girder to c 

the margin plate; and the longitudinal plates are fitted down inter­

costally between them, the longitudinal plates are then called inter­

costaL plates. · 

This arrangement divides the vessel's bottom into squares or cells, 

henc~ the name'' cellular double-bottom." 

'It will, be . noticed th~t oval-shaped holes are cut in the fl<?or~-. 
These holes serve a twofold purpose. By taking soX:U:~ -pf ·the plate 
away, the 'structure is made lighter in weight. The holes are also 

necessary to m~~e . th~ double b~ttom accessible . throughout. . 

The fla.t~plat~ keel, as the name implies, contJi_sts ~{'a flat plate, 

'about ;:tni~~h ,thick in la~ge v~ssels. It is. not so strong as a bar keel, 

but has the advantage of givi~g' the· vessel less draught. The longitu- ., 

_dinal strength of the vessel is maintained by , the " centre girder " or 
I' _,, .• _ -~ 

"centre th.rQugh,, plate." . ' 
7 

. • ' ··: .:.:':><·~-- ',~ .,,.-_-.. '"~-": 

' .. ""'!'( 

- ........... "'; 

-: 
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.REMARKS ON PLATE V. 

This drawing shows a half midship section of a vessel without hold 
beams, fitted with " web ;, frames and corresponding " web " stringers, 
and _diamond plates. . ' .... 

!'· .. 

A "web'' frame consists simply of ~ wide plate attached -to ~h~ :_ 

shell plating by a frame angle bar, and stiffened on the inner' edge by 
a, single · or double rever~d angle bar. \ ·-· · 

,Th_ewidth of a web· frame varies fr~m 14: inches in small ve$Sels 

to 42 inches in large vessels. ' 

.'Wl!en the vessel has a celluh~r double botto~, the web frame is. 

efficiently co.nnecte~ to ~he margin plate. In other cases it is lapped 
against the floor plate, or connected- to it by a " butt strap." • 

<- I 

·Web friUileS ,and stringers are connected at their junction~ by a 

"diamopd .plate." .. This _is a diamond-shaped. plate of . the thick~ess > ,. 

of the web frame. tt varies in size irom 24 by lS inches to 30 byj4 

inches. If the web frame is _ c'ontinuous and the side stringer ~nte~­
costal, the Jong diameter of the diamond plate is placed horizon!al, 
and vice·versa. Sketch of diamond -I_>late 'on opposite page._-. 

. :i ,r. ' • • • •. -~ 

Recentfy the use of diamond plates has been largely discontinued,. 
and. ~trap!! of a di.fferent shape have . ~e-e~ fitted ins tea~. · 

_·:... ' c h •·• "' .. ~ 

A "side bar keel''· consists of a. con£inuous.vertical plat~ ·extending .. ·· 
.- . ._ . -· . •: .• - 't 

from the under side of the keel to the top of the floors, and 'sometimes 

continued ~o .as t.o form ~ par~ of the main keelson. A bar is riveted 

on each sided?i this plat_e. at its lower part, th~ collective thickness of . 
: . ~ . , .. -- ·- .~ - ·e . . -: t,. .. ~-" o:. 

this middle line plate and the side bars being .. at least equaf ~6 the · 

thickness ~f an ordina;y bar .keel. The gar board· plates are bent ~d 
riv~ted .to · th~ side' J:>ars and ~ertical plate. There are thu.s five 

thiqknesses ~ive~ted_ to~e-~er. · 'This ·is ~ • very efficie_nt-arrang~ment;- but ,,<: 
not pften g.d~fed~ ~biefiyin :'dori.s¢;quence of the expense o(workma-n~:.;LX'i. _ 

• •· •• ·..- ~' ' .... .. ~- _,. • • •I. ', .1,• . "' • t ~" 

ship." .. -;... . . i. • ·,c . • . . ,.,- .;~i:;-.. 
' ' ~ i • ·- ··;:tf-,c. 
~ ~ ~~ 

'·• -~' 
··'' 

~ 
. ' . 
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REMARKS ON PLATE VI. 

