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i tn ra s 1.i a in 7o- 7- z);uzd 'e u eoio

we Id in -z;s ~r 1ruueD :e 1.d d Jli t z uroo r tLes re-7,iiec -n -c:~
Zt-e -rese~-z 1,ook. e,:o rt of t-e s:, ol e s z:-t eao

toteSh5C 7Ths-oectic-. 2u,_reaQ for aooo r te:. can :be used.

'h,---ter I! 7eld-r-- laterials

Se-ticn 1 ~nr1A.l~

2.1.1 d , eldi -mra l for 1v -and neiscarbon steel a' for low. .l'

stucursmust Taeet t'-- ruaentsscfidIn thlis hfr
muthave th-e cconol'ee etx;A znato.

2.1.2 Nevt weldinr mraterial s for h-ull zonstruo ti.:n .. :;st cc- ce-rt:aec.- ;'e
de::artmerits conc-erned, and areement muvSt be co,-tained fromte Si
Ins-oeoticn Bureau.

* 3 xamic~a ndtIrxaiito of -. eldin,, materials must be c-arried outl
an accordance :;ith the recuia4rements socoified in Thapter 1 an d 71 of

Book -il.

~zoes~~uof Specirens an-i "Last_;n,; etods

2. 1.4 D Imen sions and te s tI'n -, method s o f s oe cim er, ooc e Ss of1 t e sin :
srecified in thscacrmu--st be in accordance -,7t- thereue.ns
con-cerned as so)ecified in 2o:ViI.

Section 2 eldlntg no,:dz for 'ianuel IIsrT c.ea.:

2.2.1 Each bat ch of' -vel din;- rods must be fabricated ircm the- s -,. batcl-'
of :..aterials -)f the 3~m izor: d __'.~z sw he59e a:ac:rn

ceo~niae .he 0:;o7: f each batch - oa s.-- iz' not xce

0.2.
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s-)l o:e c-case. se313

drn rods t: either use Z;C.:2 ':o ::733 -'*los, S o. rc~e
sho -i Id bje -sed.

s s S - ,.- i z;sj -ed z a1I s nd old ; i - s to2:o n s
w;vel1d e d o±-:.s - cn e suje: to -,,u:o re w Zero cO to

7,U 2r a o;-r o f e5~±I fe o : stin!,

.o. )eicen S :. 'r -r,2 ah dzr-anran! c i- 1or. t3 be *e 1 ed and e r
:a e c Ianico1oa >rte and chconioal oosoo of tie.-osi--ad elS
an'd v"eld"d in S- r.od~e eur:eno zof.~j
2.. bel-w

n1'ot less f, t-t
AIeo 'ioa ?ro >3ties 10 n.;zost

(kis/min) 6. Y jikr/cm,_ ___ _________
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(1)~~~~~o Thicnes a: sale sloo sh2l be o in5 accordaa it ibe of.(1 c- w

tin s -'nete-,w_r of eld , In; l~ rods. Thisidess arf ste'e slates

3.2, 4.0,i wi 5.0tri 8-12_ s )o)sd nt, bo.,2r eti

6.0,er I 21

(32 t eselrti: 1 c ten a i1 siislAi1_v 1 ins is first -- rlido te
side, wit c-cin- no-!L -cns lo lc ini the d c ine of::e cat-ro

weled one . 2. e sid' hee s -v i s d wbe -oIn- arePatas.n i -n on OCCOi
diectizn of the irstv s -,eIig sits e: nCn c x i le eua o r t)

tines th don 4 ftewla 01?~sdsaet ewle ot
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0 of zo ' nsc i r

0a'Z7i-1 VIC-- I dfS1,i- 1 Cf 2 r, S E se .. 1 :
£ rer

3o ra d beams a n s d e s eams z~ 'ni an - in I

J i. ornqr vela cf she:,er szrza ke of th1re lerc:sthn : he zil prie -han --I
LLan corner f ;3 1d of. s ntr d ueo soze 2~a to :t'i L~ ' n ~ an

~) -at sten s, derr Ick b ooms, and i feboat -onrs andz 0 toner co n- n-rSs Yoh et id
to h,?wity loads.

( , ,L c ~ o k S ta n iS;

~7) .1n e nin e s e).t in amd it1;s cion e on~ St 1 onno

~) Steam boil~is and L3,ade 1 and 2 or-ssure vessels;

()Stems, s 75rt!_-osts, and transms;z

'.) -achine oartzs a:of agn ldL-pact loadi, and heat stress.

S e ti L ra 3 .edn Sorips and Flux of A oai nd eia-"-

Veldin, under t-e 2lux L,-iyr

'he-ricai Ccmc~siti n

2. 3.1 Chemical comooiticn of -,velding- strios :ou.,st -ieet theri-o--
sozecified in Table 2.3.1. -j a~e

s)...2 Chemical analvsis su=cimens of wedi~ trio 4 h rl be. Dsn

each bazon tcodn o t he ncmbco-.r of budls bu~t not 1a
bun-dles), face rom Lhe two ends of te lhgstrins c o n~~e
Anarlytic-l results f or 0, 6, and 1-shojld zse certifi3d a--ordr.r -ocmoition 'of each -and of --he strio, and teresuls of -. e 'ont

sceldbetaen~ro te vear oaluz! of the t-' ends oi r? s7r_-s.
if the en rici:ezults -_-:e an itmtic.t does rco
t'.- ._iauaified elemer.ts2 iz -ermitzad, zon .-ic the

stocicnn _ m nas'-izad s-trio:s. -nose Z*hoc-, are sz~lio-'
oo~i.'snave ~. ~ ~'dcheminal :eo fez iri a-

selecting'z fl-. i- ally :oualif'; for use.

2 . V-1 Con _rnin: the caroor o Ln eli.sr.s if the :7a nufaczuto . Olarlt
cooe an os -, er-:, % nt e c hemi Cal c ;tentS of S i anad -nme al

r .e uo~i i cur e:,-. n_3, n 1 y tn e a n . s cf 't e Soeso
isre ir.



C1 S

S~M~ C n S i Cr Ni

H08 <0. 10 :0. 30-0. 5 0 L3 <0. 15 <0.30 0.04 0~

___08 _________ <0.1 j0.30.-0.5- <0.1)3 <.0.10 <0.23 0.03

Ho~i 0.10 0.80-~1.101 -<0 0- <_O. 1 <0. 30 0.04

H 08 MnaA <-O 0 10.80-1.1c, -00 0 < 0 . 25 0.0.3

H1jOMn 2 j 0.12 !1.50-1.0 <0 0' ~0. 20 40. 30 0.04

SHloMnSi <0. 14 0 0I.130-- 0 0.20 <0.30 0.03 ..

it HSMn, 2- SiA _<0.10 1.8-2. 1 0.71-0.95 < 0.20 t 0.25 0.025 .

Carbon struiotural st-eel \2 Lof alio-v S-_r.1c-ural S

4 'e cnbimi 1 -,n o I flu,-x a:,- ed ing s P .re1:_ a -CD a t Z.0 .

m'cha n 'Cal 3orie f th7ifeeta rn-r t.~ enJ3 .'.3'

bendsve 't ex-ensi on ratiD a nd_ im ', a -u-1o - S D5 f -do

nietals of--e result of t he C DI 4na, on as -,%ell asbnC_'-a-t
of: bu-1 e jo:flift3 sho-jjt n ee-t -- e same re.ir. ,n :- a' ~~r3

2.3.5 1d I n r -.js that s~:.. se d. a r a .c. s o"' ,. D r "ef 'ln s Ias -- " - : n ax
combs i'atlon s'hculd use a.c. smurce d-;r -.

2.13.6 Dehydrogen-ation treatment of tensile te..st specimens --f t"-e de:,-Dsized -rrT.eous

and th-e cold bending sceco-mens of outut jointS shoizld be carriedo-, o it
wccoraance ,'Ath Section 2. 2. 2( 4) of -.- is c'nap oer.

J2-az)ter 3 .--.aller't ruu1CtuD ue

seot~onl 1 ZU t t 'iel i1:x

Bevel Tyoes

..1 :n -wed ig mtDrials wiha thIncciess eC2Cwal to or less th'an If
-3r 1 :'n I e 1 1 1ldab 1e -In f I Il oern r a Z, may b e waeld et Z' 1; t

be -:el ingr th '-t- Clat e ; ma terials w;ith a thickness exceeding oot
should be ore-Dared for .,elding- acaording- t:o diffLerent, -aeldirng orocess,
may be w;ellded '-y th-e sing-le bevelingr or doible beveling m3eod d-r1
types aybe de.Ermined Icolo a- te -ork siztueation.

3.1.2 7f the a-eldi_-.- orocess selected ?an insure l-rer'tD.wlsof --he
entire thnizknass, .oevel t': Oez are not 1iited b,: the- renuire:nents sseci: ied
in Section 3.1.1.