Figure I. gives an idea of an ordinary frame and reverse frame, 
showing them riveted together. · 

The shell plating is riveted to the ·frame, and the stringers are 
riveted to the reverse frame. 

The flanges of the reverse frames point forward in the fore body, 
but aft in the after body of a ship, t~e flanges of the two midship 
reverse frames therefor~ pointing away from each other.' .. 

In ships of recent construction the necessity of riveting frame and 
. reverse frames together. bas been over~ome by using Z bars (Fig. II.) 
and channel bars (Fig. III.). They come to the same thing as frames 
and reverse frames rolled in one, .and save weight and workmanship. 

The frame space, that is the distance between the frames, varies 
between about 2 feet in small vessels to 3 feet in larg~J vessels. 

A" web" frame (Fig. · IV.) is simply a wide plate att~ched to the 
shell plating by ·a :frame angle bar or bars. Iq large ·vessels it is 
generally attached by two angle bars, but som~times by olily one of 
heavier make, and double riveted. In big ships it is as much as 42 
inches wide, and over half-an-inch thick. 

The inner edge is stiffened by single or double angle bars. 

The ~bject of a •i w~b " frame is to give extra transverse ~trength 
to the vessel, to further stiffen .the shell plating, and to give. increased 
rigidity to the whole struct11re. In vessels of ordinary ,!raming, each . 
4th, 5th, or 6th' frame is sometimes repfaced by a " web '' frame. 
They are put clo~r together in the wake of engine a'nd holler-rooms, 
and large hatches. -~ , 

"Web •• .. frames ar~ always associated with "~b" · ~tringera . 
These, as the name iniJ?lies, are wide stri~ger plates, also 51tiffene_d at -~ . · 
their inner edges by angle b~rs, and strongly connected to the " web " 
frames by " diamond " plates or other efficient means and angle 
bars. They cqntribute longitudinal . strength and extra rigidity to · 
the vessel. See ,..s'ketch of_ web st~ii\g~r. web t~ame, a!\( diaittond...: 
plate 'on Plate y;-,.· ~ ·. >_ ' ·.. ·~· · . · · · .···· '· ·;;:, :_: .. 

" ,..-::.1'- · 
·' 

~ ·. . ' 
~-· '. 

- - .. ...:__ 

... 

', 
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REMARKS ON PLATE VII. 

Beams, in conjunction with their supporting pillars, though some­
ti!D.es without pillars, are put in a vessel to support the different decks, 

to give transverse strength, and to act as " struts " and " ties " to 

the frame heads . 

Some of the differ.ent types are shown on the opposite page. 

Figure I. represents a· bulb angle bar. It js simply an angle bar 
finished with a bulb. Beams are sometimes constructed of angle bars .. 

wiJ;hout the bulb . 

Figure II. represents a T angle bar finished with a _bulb. It is, of 

course, heavier and. stronger than the single angle bar. 

· Figure III. shows a beam of the bulb plate and double angle type. 
' ' It consists 9f a st.eel plate _ finished with a bulb at its b9ttom edge . 

and two angle "!?ars at its upper part, the whole being riYeted·through . 

Figure IV. shows a beam composed of a steel plate finished at top 
c.-and bottom with double angle bars, the whole being riveted tb~ough. 

F~gure V. repi·esents a beam rolled in one piece. This beam, also 
the one shown in. Fig. IY.; is very strohg, andis used in special cases 

where_heaYy ,weights have to be borp.e . . 
. ' ' 

Figure Vi represents a channel bar beam. It is · ~ow much used 
\ 

\n, la.r~e vessels: 
• - • r -,.:' ~ , ~ ; 

~eck beamsJlaYe USUally a " round up " or " camber,'' both for 

~h~sak;'of th~ strength thereby obtained as well _ as'to assist ln fre~ing 
~he deck of water . . The round up of the midship beam is generally 
about'! inch per foot of its le~gth. L . . . ' .. ·. . . . . - . ~ . _, ., 

', 
.. ~- !t ··" ' 

. ,. ~ .. -· ·...: . ' 
,-r.r 

'' 
:4.· 
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PLATE VIII. 