3epaling Iel1d

.d.-C 3 in a Jd:t.LDn to the sp.Xcial do). ble be-mn eld teoh.-ni;ue, oth er rt.DSfur
:utS wednho'uld inclu-d e the sui~ wea. eI

~r~n i i de~rmne thr.sea!i:1 :''2-dCnnot be carried -t tl '40-:
welt--' - :.-.eS r ;e us-ed to insure f1 '---~~~ ~h~tikes
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Section 2 Cor'jreld

.l 3,17orner w.,e'Ld for hall striztuvres, in idtc o other o l
rec-iiramentz, .3,--n be~~l'e selec -c-id cr .uSe accrdi

Corner ie~d WeI
e. tij h DO

Double

1 Continuous
1 ld

Interi tenTj

with



A'reas for soa 1oo:. )Ztn if;Ilet n~lray b-3 de-, -ai-ed - o v-'*r'
desi -n, 'bu-- -,he oi;inar-c-s should noz, use soallonedin enf t
-melid:

zl-i *ihn th e a reaa 3. L f r c-,- te ste rn ard v t>," te ft oak

( ii-thin com noonrns vt reazer r 4 id i -j

\~3) r'ne entire brac.-en-, arnd enis Of beans, franes, c' tuia~

atnd -aithin ar -ea _ 3:r, ne t-,,o s3ideS nnr 3~ Cono La ~tset

Section~ 3 L ao-. [iel.d

A i -- abl1e ngi ;e

*o 51 Lao wield shou-ld not be -used for ;ieldin6 :naJor strucares )f shric .l
but weld si-culd be. sed.

.Lao "eld 7%idth and .Ielding- Dimensions

2 If lao weld is used, its law-. wid tch h shook meet a '-e -euiremoenzs lis~ed
~elo~; alo, te weldin j dimensions of the two lointed surfaces o f -,he laz wl

shouild be in accordance -,ith the r-o~uirements o: ' No. 1 weld soecified in :2able
ah '3( (a, ee b =28 + 15mm; bu;t sho-;ld no, be sreater ta50mm.

Ln the above formula, 8= th-e thickness of the thinne r block
oiate of the laooed 4j*Int.

13. 3 The lau -aidth of the shell laze an' -,ne for~ed steel st;ernoost soul
be specialily considered.

Section 4 Plug 'eld and Spot 7Held

;'lu- -7eld

3.4.1 Under soecial co.-ditio)n when olux -weld is selected for use, it is su,;eszed
that such welds may be soaced according; to the d-4aensio3ns soecif'ie-d in Fi-ure 3.4.1,
in or-der to satisfy the requirements of sufficent root ,,enetr-:Lor.

Circular :-lug 'Held Slot Jeld

wh~en 6<8mn,, do not I- can be ~n:u ccin
todii-

hb...0.C 0 t S~



Spot .'eld

3.4.2 PJhei.spot ;eld is useld -'3, welding- secondary structures -,i4th 01lates hnavirit
a thicia-ie ss les s than or equal to 5 -na, izs S~o : we ',ld 'dianeter d and s tOt weld
distance t sho.;ld sa-cisfy the rcrennssoecifiead in Fis-ure .4.2 b-3low:
So-c wael. t'res may be ei,;her sin -le surface or double surf.ce nrsc1~

Un,.ible. 5lrae d . icLm t~5 8 6nbrie S£rfaoe
interseczi, s o- Vea soot ,,eld

Figure 3.4.2



Chcer 7' :[l1in 3f ulSrur

S-ct.Lon 1 G eneLral liules

St ructour e

'4. 1 . I

Il in 7-e various -.;elbe3d stutue, ;eldecd art~ ran--ero inr t- areoa *n
stress c-,ncenr:r-oes shou-ld be avoided; the olace where secztions : of mes*ra~
abru-j':l should haea sufficent; transition area.

72) n variOu~s weldIs, mar-u al, at aicor semiau.tomatic wf !--nL: of d'~o
;vlimu :o -0S 4.t Cn s -o; ic b e c o .scI dtr ed ao r use- w itnan tre rauu ra n!-e -Lo s 5 be

duri.w- ung -,; oi -cp-e r ato ns .

' 3) F:oriztornal welds for major h-ull structures shouild :aaiLai~n a fixed distanc;e.
.-oriztonta1 distance for butt welds should not be Less t:a l. m nd tai-nted,
arngle f.ormatzions should be avoided. The horizorntal disturnce lbe-tween uo 'eo
and corner welds should not be less th,,an c, mm.

'4; 1- butt welding mate-r his wihdifferent thickneszi, whv*en the th ic~ore5S is
xreqter than or ecual to 4 :7,m, the ed.ges -f -the olate s-o. d be scarfed, mkn

.to nave a homogeneous transition. The width of thle scarf should not be less
tha, n 4 time s th,-e thickness.

4.*1.2 Jelin.- -re aration

(1) Before we!-inz, the oxidized spslinters, nmoisture, o)il colt an a:' ocher
ollutanos hatz nig7ht affec-L -- e Quality; of teweld sho ~ld be reinovec from, ton
roove edo4-es ciof welded parts.

(2) Groove tyc./es and fitting, gaos of the wel-ded edg-es sh.ould meet the5 rec-uare-
ments socified on design drawin-s. Tack welding! that mig;ht afZ'uct the o lt
of weld and edge defects sho-uld be removed or correct before welding operations.

k3) Whnwelding low.--alloy steel Darts or parts with strong iidt unzoer
low., temoerazure con ditions, efftctive ore-heating and thermal orotecozive o-jerat:ns
shouild 3e ;)racticed.

_ .1.3 Tjioes and 6cantlir.Ts of Corner Veld of .-ull Stru,.ctures

(1) 4eld leg scantlinc-s of corner welds should be determined aocording- to tace
th]-ckness of th-e str-uctural osartts thinner zslate.

(21 Corner -.weld types and s:oantlin--s of dry cl rg O shi: hull szruonu- res sol
be in accordance with those s:)ecified in Table .l32 )and "able 4.1.3, 2,1

3) 'orner waeld tyoes arnd scantlinss of tanker hull structures, excec.t those of
oil -tau-ks, which sh-ould be in accordance 7h'tntose sc-ecified in 'Table 4l3~)a
and Table 4.1.3(3), should meet th1e reuuire-ae s so.ecified in Table 4l.()a n
fable .. (j.

oconoinoss~f eio e~s f cornr wd for oil tank dec,: struictu-re of t:anke rs sol
be in acccordance vi h te re-uirements scecified i;n :9,ble .1.2(awth an
an:ditiocial 1 -am in t-ickness for corrosion reolacemenit.



x~j 2cner we cycessri ss:nt~ins a' asser.2e3r snic Inuz srittre scw

3e inccordancoe -with z~s a" ~ -~sceci::ea .- :n abiC a.. ) ,-
aso -D 132)b.

iriers, :Yzes-, sren,-- tr' S-bs ew, s;na en,-s etc : a-
i].z-ofsect. oil 0- Various -m stzr c :r & s- e~

-a c ccst::;uos Stren-,tr 'eld cccor~arce tnse:-l"'-

v3) ',e nt"h e dif fere-3n ce - z-Z c e o e a'ep aarts s1 1 o' .--i
tn'r c orne r wel tue s arid oc ancl± in s s.-Id b:e specially cnte-



*k--z k-:kaz

k k k k
TZk k k k~ kil k k azt(m m) t  k.-mK

5-6 4 4 4 48 S

7-a 5 415 ~ -- 30 48

9-10 R 5 61 16 4 77.~ 5 4 46 T

-11-12 7 -61 675

13-14 8 6 8 t9 13 615 8 9~ 5
___________ __ N _____ -530 -15-16 8 6 9610 6 18 8

17-18 9 7 10 ~ 6 6i 69I

!1-22 I11 8 1213 7 '11

23-26 12 913 . 1_ 8 I
27-30 13 104l1 1

4ed ethod

ve xb e r

-3: i in-, st~ e.~ sc ifie d in th- -bov D ,,- e cr 3 r
4n-o other rea uired inte-r:ittcn vield accociL 03 the u ~a
below, b,-ut the dist-ance of the zross szot::n c:-, t -e ,ve rd s-~l
not be r e at er th*-amn Sinm ; the P ler--oth fth rs ina
should nct be less than 75 na.

.- mm

In the formnular above, *,vh-re te I- iht -~f -e lb leo

seotto a: .n .i .

in tc o f table .; 1s

on-ierte d dio:o fteoo.
sectiorn of the -w-eld.

(2) lhten the thic~mess of the olate is grre ater than. 15,=a, the s--'eo7:-d
-'a. .5 weld shouild be changed zto the .4weld.
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errn hl ame v 41-nb

t,~;n sec .ij:io ano en"-i.e -1- I- -- b Da s e>

3,-~ Zafl- to

diate eth-ler ereas sa '

en~ne ca.ir--and undier

Floors in area frcn s e.7 2

Other arcas j 3

7-3erZth-. floors1 1

2~gnecmtuntanid area O.5~ 3
Bed olate :o tr

ther areas

2 roe nrder the axial bearing seat2

I ank tco Olate ln-ine cornoartrnent area3

Lr~her area's

Floors

3 .xriers 9and Stifean~ *.. ,-ebz;

Sides of ia~~~oand oit~:tfloorsI

3Ded u.lat e pf eak and area j.25-7 from oe 3
s ten

C a r s eas 51...na n

4 Floors in area ;.25'L from steam ' ,;.-

______________ Chor areas2

-..ain enrilne seata:n; and undaer --'e 2
9.xial oearT seat

2ank too; cla:c r.I .ada T-5 fr -: stLem 4

.her areas 5
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ab le 4. 13f 3

- jee c-' 3irted z2ar-.s i

-A.