TYPES OF _8TRINGERS. 
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REJ\fARKS ON PLATE Vl;II. . . 

A deck stringer is a flat plate fitted fOl!ll? 'the f;)des of the yessel ' 
on ;the top of each 'tier of beams, and riveted to both the beams and 
the shell plating. 

·., 
The functions o£ ~ deck strl.nger are to assist in .connecting the deck 

beams to the side of the vessel, and to stiffen the. shell plat!ng. · It 
also . contributes with i~; angl~ bars ~onie_Iongitudhl~l spreng~h~; 

}:.--- .• :r 

The upper deck .stringer, with its two _-a.!lgle bars, serves ~Iso ·to 
forni a 15utter and watertight bound.ary''·to the 'deck; and provides ."· 
the. means of efficiently fastening the deck ends and margin·pla.nk's: 
(See Fig. I. opposite.) . ··.. .. . . . . ::.: . 

Side Stringer-s are formed by an angle bar or two angle bars riveted . 
back< to back. . They are fitted on the inside '<?f the frames o; -reverse 
fram.es between the lo~es~ tier of bea~s· ~nd ·the bilg1: keelsQn. The 
function of .a side stringer- is to stiffen the transverse. frames, to hold­
them in their c~rrect relative positions, and to pre~ent any tE)ndency 

' -to tripping. If of large_ size, they also contribute some longitu!linal 
strength to ,the vesseL 

Bilge keels~~ and side kee!,sons are pr:t<:tical!y the sa~e thing_ a( 
sid~ stringer.s. ' · · · ·- .· .., 

·' :~~ 

Bilge .keelsons a~e fitteJ at th~ lo~er turf of the .. phge on ~~~h sid~; 
• ~· \ \ .:;'. * 

Side j{eelsons are fitted on. each side of -the middle line keelson, ·• 
about rrudway between it and the, bilge keeisqn. Figure II. opposite:_ 

'· , ' . . ·. \. "" . . .r.;•· , . . • . . .... ·~ 

. sb~n~s . sid'e'. ~tringe~s, ~t13 ·.',· f:n a _.sm~U v~ssei-. 1: ~ri \arge:_ vessels tlieY arEf : 
generally associ~ted With an inte.rcostal plate . 

. ' . . . . ... . . . . _,: : " . 

' For web strjngers in conjunc~o;n ~~th web frame/see Plate'V.::r 

-:t· ., 
'' 

"' ...... 
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' REMARKS ON SHELL PLATING . 
' ":-. '•-:" - '·. ·.' ~:.,.. \ 

,.. . _ The mo~t ~o~mon form of shell plating, called the raised and sunken 
plate system, or the in and out plate system, is ·clearly shown in the 
half ~id.ship sections on J;>lates-'III.~ IV,_:-, an~ V. It is repeated liere 

\. -,, (Figure I.) to make · ~he work more compl'ete. This system, in t~e 
~ase of flush flanged · f~ames, reqJ!ires th~ Jitt~ng Qfliners to fill in the 
spaces between the edges ~f. the inside ~rakes._ ~A liner is a ' piece of 

-steel fitted between ~he frame and the otitside stra.ke close up to the 
. ~dges ofthe inside strakes;,thlis filling up-the vaca:t;l.t space there would 
·. '·othen!!se- be, ·and makin'ga eyolid job. )See Figure I~ '~ppositft.·) · .• · 