FarCe 1)l az;e ~

a nk Inner botton.1
mars n
pla e 31hell ola--e .. i o

o)ec-; n ..

2ar.kto;lt

,ls In al D.273Lfrmse
~n~iudi-Bed -,late ae rr tr

0Other arsas

SinLLe Bottom

Flat-,alaoe '-eel Inira rmse2

Cerareas .

S enter
. rfelson "l nors1

o at e 1r ansverse bulkhead .1

In a-r ea 0 . 2 5L f ror, s ten and 3

Face lateen-gin'e compartment area

Other areas4 1 _________

In area O.OSEL from stem ando

* edslteen~The c-rrat-rent area

~i eo 'ter ar ea s

a n ai roe r axial betrin': seat

Face olate S.nsine com-sartment area3

nr a:-a,-.a L f'rom stem 2 ar, d

2loors ~cr~e~ __________

Jnder axial b.r seat2

Face slate rae XSfrmsenno3
en~ile 2)r-el a-

~ther aveas 1
1-3_____________________

-Y-E woo
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Side §~I

iec-c ires :...CI~-reb&s~-

:n rx-3a &25 L fr ni ter.- :

She l ~a~edeed ta-s

:3late Shel 1 s ide) lon it ud i nal s 1

:"ace Olate

12 Side 2
1 nI"..* n area .5 'r-;- s~e.T. an 3

na', doub ell 2-K te dee n.,: s

6ther areas -

D-~~ed tanks, ~oil tanks ar,' it reeD.$.- re te

.aln frame, Ith
anid shell 1ec

aOe1ther are .s ____8___0

A~dista-nce- -,'mere e-
frame >ssom

Deck frames and shell olate

Inner side plate
'arzk siie__________

o4 sr a c'_e Sh3,ell idate 2

Face le3

Deckk

15 2 ek~t ----

Ira.S - F a.c e : ee~

double L''-

Deck3
17 ithia )d ace alt 1~-~-

double :ace____________

- 2~rarns';eorse ~

-14



mt :;me of' vcin-ted t-arts I~ 1ez a

18 S~rea~th deckc side -,1ae ani she-sr tm:1 a

19 Other deck side )Iste card shell -late2

rh-, Deck, shell udat7ze

)*f ~ Hold s--rinser or hac~a-rdbeams

itdFace olate 3-

Side- :ater T ank 5

a -;:z..al to:) :sla-e of bottsm h-old and C oz plate,srse
21. s del 3lat.e a~gis

-3. an

2. Lon 0 S -,

i ' as o_-

Dia:zo.Dal -s-d olate andi de-ok, sh,-ell Llate1

side Dc
taks Lotua~ Shell ; late 4

Dis.g7cal bed olat;e 5

do-ible ?1lateT

Faceh Slte4

.Jeckc c- nmJnj o J _ _ _ _

Other sections 2
23 am tinzgs '

sti~rer~rs erticle is~kt)'

.tori.,cr.al ,'c laIA
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he11 1

Transvese~ s7'in: z3e ae
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-' cer m oe o f Jo Ii £a fs

3rackets

Dez± s es

'1 e s S- ulId
ICutZ;ds a 'Sane

co-,i nu 1 c''cos -.- se

inside S3renr t'hened deCks ar

376 ta "C 'Jter up per decks 4 :nn Zar

Ln itei hre decks 2 1

Decks ~ ~ ~ ~ ~ ~ o :J 4aiu je,'l 4r~vr~ s;~ ion eio 2 dr. <m

Uf s

39asnk bulkh-iads and stiC~fariera 5 D)itto

17



.rnber 
-.m :---e e

3uil ;var'Ks

1~~ Iu~~r fh ho s t in, i

, ~ ~~~~~~~ T______ _________

ii ul r;.ci sof ;.in '~ 2 I

41 Bulwark t;Le nd stiffeniers5

R uddr

ToD ard boto b arn.- (r-jal.er c-arrier ~ s

412 Lrattrice Lattric e 2~ze

3Bos:o- oa-es 1 3
Osom ula--zs a', n aozc r,,an ce

.r, en zs
(Ui- z; .i n

-'~z book.
Crovpn plazes, bed zlates, guide plates and vertio-e-
laoztrice plates slobstituin: o rhe lwrrd

_______I I ~stock. ___ ________

3rac':,ets

44 j arious brackoezs1

.>te: (1) Double co;:-A. nzolis stran-- -ed shculd b carr-Ld -,a fo 7- z o
-- rders, f-lo.ors, sta.Ia rnvrs-). b~ans andlsgo :.
brackt areas in1 accordenoc wt requirtmnents s~eojIfied i this
Section 4.1.4.

2 Should use dcoKbe c:,ntinu-outs -. eld duriAg veld'.ng ra7r

18



2orner'~ oe i% ~ ir C r -'cuesof 2ar-'cer 6'r,;Lz

_ _ _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-L, e

Fla;- Ua~eL>90fl M

3ed PlaC.e

do~ a
o1 a s a e t e-S

Face ilates1 
___1

Sif femin-g eb s

4 Lt"niu d I.-a 1s anc d plates 3
Si-ic3 Stustures

*~9 .ehegh 1000mm 2

Oeb e Side girders1

Face :d)ates4

Sti~'ni'v-webs

.jr z e j h e l z ates 3 *



of~~~ Cond ia

7, r lame c e~jt f&gh Jo2dC-nbe

Side -~~eb I a h 7,ht

7 doG -b 1 -ransverse zulkheads1

'-'ace -.1at,3s4

SLcor itudinals and shell olq.-Irs

3Dulkhead str'i-t-iras

10 Siles c.-" lon-":tudiral and blnsrs ihlkheads
I.
1 3ulkheads 2

,,r be Site

Horizontal iuhed2
12. gid e a c za e s 4

weaos

*eticle 6irders and *iorizontal girders1

14 ~Stliffens rs anda bul-kheads of 1ogzdn and oas

verse ukad

Jeok structures

* Decks

15 ~Streng1h j Ltllajinal bulkheads
tranavers. I
baa -! 3 Deck girders1

F'ace 2lates *3

3t-*f nn Yebs

16 Girder Decks 2

Fab c 'ce olaas

31tiffenintg -ebs 4

20



oint u'eo 020:rs-:li4

17 C- os 1';3 aeS s and s'-er -a 2 1s7;ra-: -3 1

IS c~or ;,udinals and decks~3

40,zep (1) Double cotno s srenft? .:!ell' shnould be u sed 20o: ends of1 cr.oSs3 se3otios
of girders, floors, strer..tl zrarnsverse --eanos a lcn1gizud i--,s csd
br-.cket aro as in ao-oor d-ancc -with recui-e-ii. s-,eoifiod iothe oreSens:
Section .1.4I.

(2) iiceot iLcr saclarea tan-c .rsz -;'rhich ~. _usz :e:rre-.-
oth~er tan.'-ers shou,_ld use the Joible ::iuu weld.

Szeszh *'feld

1 1. 4 ,hn _1te4 -ten ,.-ld or sir.:le corntinuousi weld is selected -.or ise in
-. l l vr i :7s struictures, double conti-ous st.ren-th -,reld .-uy be u s ed Ln L

;foneo in accorliance v;it-,h the reiired leng-ths deso-7rcedslo.:

j~ orrr wld for webs and f'ace niates of bul-u ir-;ers, stren-,-th t.ranz7erse
ob-t-s, ind streng th framnes should be double cont.-i:.uous veld in thre brazke7; area.

( ,,ISren:th -edleng-ths of ends of girders, floors, szen..th orans-ersea bo u;s,
Lszre- - framues s- -- ld no:- be 1 _-ss the h aigh 6'zf th'-e -';e os. ho rr sidAe -_rder

en'ds of. intrcoastzais aarbe red.;ced.

(3) Stren-th weld lengtzh of zthe cross sectional ends of lonjgitudinals sh.-uld not be
less t.han one frprne space.

(4) 74hen cha-nferiti7 the ends of fr,3r-,es, its stren~th wveld lan.;th shLouia n-o- b--e less
n -an tne cn rnfering len7gth: .rvher. ah nis of frnuies are :asteaned b--'. s~,s:

streng-th ,veld leng-ths should not b-e le ss than -.eh-gh "-.te rns

21



(7)~~~ ':-:or 3-)nn ; : r-..-;., - :: - n:s Of oi

10 7-m ,3~-

:. 0ul one n s ~ 'Oz

--- >12min , < 75m=;

<I 2 m--m 50mm.