·. T_he ends of, the_pla~~ il-re conn;c~ed_;ftn. abutt strap, generally on · . 
. ·.- the' 'inside, o.r ' by, ~: Iap~ing." ~ They ·are .'~aid ·t'o ' b~ "lapped" 'lvhen ,' . 
/ .. the end o£ one plate ~verlA:ps the . ;neit, th(t)Vo' plates 'being' secur~d , 

- - S t9geth~r . by .si:ogle; doubl~, -. or trebl~ ii-&~tffig; '~according to . the . size 
-or-the. vessef ' " '.. . . ' ·' - '.· ' ,. ' " -. . ·. ' 
, Figure)!. represents shell .plati~g fitt~d o~ .the ra~se~ ·and s.ur{ken' , 
strake system 11s in Figlire I.,_ but the plates }ire joggled:._that 'is, the 
outside strake is J:ient "at its edges. where it -larrCl~{on the insid_ll E~trake, 

, . .so, that _the _pl~t~ inay. tay cios~ · ~o the fran:ie, ' aid .. thmi''do f1Way with 
~~he .necessity" ·of ,fitting. liners. '" , . ;.·" .- · · · · · · ~ · 

' . Sometirh~~ the 'frame~ are- ·~joggled '~ ari-d the plates Oat. In that 
; ~a~~~~(), a ". liner:~ l.s not .requirea. -:i'he· j.Oggling is, of 'eoutse, made:.,; 
· of a. il~pth equa~_ to the thickness of th!il plating; so as_ to I eave a flush . · 

. . surface·· on w hicJ:i to fit th(} .'outer str<tkes. _ · ·• . · • . . · ·. . > ·• ,-, ' 

.· ·'- .. The~p;;ct'i~~' of joggling ·ii a grdwiug_one, a~it !las' the ad~ant~g~.:f-.:_Y 
of saving w~'fght, and diminishing the number ' pf.thicknesses--t~ be:\ . 
fitted &n§:_riyeted toie~he~;" •· : ··_,_•. . "·· .,_, ' · · \ - · · :. ' 

. , Both .· th~ ·'l,~ove syst€ms are . sometimes .cal!e<i clencher . systems · , 
, ' altho.ugh they_· haVe raised: Of SJ.J,nken Strakes, 'and. the pJat~s , are fitted , 

, -difl'er~ntiy to. the. plan.lp! in a dencher-bnilt.-wo&en -boat> ., . ,~·>. : 
.· -· . . ·~·· . : .. ,- . \ "-:' ., '·- '"' '.;..- . . . ;: ... ,• 

-1 _· ~ Sorne_; C?.tth~ iM it<>D; .ships !~ie plated .clenc~~,r . fasB.ion, : t~e pl~t~s ,, 
,;,-- bel:~g a~ranged ·i:rq __ be sallle>t._~y as i.t -lioat'spi(l,nks-that is;· t~tdowet_ . 

edge of eaqh strake of plating overlapping the upper edge _.of.tlre 'next:.c ... ' 
· · strake belovi it. / This sys~em invofved the use of tapered Uner-s~ . These: 'J . 

!<• ,'tapered liners W:ere-more _e,xpensi~e :0 prepare? !!-rid w~r~ ·generally 1)-0t'-: ' 
·s·~ well fitted :~ _line~s. gtp~r8Jfel tbickn~ss( rhiS:.sty~e of )?.lathi:g ':. 

'' is ye!Y; :ratel~·:semi'~w~dll::ys. · · · '·. ~,iz~:i1~:-· -· · .,., .,- ,·- · · 
f 4-- . ·~ 

~· 't .·:;;,~t'' )r <:;:· • 
~: ~; fL:~~~~/'· ... 
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REMARKS ON RIVETS AND RIVETING . 

There are several forms ~f rivet~ employed at differ;n~ pa';ts o! th-~~ 
ship: ; the most usual being the pan-head rivet>showrrby" Figure I. . .~ .. . ~--

opposite. 