3a 0 0 C-. f '0--

fl -'r ,assa *c-

ne s sr0 f.1.S

Section 2 .ieldinG of 104i Jonts i~n --.Il~ te

~3tn oss sern_)ots, rudde stock<s, P0 id S wer S,;ft

4.2.1 *Ieldin3 of sternoost s, staryposts, rudder stocks, ind stern shofts:

* ~ ~ c r.o n'~r~ zr c-ir ri'nn or ~. .Z
-orr sco :.... - andi tlrro al crte o r.es s-1o 3ri ouit

'3) o v *-:n- after ~300;o 3 ;C: ~t~,r~:~ O

22



meV n C z zseL: f

r~~~~ a : ~ n

:3 rJ S -h k I

4~~ ~~~ ~~~~~~ 2 .,ra,:s 57 -r i- Ite.

n .e~. 3 'a rsel -S

_.ngit.on: z-a: n: ;i eoct; -i -;

1 3 -. s . I. :- r o v d m a-- n .o - , o ' a -a a- r -

wit:n sDt d~ I n cL r-, ofC11 cone 1v . (~c.l j ! -n a;r - Q

(5). oean f -s a1 o s~' 1 ~ ea~ enea ac. e eo be

chil be ez~ici L -4 -4a

Sm 7ll -z r c-so -- cs. 7

of Pdl .1 a.' 3 s of,"l.-.2 :u-I Z

iii ~ ~ ~ ~ n cmain to- nwat mai a.C S ~ ~ o "-- - -

individin sibo I2 'a" of nclecf -. aend s

-nld3 i ve ayn of -'- J - -i of -Jee an- es.i thevz;I ae: ~ r~ .3 e'-e

( zorner btorn : ii -1.i eesLeI
:n-:xcrsmall 'ald'_ -'- n.1 conzin: -.. ': e 3"~n-- cttse

inc df t o d d.- 1e d a -o iffc : e 'cottonl , 1±a~ -t b o.s r >'sa' s selct -3 s
rats-r vi sm4 l odiameter.s 5

of1gr :.e blun -k--ie in23 u



( r) -_ zo ne-r orces if' C, zbo !2cio:?- n

on o l o ne CU . S'O.e o a - alo c z ,.,

2) n <0 f a" C;-.C t.. e, r m s 1a - s S.- sed,

n~ re- h' n shczlai,, :av n a1 ret' 4'

-e n-z 3nnal i be single or do. 3oC r o- ;zD rocs Z ns_

(4m sf 7, sn o cen, tr- -*t ini se~t d:ok ?1a ;e5 h ozrner 3-

zd~teo.o e n--s o f 1:h-e ,37,s , n.- -3 e ock o I e Sh ul us e S 4 n 2-
tinuacos -veId, b-ut; sh d be .-rca-red wt utb

Chaoor - r~sezcon of 1Lull Stru.czcure blin

Scoi~r IIncecion Df oxzernai .. ciug-~ul

I *I or~c~ : ': 21 S..:c _o o~ -Z4± -n- s_:uuc:r~ .Ars

c z 5t: ."st .zld be r salireo2r arso-~ Z) 'e-r
3~if7 t ct cur.

c~l, *.etLI- ~:e;..c~ozoe: ~ura~ sCt~nai Zons tr',::c
S-a ir c': bfr e t.-;s o n -Lhe s13: r ;oiro soulz not Ce

oez re a.

Section 2 Iris-;=c-.ion, of Internal '- ic:.us

5.21 Z te r m a Cr hu1 -vldi i s com-0 let ea', irn a _4 c no seex-ternal ~st
ins oec cn , :.n Pcca " ,vit- Secti-on 1 of SC-z, tr nena

-. ~et, snould be crid cit aczo:*iix: zo :,-

a a alo -, n af in d: e lvel1s o f o b s'' r flo o a .- fein) cf
:7o-o a ill wc~ldo'r- exo t-ooe oa: scecial.5 shou.ld be in aor~c

te- -n,,.,. . -
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I ~e F .3_ _ _ _ __ _ _ _ _

eld ~ied in 6:J-ction'

iiat k d.-.ee

s e.o. 1 7 .;' t t.. able

E jd,-' :ieldii- c _' -an-, e ,,rn-it b ed

ol1a Le s_______________________~c-

i .u -eldin- of :-ose See no-te bl;

7 ,111 % ve 1 d n 0 f -,-4 -s, lo- ud inl

of stcren.:th dcok -,:a trcs and bottm
olatles

-DO~ check.
3u~zt weldim-, of ozi-er dec's of various

le-iels, olatforms ard long:itudinal
and transverse b A"'eads

71 e: .n2t:nlctn of nast s s-.:ld include each i.;rsci:~~
-z one wzozfr~~il;eld, ;nl in:nssno- ld not oc _ s :

'.0* of. .... oa ciro-ziferential .v.'ldm egh
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a a f

-, r 1 3 Z

. 3 ,.2

33 e c. c 03.

-,,

crir.-- ou t. L.I

o3 <3 - .; -) , i,

Z; z sl - r,ra

r 5Vt a3.C - 3 1

~~ '~ 
4 hen '-3 u C

In 3 ~ '4 n n 1 61 -,1, S'~ nr, e-- f'te

33n7 o S u adf3 r z-; rCressre. .:2 vr, .. ~s-'-
-a 'V ..a J 'J,. . aer te s r a *-- 5 .

no'isv tea o rrea !,zer C47XIAS-ie'S3.

oo obl e.. r
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* I ~ e ofta' - .),qC narorO>S n,-~ s~l~2 n 'est

Fore-=: f oeakrs ozrh< 30Ct3 i

7eed .';azer tOC

F',i-1 ail '~osae. an.T~ o -

aooLve 2.5 m*-

3oztorts of sing;le ~oto ro 7tr ooo).ri '_ he i.t A Ral -a

3reeboarci side olfares and dec'krs luai ; ests

-Side t-anis a~te cixz~ re-n tc a. -~

Oil tan, s of tankers ar- 4i reeian ~er c 1 ztn t o ftc bv

7 iater receivinbc deec , m ater Oclt ~ e~ -o c : p~ o 0

S z'zi cc~mtarimentS atror Tt -i o'

Voi-d crmoartrrentS 7ae o I-.z-'
above

o ottxfl valve box

n' ihro flus,-ig inst allatiors ..ater ool-ost nei I c to bulcnaad deck-
asove 1 mn

.-tGn flichrg insta. latziom F. n,3.rnin!.o r,, . Dsor c:__-_f!

11 Auiders, -)i eo; Iiater colr.-r aon e0 ecai S to- I.0

* bl:heasdeck.s, ocen ,c.,tions rind
c12 r ta ide c o ans of ot 7j .c :c nc iseas , uhn et
-. atertight doors and windo-ws, hatch
co'&'in-s, hatch covers, :)tc.

1 l Galley, rnrlacundry room, si-o.vcr, rcrcainsue;ao -

1.cte; (1)* s r.t a decozh lessthn5, ehto-aerolnabeth
deck may be 2.-,;e he deo)th.

(2) Flushing T.o.sts s.o Ad binocrae -'tth fdlowin re:

(1)Mei*htfro td te~in: sot o wter s ra-1ngShould be less tnar.
ln(2) *czile diomoter s:,olld not be ls .ar, 16 3nr (j.lah

diszanc3 sho-Ald not 'be ; :ea-,r t'- .an r.

27



I j J,13S

c a I -az .r .Id

Tens les- e cns-o o; 'c t
jittenzsile 2 1lower thr. -,;e:-I

,,old bend'=n 2 d=Z bnlC -Ie -3 1- :r e e S,

_________ _______no fract_.e

Sof

~ow-te e.,tue 1eld Tzooact value no, bel ~. less
iroatthan 4--l

::aa3rerzt .%

area

>ote: (1) 2ace the averagte value o' 3 s-oeciz-eas --or -,il a oicz zonl--ess
te 3 -.ng r zt" ' lo.:iest m luoe of one of - hr soliz
not leszs than S,), of tinerejen.

'S 1t f one parerl .t netal for testir., is low-alloy eeL;t~ , es a. n
may be zarried out accord"---,; the dia'ier::r I, < te:,e

cente r.
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.r r

S'S - o, r n 9

ea

r J{"Z1~r or e1~ _z~ i r -. 7

Se~ic n0 r- _--a i'As

,rSoO% 1/' a~co'0ZU&2OtSer _ re. .i-, nf. s 1'" ,-.a 7e

oi ,e presentu 1 s

o.±. .teri 1s s-3Iee "3 or .js e i n 1;tidz struo;; cr 3 o: 011 r s d .2 tS r;
v e ss els oho:iuI ac-orOZ' 1Oeni> ere ie1It2>LgTO7CItA

seiie in 3o-n' of 7:hs- "rs- *rs en s osieltwo of sz ;±s:
-Leced 2 or reshould b-e aL suoe1zr ed i ng tt to elecz -he

ld eldi s cr

i n I0$d bg ollr s a na -ore 4 .-44 s, s:3s an' sa± 1ti: 3 1 :-

sem;:-aut omatzo eli-under flux layer, or eleoozroslg -;,e!::I are S eerll
sM ected for :se I :am-.er mefrhods are seleotuc.d -,Or use s ac1roVel:
by the Snac ±rDi , 0 ureau.

Section 2 St.ructures

1 _ in 4zinc:- s rzcotares of boilers an : oressure v essa"1  'u- a
sruotures are -:rnrally selectzee car use.

<sdng;o--1ons should not be 'iran--ea 4-n toe oe-.in e f 0
of 1Q0 a: o 1 a - as s s~t± .on oc oe b ec-TD1.: e~ a es

in tzwLes -,-rcetes s o: Che ola tea Jnlier iadi':il: al
rk 1oer- cn f o In s eso-,Lzor. ou. roc, Iu id i ng t' -

- ben.din"- e' ; -- rit,

*6.. Ksja r -e Iding :'or o aarnn menoers, beside-3s th-e s ;cosalra r n'-- z-s ,
:ooubz use 'ctwb;

29



3 2c3ai 4 - V n o n e..2o, 3 -1a so6:r o r a tn 3 n -z -'r e '.3rr

accord 1n g c th e reccuizreets 5353211:Je icn oec-_otmn. of ::s o.

Jroo yes

6.31 deso' edicvarzo-us co"-' onents31 of oilers n>-: --- jr--s z _ __e 7-

-"v 1ro.s -f- -r .111-. -,I'd

sh-oulda be s 1!aded out. zeeor 1i n-

2. reoarazion andA cleaninL #0rk 5 >3±ore -.ve< in <. be in acoor1:<.-i ..

o.: 1r JI1r s3oZ a 

6 r - onZ1

n- C., 7,'

i -e - - - -J s e~ al

.d i- 1" so -n- o-'-4 la

Ir 3:r

z-r4e a3 , 7' '0 S' -. Le 0 ,1, _.l s f ~ ; ~ - --

a- treatmnent so' be carried o ato er -. cho ':o ..

rn re ssur e -,e ss - 1 s ' e stre s s a._ r3r: ->

urns ~ ~ ~ an mit r'''e'--'-'zr no 30,. rnz e2~ 1
' o

_o 3 arry out neat, eafa r---- ,ho - i reo ,: f "l;t *..'a Lt -
353 OrrI ouAt,I : - '

I s 1 e :. s:f ostfct j-1-> >3 z2 1"L eJ J0. .L , a t-A 4_ vt

cro~ssor:-e vessels a nor-' inn '" more" i-fl -

o -.. ic s'ad boeen 3 elect'e. ±l l." uu 0.2. 0 1 ns;.:C r -00<1 Z &..7

"'? 1m00Za3 s, i0nc l-v r .n or n~ '

.- ,-a Jo 1 rs and c3ress-azre -ass- s >2: re j ImJeau usN i e 1 oSI-e -s e
.i' C 'u -7.o:D ~r- a cf3Arz cose: afte-r -ne ldin.
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)n

7inz bc- 1- rs 3~-z -

m a ro o 0 -1-,

6.5.2 Zxterns~ i:id: ns~ec-riro s'-oud be -n3--corat .foc 3;~ e ±

1-n-:;-arn , ecnsn 1-Lr

fla-- ettnw be ,zsta.

~, oz~zr.of wlsfor flaw bs, v-t; aa o n ,o.dITozl. i
In ter c1: t o i ois af oe d r, ehi ::r 3t~oi t 1i

lraO 9 ~;te r e i..e n ts S 1, a i -f i b~c te 1

z-assu Vessels Gr a e Riatio ir -i 10

P 32 13 3) D

P>6-32 -. C

.- ote: v1 raoz tre is vri.rr--

an oress.Ire *:asseis3.
-ar I-nL 3o 1- welle I o,, S 0-~- - tero: De

creased or re'iwoed according a I don I ality fo-a
,ve,"ir technioa,-es, tnoeils 'o e re:-.e of- techn-ica s1 1*
an e xierlence, -wvlth a r )rova.l 0f - 6r 1 ins >oir ~e~

( %.~ardardJs of te de ter-, ined '.vela'in - ,aaiy 4rac;io, rai bsv*'''s o
a~corn~a. witha'-o Seotio e.. 1 !1

with Saction .5.2.63o h ok

* ~ ~ c, wan well;s failed -to be.jalii f~ris~oi ~roi ftedfcsb
n,,f si il1d be carri a~ A~ aa d en '-e rei:.soc co-ed inI acOorlanco3 5ihS~

-... 7 reo'.-iremert s of ti ok

32.
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*..e . .. ±3.- -. an1 rG r e mtc r o s DI .. ~ e c 3n .j a s c u'I-" -

K1 Selec ia:)n o f 5SeScim e n s .i i 1* S aeSS:,en. ci S2 z I SAt<&
se'' '4 .l..

4
4,e24 fr 4'.'Dri -. ,n~ v''3la or4 '41-

*~ r'

3 n.- a : IIc-n - ,

.9 -.-; 1 oj' 0 e1

o a i L : v0 1 : -3r n i

0-C 4 ''nczzrafer"~ st-aul : ' be- ~ . f~
esu-Lficent .. d.a"lvoa'-t ao use in case ofa ts i

ct-ories mat nave sttle elding zutity te nu:m-oer of seimsma'- "De roc

(4) fstingitems -and re;uirements should be accordi-g to '.able6..'j}blw

:estr§'yac teess . A osn et'' v o

-,c -n c I' d- ns c1 o; -n

4 u 1 szr16o n-0.mtao.S uO 'a e Ic3e

.0--e~~~~~~' tC" )re m144s loyste,-3

t~e Cead cente: d vn-3~r a fe -

fa c re nt -L~za low a ,i - ,Lluay steel , , te Stn sh uI5 -,i LeaIm
anonin;fy - bead come; niyedzatnd reeld newre elt

'e eld sbt th ed loet value ne ofd -.- ,em she rld not e les:

than he reuired3c 32



() ak ±.rions anr ts zi -i.; met~iod s o-s -,,,e-,imens for -.i- 1 ofn--- 3-n.,
properties shfould Is i~n zsaoordanc~a Ahrequir5:-3nts s-2acf.wf .nf hrwaiY)r :-1,

Sealin ;seta ar' Stren,- h i'est1.:S

should be in aaaczran.ri -;th 3she related rejuire-:aents spec i:,ca -r, In-ter

Bak



.,haoter ViI -eldir:; ,f --ajor*.cie-as

7.1.1 ThsF,,ctj fn a-, -lies t o ,,i-Didin* o-r n

Dxas urbir-e pressurizers.

~e~eotion of ~aterials

7*1 in welding struictures o-; rotor -nts Uitable wel cL-n aoilss~~
be selected. 'ieldinS7 rods, flu -x a-d other -;:eldinp m-ater~als s'noajld 3e splectec
a; Lter -;oeldin- tests, w.ith their mech.anioal nrcpertie o f th-e deco-site, d 1~ 1,,
locwe r -,- te lower value o: to e nv,,c-ani3-al or)rcerties of t:*..e n arant a

rreoaration Before :'.elding

'7.1. b etore -welaing- rotor s-afts, soecimens should be fabricated accord-r.: - o
deerind nd under the sale condition and eec*-,.,efla de-nec-t;_:an and -_:a1onaSe ins: ocn and mena ,cl roo)ert' e-nySr 1 eorre ~

.- i-uld be carried ouit only; afte r te,.5tin-g and- determined. i:re. ocscm
-roduocts of batch-es, m.olds, and fixed oo.;.eted o ~ mand uneer unchn_ ed
teomnicue and materials mayf be selected at ran dom, -h he a_-,ree:%ent of a r
Shio insiection Bur-au,.. L~ec*.nanical crcce r ty ts-.in: ir oiudes tensile, lon." minal

reon.resiostance, anda iritact Tesin Peir -value -~ul oz be less- tman des:Z~n
requireraent;s.

7.1.4 mc:shafts ,v',oujld be subject.ed to ore--eatin _ gradu.ally before -rlig
dtin te w elding p.,rocess, thearmal orctecczinn praccice should be sericusl-r

w7atched. Temterature for rore-nei(atinr, should be in accordance -with heselected
materials.

.mat- ' ratzment and Inspection Afte edn

7.1.5 -mat treat-ert shouald be carried out after terotor sh aftis are -.welded; rer:-ire-
.7e-Its for hneat treatment should be in accord ;vith th1- selected ma-cerials and -.eling
melthods.

7.1.6 .ields are subJected to fla-a detection i:s ,eocioJr in accordanoe ;unn oe
requirements snecified in Section 5.2.6 of this book.
-3fore refining;, elsshould be sabjected to m-,agnetic n)artcle eaimion ,nd oth-er
effective methods fcr surface insoectio)n. vracks must be olcewliitdan
re-aired, and hieat treatment should be carried out to elimi.-.ate siress.

7.1.7 In w.-eldi.n, rot.cr shaftzs, 4 'ef~rmatiom us be sevr1;~col ;c1v if te~<
t~ eor~insur-ass t.he allow,'able valu-e as de-,signed, th.ey should not; be -use d.