H_?les are punched in plate~ by a punching'· tool. The hole. thUS' 

made is of conical form, being sinallest o~ the. ~ide on which. ' the 

punching tool first enters. · ·Rivets (~r plati~g\ar~ t~~refore· mad( of 
conical form under the head · to efliQiently filLthe hole: up~ -~ , 

-~- '- . . . --: 

'-They are inserted the opposite way to whioh the punchiri_g tool 

went, and their po~nts are hammered up eithe.r tf! the "Hush," ':. bQiler . 
point," or" ,snap~'~ form as may.be r~uired. ··(S~e Figur~it ~ppo~ite.) , 

~ Th; point rir h~mmered-up~nd ~f ~hfrivet ktermel the;-;:• bat." . · '·' 

Figure III. sliows. a snap head Jiivet. T~is type of ri_vet is al~ay§; 
. -.. c.- u~e<l" in connection W1th .machine riveting, and the "bat " -is~ alw.a.ys 

finished off "snap" form. Figttre IV. shows the finished j'ob. · 
. ~ • - ~ :~ ~ ' ·, ,..- }..,.· ;. • . ~ •:_~- ._... : ~ ......... ':. . ...: .... ,·:/-;. i~ - ' 

··The diameters of rivets vary ~ith the thickness of the"' plates ~ l?.e 

riveted together, ·. In shell plati~g. a ! i~ch,.ri~~t-is gen~rally used i~_; 
l i~ph plate~. ='-\~ · • . \ ' '? 

'<_,\ 
The ·spacing of rivets varies with different kinds oL w:ork.' It- is ~ .. 

expressed in t~r~s of. tile diameter . of the rivetS.. ~ · The ;pac"e b~~;Veen , . 

the 'rive~s may y_ary bet\V~en ab~~l{.2! anq · l:il di\.in~i~rs .. ;. I~. si~gi~'::' · 
riveting the rivets are s.Pii~ed closer than J.n double ot tJeble riv_et.tng. · 

> ~;.- 0 ·~ ,... ,_...... ~A_:i 0 ~ ,. 0 ~ 

, . . ~ 

.· . .. 
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REMARKS ON RUDDERS. .. 

:Mos~ modern sbips are now fitted with single-plate rudders,. which 
are often called centre-plate rudders. Some, however, have balanced 

rudders. {See Plate XII. o·n next page.) 

· The single-plate rudder shown - ~pposite (Figure L) consists, as the 

name implies, of a single steel plate, the plate being attached to the 
main ~spindle by means-of strong · an~s, · fitted al~rnaiely on opposite 

sides and securely riveted.· .. 

The plate of the rudder varies in thic!mess fro~ about ! of an inch 

in small vessels, .with a rudder head of 2£ inches, t'? nearly 1! iJ?.Ches 
in large vessels requiJ;ing. rudder heads 15 inches in-diameter. 

The diStance between the arms varies between 45 ,and 75 inches. 

~he lower part of the rudder is coupled to the upper . part by 
means of flanges _and bolts, as shown on opposite page, or by-other 

efficient means: The object of the coupling is to p'ermit of the rudder 

being unshipped without the head being lifted or its conne~tions to the 
·-;_fter steering gear being disturbed. The pintles -are removable, OD,e 

of the upper .ones being the lockipg pintle. 

The double-plate rudder (Figure II.) consists of a frame, plated on ­

both sides, The plates are riveted to the frame "':"ith through rivets, 

which should have full snap heads, for when fiusli ~iyeted it is found 
that they soon become corr.oded and loose. It is vsuai to fill the space 

between the plates,with wood. 

Th~ pintl~s are forged Oll' the rudder frame,. .l'nd a locking plate . 

fitted on the rudder to fill up the space below the upper gudgeon, a~d · 
thus preve!}t the rudder becoming accidentally unshipped. 

The weight is bor_ne by the bearing pintle ~t the bottom. whicq . 

stands in the -projecting heel of the stern'. post . 
1· 
' .,. 

,. 

.. 
.. . ~'' 
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