7.1.5 eat a --ai r test for rotor Sh.afts G'-ould be crrie4 d out in accordance waith
requiArenaents soecif ied in Sec-tion 5.4.3 of 3_ok, 71 -l.

Section i eldin-ocf 2 i.e B-ase, B.in-crtsan
'j--ter sn-)onents

7.-,.l -nis section aonlies to the .eligof diesel engine seat..*is, egracuos
cran.k:3-afts, cylinders a:id burbines, and other anmoonenos.



Seez nr c a -, pa r I0 a- z

.2 n ,.e).d r- s- ic ir s c' m----' ci-1 es, s-E ' c1Js
:n ;-cd a-nd ma's' ri'a1 s'l'-,_od a'r---- -,'.-e- scoild

-oldi. material,, selec- e r.,sd 3oul~ d;.,e i n oo'-~
t a n - , r0 . -'

~~-- -, 1 as -.

7 a Aent z :.,,an.a-_, ia_- or a -
S. 11 De$'aecta 1'., Cd!3 rA f c d- 'ce d " _ 1
t-- a equirements o. f s -3cticn c-_ ookc.

7 zi-it, of 'p-4oC c- r.ct-s sXcr eOt'O to c'"~F ' '
0 3

, "~nt
oeadi o sut-bevele ze--hot, t:;o &sur f-oil ne ~.r -L n o: to rez:s

:n Conon o ctoenswthaa Z- ae cajr'r
ouIt to :tnsure sm.3cor!:z talnls on, In accordance i eexs n itn

.11of this ok

72 .5 Bef'ore w.elding, w.-eldi,-.S ezdg-es shudbe ole~a-d oxidized s 11n , s, 16
oil -olition and othler zollur ents shiould not b- a c o exaist.

ide -,-, c070t s Eu-_ i.re ,o CuI 2'' d"--sam rl l'. -3 zfc
c' -r- 0 s ,dd ce n dLs

%ccdno7 to the me-_U'r 0 'nor.::s so.
In -,-alas carried outi -acr I- to 9e

d ± -- digr,:aohy cn- 3-er 5.li'u? e an c earI ;J

7 . 2.3 ea tre-_u-ent sIoc-ild be carri ed out after th.e oom-;,onents a_-e w.eli efJ

7.2.9 '0 oml one-nts sho uld g enerally n:or be welded again after heat_ ;ra-en;tt
'.ut e aeo again, itos Otnupens zic vedn- tcn- *-ue O30

considered. -st:gwligtcnocs-".

7.2.191 ALl sp~aces subjecae,_d to Oessuire wit=n tmonents Ksa.ch ,s f'-1- O~:
weledale ysemofengines, cowlid -rs, sn -1-d be sub- Zed to -a resS ireto,

sfter th-eir -.-eldrs are 4:r._Seoed tes ting ressu;re are:

en w.,orking, vreos-.re. P.< 7 kg/cm 2

P =P,+ 3.5 kg/cm2 ,

sen ;, ork ingr nre s sure P.>_-7 k/cmn2  :

P 1.5p. kg/Cm t
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Table 3.2.2

iye Pip JointsU oint.~ Press'airP,(kz/cm-) U

20 150

I b c I

20-30 100

-10-30 200

30-40 150A

8.2.3 Kt P; c'1 ee S .b e Ii~ cc rl~;;

Z- 100 10

-n,:erl re

-- ~,n r-lG*.A 300

ni p r
'n.n100'

sze- ,Oser or
COT'er *asrer may :)

C"Y purmit IXJL -,
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.. 1 Af te r wel Las i-noo r ".-no pre s and fJno fhg eoror n ic
oressure, if 'they are made of ' eat-resiso entl alloy szeel or car:ton ste el Con-_ainfiLC
trore thm'an ) . 24& carbon, heat. -eatmant shol'i ',-e carried out, tzo Lmjrole -,he veald
and nh - treall io: ot . sizior of the heat affec tedi area.

Ct.. .i:en neat ornretis carried_ oti acoordance with Seco'cn 3*1te

enoire s-ection or 2ar t of the weldA_ .-oint shcuId be z;:)te or~a renet

ieczion ,- Insoeo-_ti.;n of VeldogL-6- it

-1 ef r the oie ar elded, heins iae sa; -o ld -.e removed,
s , .I-aity of th 1'el .should be ins eco "lded surf aces sh-oclo

,a:. r cao--s .t.elling ~o'.trs air h_7les, and un' ii ed aro :)i-s or asic .- s,
MeSe snsocin- an,! reeo ;aw or cites. clf an-' of a;ne _-

ts ei xis t , re Paa i rsS-31d he n be carroc olac

2 2 t er s te am 4 o es h-- n'- a wo rz: _-r e sco Ir e gr ta-1er t'-an IS kricaving
a temnra'ure grea-,_r than 35D degrees C are -'el~d their welo" n qual i-. n)l
be i.nscec-ed, using x-ray or g-ama ray or other reliable n.,ethoas and tre snould
aeet one renuiremen-s o.' Crade 1 s-andards so. ,oifi~d in Section 2 of'2ao-r5

3hanter 1:( Rivetin-

Section 1 General Z.ules

1. Iischntrto auies only to t hs_ cartial rl-,etsd strooctores OfIhu" -;eld

szecifi~d in the oresent Riules for the Constructio4n of Sea-o 'r.g Stecl .3hic s.

.).2 aiveoo n- m~terials -hoid me-:e; the re-nuirements soecified in 5- ctioi 'I,
~nnt er .3, Cok -!T-.

J . 13 S-.nrndard snioboi-Lding- rivets are to be used in all hull riveted struct_-ures

9.1.4 Under general nonditions, riveting,- is to be Perfommed efoe_ r cooeinof
%welding.
If rivetinm: is to be carried out at the sarie ti-me of' welainL, riveoir -. should be

p-rforried at, the ar-a about 3-;J -m fr-im the Joint, after comletion of .;li.

1. Joint surfaces of ri-veting- should be cleaned and smoot~h; bhnssor e
iqtani should! no-, he--.-e aniy contamiinating substanc-s and snould not be zro,-oved

or uznov-en.

.1. aivets s-o ,Id n-ioch wihrivet holes. Under --ar oicular c --.dris, znfseir
ri.et holes aasb re~nedied by resming the hales or b': elding- uz the os,,re

..vdo not affect then~ -ti s-oren-:th.

..L.7 Ciltizht rivet joints generally should not be ins tlled with gaskets. Th4en
it is dilfficult to insure oiltight r ecuirements duiring rivetinz, :caskets that are
insoluble in oil are o)ernittad for installation.

* 18 oles for the countersunk( rivet ooints are to oe 7unobed.

s! After ri-freting; is com:anleted, ed--es of hie jointed parts should be cail1ked.
The distan(ce between the center and the edr-e of th"e rivet holes of' the jointed parts
sho;ld not oe less than 1.5 tines3 the diameter of the rivet after cauli:nz's

2.0



BOOK VII ..... ....

Chapter I General Provisions

Section 1 General lules

1.1.1 Quality and testing of ir'ortant materials and nanufactured products of

ship hulls, boilers, pressure vessels, and machinery of sea-goin vessels

must be in accordance with the provisions soecified in this Book; comolete

and certified doctsentation must be nrepared for them. If there are some

that do noz meet certain requirements, they must be approved by the Ship

Insoection Bureau.

1.1.2 Chemical comnosition, nuchanical properties and testing methods for those

materials and m:--ufactured products of ship hulls, boilers, pressure vessels,

and -achierr- of sea-going vessels that hI'lve not been included in this 3ook

may be tested and accepted in accordance w'-ith the national standards xith

the agreement of the Ship Inspection Bureau.

1.1.3 New p roduc.s and .fnterials njst be certified by the daart.ents cc-.cerned,

and must be aooroved by the Ship Inspection Bureau.

1.1.4 Shin materials and manufactured products that had been inspected by .he

Shin Inspection Bureau must be stamned with the certification seal of the

Ship Inspection Bureau. The seal sample should be the sane as -Figure 1.1.4.

Figure 1.1.4

Section 2 Insoection cf Shin Hull Materials

Produacts Insnectior.

1.2.1 2ro'iucts inspection refers to the inspection of shipbuildin$ materials and

manufactured products conducted bl" the ianufacturin planzs in accordance

r ';J): lI m m m m ,m m mm m mm mm mm mm mramn m ,-wm - m m "41m



with the DresenL Aules and merchandise ordering conditio:;s. After insp)ection,

manufacturing jlants must issue the qualit-y certific<:os cf he shilding

materials tnd manufactured )roducts.

if zhe 3hip lasnection 3ureau considers it necessery, inspectio,*s may be dis-

oatched to the facturing lants to participate in the insnection. After

inspection and certific,_tion, the verification seal of the Shic Inspection

Bureau lay also be struck on the nanufactured ;roduots.

mexaminatio, and ns:.e cti-on

1.2.2 Reexaminatior and ins'oection refer to the spot checking or su-;lmen.r-y

testing of ship hull materials or manufactui'ed products conducted by the shi:-

yards (or factories producing the ship machinery) according to the oresent

Rules.

Shinyards enerally need not carry out any 'eexamination or i:lsoection sf

shipbuilding materials and products that had been inspected and certified

with guality certificates in order, if no special condition exists. If the

quality of the materials or products are un-,nown, or testing items included

in the quality certificate do not meet the recuirements soecified in the

present Rules, supnlementary testing must be carried out.

Section 3' Treatment of Defects

1.3.1 Durinx the -,fork process or the installation of the shipbuilding materials

or oroducts, if low quality of the products is discovered, whether or -ot

t'-.e mr.terials or )roducts are suyolied with a quality certificate or 'ad

been reexamind or irspected and certified, they are not pernitted for use.

However, a reexamination of the same batch of materiqls or products uay be

conducted.

1,3.2 If oartial defects are discovered in the original naterials or products, under

the coqdition that it would not affect the product quality, repair by welding

according to specific conditions ;nay be carried out. .-epair by weldin.- of

42

- _ _ _ .I '



important materials or products may be carried out with the agreeiert of

the Shin Inspection Bureau.

Section 4 Heat T'reatment

1.4.1 17oortant casting and forged parts must be subjost to heat treatoent;h

treatment orocess is for-.uluted by the manufacturing plants.

Chapter II Testing Methods and S:oe:imens

Section 1 General Rules

2.1.1 The oresent Chapter describes the testing requirements of general properties

of shipbuilding materials. Special testings and specific technical standards

for materials are soecified in various chapters and sections of the oresent

Rules.

2.1.2 Casting specimens fudanentally should be poured out asmong the same castings;

if spec'al requirenents exist, casting speci-nens may be poured out alone from

the metals of the same batch of the products of the same foundry.

2.1.3 Specimens of -arts that must be subject to -.eat treatment shouU be out and

selected from the parts after heat treatnent. Specimens that were selected

alone should be subject to heat treatment together with the other parts.

2.1.4 The cutting and selection of specimens should be carried out by the cold

working method. If the specimens are cut and selected by fleounin- or electric

arc method, their cutting line distance from the edge of the specimens must

be at least or equal to the thickness of the materials, but not less than 10 .xi.

2.1.5 During the process of mechanical testing of specimens, if the unsatisfactory

tested i'ems occurred because of accidental defects, new speci-ens may be cut

and selected from the same materials of the soecimens.

If the unsatisfactory test .-ms not caused by accidental defects in the s~eciaens,

the unsatisfactory it ems should be retested, selecting twice the nu mber of
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soecimens from the same batch of materials. After retesting, even if only

one soecimen failed to qualify, that batch of materials or that particular

item or part are not permitted for use. 1orever, the unsatisfactory item

of that batch of materials may be retested one by one according to spDeoific

conditions; those that then meet satisfactory requirements may be permitted

for use. The manufacturing plants may also carry out a new testing of the

batches of materials of all satisfactory items after heat treatment in

accordance with the requirements of Section 2.1.3; those that then meet

the satisfactory requirenents are permitted for use.

Section 2 Tension Tests

2.2.1 Tensile strength ab, yield point go , elongation ratio b , and cross-sectional

area reductioa ratio - and other mechanical properties of shipbuilding mat~rials

should be determined by the tension test.

tension Specimens

2.2.2 Forms and di-ensions of tension specimens

(1) Standard specimens and proportional specimens (different cross-sectional shapes)

used for the tension test should meet the requirements specified in Table 2.2.2 (1).

Fig. 2.Z.Z 1 l)

SGauge length Cross-section i Qn sec ryen'wQls ofS ~ e i e s i , ( M M ) . ,n ) S - n u l i i

i.ongl 200 LI { , i .

Standard hor} 200 Sid

ProportionOr .g - as desired as desired 8,

iote: Other proportional s~ecimens using the gauge length anddiameter or cross-sectional area 'Zsch as castings and
forgings using specimens -.ith gauge leni-th 2.5 times the
diameter ("-- )7' may be permitted, but should be pointed
out on the certificate.
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(2) Dimensions, allowable tolerances, and smoothness of surface working of round

suecimens should meet the requirements specified in Figure 2.2.2 (2) and Table

2.2.2 (2).

R d

Figure 2.2.2(2)

In the figure. On pcmnGauge length (O )ong specimens
ii m 1 , hort soecimens

1=, + do, min
R =3-5, mm,

d ,. specimen diameter

Soecinen Allowable tolerances (mm) All0vable differe t al
dirmeter of guge ectinn oP qnec. n a. ang tin. amete of

a,(mn) Iametr Gauge -, j within the rae length of,.axte do e,"2 soecimens .m
- I e ,

<10 ±0.1 ±0.1 0.02
_>10 +0.2 ±0.1 0.05

Note: Allowable tolerances of'. casting pecimen diameter may be double.

(3) Dimensions and machining smoothness of nlate-shape specimens should meet the

requirements specified in Figure 2.2.2 (3) (a) or (b).

Figure 2.2.2(3) (a)
In Figure: a.-Steel )late thickness

b, - 30mm,
B - 40mm

[, 11.3,/ . (long specimen) mm;
s.6s5,1.-b. (short specimen) ?mm;

-l+ 1Smm,

R 3- S ranm.
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Figure 2.2.2(3)(b)

In Figure m.4ZSmm, - ..

b, - 30mm

4 .({.3V-.b--(long specimen) mm;
5.6sva.X. (short specimen) mm;

+ = 1. +5mm.
Allowable tolerances of specimen dimensions shown in the
SoJci!en hith b.- .- -- o.smm, two figures above:
Specimen length 1,--..-...±o.mm,
Max. & min. width differential value within gauge length....D.l1m.

A rolling surface should be kept in plates with a thickness greater than 25mm,

then plane down to 25 mm; and a round sp:cimen of approximately the same thickness

may also be made.

(4) An entire sectional surface test should be carried out for the hot rolled

sectional sticks with a diameter less than or equal to 25 mm; specimens shoild

maintain the original rolling surace; for those -with a diameter exceeding 25 mm,

their soecimen dimensions should be machined to meet the requirements specified

in Table 2.2.2 (2) and Figure 2.2.2 (2).

(5) For tin bronze and brass, specimen dimensions should be:

. do = lomml 4 = 50mm -,

For bronze containing no tin, specimen dimensions should be:

do - 15mms to= 150mM

For alzninlun alloys and magnesium alloys, speciaen dimensions should be:
do = 12mm , 4 = 60rm

(6) For flake-graphite cast iron, specimen dimensions should be:

4= Omm, 10 =5 0 mm

Dimensions may also be:

d0>lOmmO 4= 54.

(7) For testing of grey cast iron, see Section 8 of this Chapter.
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Tension Tests

2.2.3 Tension tests should be carried out at the ambient temperature (20°C±10°C).

During testing, the speed of shifting the machine's two grips under authorized

load should be as follows:

(1) Before the yield point (0.)or yield strength (0a.2)is reached, it should not

be greater than 8/second of the original gauge lenth.

(2) After the yield point is reached, it should not be greater than 431/second

of the original gauge length.

Estimation of Tension Properties

2.2.4

(1) The yield point is defined as the point determined during the elongation

process corresponding to the first drop of the index showing the maximum and

minimum load applied to, and, except that of the original cross-sectional

-area's yielded stress (k,/xt
2 ), its accuracy should be within 0.5 kg/nm2 .

(2) Tension resistance strength is defined as the specimen's maximum load before

tension fracture, except that of the original cross-sectional area's yielded

stress (kg/Anm 2 ), its accuracy should be within 3.5 kg/mm2 .

(3) Elongation ratio is defined as the percentage between the increased gauge

length and the original gauge lenth after tension fracture of the specimen, its

accuracy should be within 0.5 .

(4) rhe reduction ratio of the fracture surface is defined as the percentage

between the reducti-: am unt of the fractured cross-sectional area and the

original cross-sectional area after tension fracture of the specimen, its

accuracy shou'd be within 0.5 .

Supplementary Tests

2.2.5 If the results on an original tension testing specimen do not reach twice

the diameter or width, starting from the fracture point, and its elongation ratio

does not meet the stated or required value, such test is deemed ineffective and

suponlementary tests must be carried out. If tension tests form double shrinkage

bottlenecks, a new specimen should be selected. A sup lemencary test of another

saeoimen must be selected from the same heat or test lot of materials.
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Section 3 Impact Tests

2.3.1 The objective of Lmpact test is to determine the Lmoact energy loss of nhe

metalic materials during fracture under power loading condition at Rnbient and

lov temperatures.

Lnuact test is generally shonn -.ith the impact power .4(kg-m) or impact value

ak(kg-m/cm2 )

Impact Testing Specimens

2.3.2 TvrDes and dimensions of impact testing specimens

(1) Dimensions, allowable tolerances and proposed machining smoothness of U-notch

type of impact specimens should be in accordance with the requirements specified

in Figure 2.3.2 (1).

27.

tl*O.1 _-...

ACF =27.5.42-r-]o-

Figure 2.3.20)

(2) Dimensions, allowable tolerances and proposed machining smoothness of V-notch

t-yoe of impact soecimens should meet the requirements specified in Figure 2.3.2 (2).

45**2*r0*.1

Figure 2.3.2(2)

2.3.3 Selection and Machining of Impact Test Specimens

(1) Positions, the n,,mber of selections, and orientation (direction of longitudinal,

horizontal and firing off) of impact testing specimens from naterials are described



in various sections and chapters below. During the selction process of the

specimens it should be assured that the metals should rot be affected by the

cold treatment or heat to cause a change in their properties.

(2) Specimens must be machined at the four surfaces. However, in accord -,ith

certain related technical conditions, the surface having the notch perpendicular

to one of the original surfaces, or with materials having a thickness of l mm,

two surfaces without machining are allowed.

(3) The notch of the specimen should be perpendicular to one of the original rolled

surfaces, in accordance with the requirements specified in Fture 2.3.3 (3).

Figure 2.3.3 (3)

Impact Tests

2.3.4 The impact tests should be carried out on a pendulum-type impact testing machine,

with the specimen freely placed on two racks. The maximum energy of the testing

machine generally should not be greater than 30 kg-m. Velocity of the machine

pendulum at the moment of striking the specimen should be within 4--7 m./sec. The

machine pointer (or gauge) should assure the reading accuracy of the impact power

pot less than 0.5% of the energy. Impact testing machine support and the major

*dimensions of the liyndul=s shoild be in accordance with the requirements specified

in Figure 2.3.4.
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of inclina on

Figure 2.3.4

2.3.5 Impact test may be carried out under room temperature, from 200C±50 C or

at low temperatures of 0 0, -10 C, -20' C, and -40 C.

During low-temperature tes-;ing, specimens should be subject ,o cold treatnent to

reach a low temperature of -60 C, using ice and should not use =nfreezable liquid or

other mixtures as the colding agents. Ice should be poured in a stirring fashion

so that the temoerature would be uniform. After the colding agent is poured into

the container and after reaching the required degree for a time of not less than

5 minutes, the specimens may then be put in. The specimens should remain in the

container for a period of not less than 15 minutes, after the temperature once

again reaches the required degrees. The specimens should then be quickly taken out

for the impact test, within the time limit of 2 to 5 seconds. rhe suggested 3old

treatment temperature should under 3c C to 4' C.

During the impact test, the gap between the pendulum striking point with the notch

.of the specimen should not exceed D.5 rm. Accuracy of the reading figure of the

46. inpact po.,er should be within ).l kg-m.
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Section 4 Deformation Time Effect Tests

-.L.1 The objective of the deformation ti-e effect tests for steels is to

determine, after ilastic deformation under cold trea1ent, the 
chan~es in

%echanic properties caused by he internal fusion precipitation process under

ombient or high teniperatures for an extended time.

Time Effect Specimens

2.4.2 Specimens

SnecLmens are selected for deformation time effect testing from one siole

blank with a length of 320-420 mm and a tidth of 30 am from the steel plates

end steel molds. The semple blank should be elongated to obtain a l10o oermanent

deformation, allowing a tolorance of D.57. Afterward, select a specLn-n as

indicated by Figure 2.4.2 from the gauge length of the san-ple blank :.hich forms

" a blank samile -easuring 1.5 x 55 m after machining, r-ith one side maintainin

the rolling surface. At this time make it into an impact specimen accordin- to

the dimensions and finishing smoothness specified in Sec-ion 2.3.2 after lachining.

55 155

120

Figure 2.4.2 Front view of this figure is the rolling surface

Time Effect Tests

2.4.3 The manufactured specimen is heat treated homogeneously under tamperatures

of 25- C"l3Y- for one hour (artificial aging), then cool it in the air. Heat
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treat ent of the snecimons may also be carried out before coiishin .

Inpact test for Liact srecimens after the tLime effect testing should be carried

out by the pendulrz type Lmn-act testing riachine -.ithin - specific energy :an e,

unrder room temrieratiure of 2J' Z-t5C.

Section 5 Bend Tests

2.5.1 The objective of bend test is to exawine the bending plastic drooeries

of steels yielded according to required bending levels after cold and heat

trea~tent or after treatments similar to quenching temperatures amd other con-

ditions and to detect defects.

Bend Test S~ectnens

.2.5.2 Dimensions of Specimens

Bend test snecimens are divided into several t::pes as described belox, according

to their :aterials, types, and technical requirements:

(1) Ordinary steel :lates, steel molds, and flat steels with a -.':idth exceeding

100 mn are divided into standard and wide specimens, according to their various

technical requirements:

@ Standard soecimens: Thickness tzthiokness of the original materials (main-

taining original rolling surface);

Jidth b =2 t-2 rm, but not less than I -am;

Length L- .5 t -150 rm.

O tide specimens: Thickness t thickness of the original materials (main-

taining original rolling surface);

Width b-- 5 t I 2m;

Length L=5 t+150 mm
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The degree of smootlness after polishing of the side surface of of the side

surface ,he -late should not be less than, its corner may be nade into en arc

with a radius not to mm exceed 2 mm.

(2) The cross section of stecLmens of steel materials w Jith square sections

having a -idth less than 10 mm or circular sections should be equal to the

cross section of the original materials. The length of speci-mens, L, should

be equal to 5 times the thickness or the diameter, plus 150 mm.

(3) Dimensions of cold bending specimens of forged steel parts should be:

10 x 20 x 163, with each side measuruing in mm; each side being small round

corner with a radius of 1 mm.

(4) Dimensions of cold bending specimens of casted steel parts should be:

sections of 20 x 25, with each side measuring in mm; length not less than 2j-a7.m;

corner sides made into rowmd corners with a radius of 2 mm; diameter of the bend

center d "z 50 m-m.

.hen problems rise in obtaining specimens, sections of 13 x 12.5 may also

be usod as specimens. with each side measuring in mm; diameter of the bend center

d.25 mm.

Bend Tests

2.5.3 Bend tests are divided into the following types, according to their

characteristics:

(1) Cold bending: Bend tests of specimens are carried out under room tem- erature.

(2) Hot bending: Bend test of specimens are carried out w.ith the testing machine,

under a te:,rature specified by a certain technical requirement; the spec ia.ens

are to be heated homogeneously before bending occurs.

(3) Temperin; bend tests: Bend test of specimens are carried out after the

snecimens are completely7 cool .-ith .:ater with temperature of 20 to 30 C; snecimens
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should be heat triated to a tem.erature of 50 to 7"0 C before tenperin- bend

tests are carried cut.

(4) ion-quenchin6 hardness bend tests: Bend tests are carried out after cooling

in water; specimens ace to be heated at the quenching temperature before carrying

out the tests.

2.5.4 In conducting bend tests, specimens are placed on the co: oressor (or

soecial testing machine) or other equinent; bending operation is carried out

according to specified technical requirements wvith respect to the diameter of

bend center, d, and to bending angle as indicated in Fi-ure 2.5.4.

After bend tests, if examination of soeci'mens reveals no cracks, fractures, pores

and other defects )resent inside and outside of the bending area, The test is

deemed s-':tisfactor .

-d
C,

(b) (c)

Figure 2.5.4
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Section 6 Top Upsetting Tests

2.6.1 The objeczive of too upsetting test is to examine and to determine the

plastic tr-nsiformation oroperties of rolled steels, rivets, bolts, and other

steel materials subject to tzp upsetting under cold 9nd hot environments.

Top Upsetting lest Specimens

2.6.2 Specimens may be selected from rolled steels, rivets, bolts, and other

steel materials that are aiparently satisfactory after an examination; their

dimensions should be: cross sections should be the s&. e as the sections of the

original -aterials (the same as maintaining the original rolling or drau.inv

surface), with heights 2 times the diameter; ends should be vertical :ith the

axis of the snecmens.

2.0.Z. Too Upsetting Tests

Top upsettin tests should be carried out with a compressor or for ing machine,

at room temnerature or at a temperature for homogeneous heat treatment that

satisfies a certain technical requirement. Specimens with diameter less than

115 mrn may be forged with harmers during top upsettinZ operation; however,

soecimens should not have any signs of twisted or uneven forging.

2.6.4. Specimens during top upsetting operation should reach a height of a

certain soecified technical req.iirement as shown in Figure 2.6.4, they should

not have cracks, fractures or other defects.

In the Figure, hI is the height after top upsetting o-jeration; h is the height

before the specimen goes through the top upsetting operation.

Figure 2.6.4
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Section 7 Brinell Hardness Tests

2.7.1 The Brinell hardness test is carried ou-t tco calculate the- 3rinell hardn-2ss

value, usin- steel balls -:rith a definite diameter accordin to tIhe required

load compressed onto the surface of the testing metals (as indicated in ,i,;ure

2.7.1 (a)); after subject t1o a load for the requiired -zi~ie and then anloa-;d (as

sho'ma in zi-. 29.7.1 (b)), uh-e diamueter of the co-a?ressed scar of tche s-peci:.Ian

surface can be calculated. The hardness value is shown by the symbol 1-:4A.

(1) The Detemiuin.g method's applicable ran-e 'or drinell hardness of mtetals

and other alloys as s-)ecified in thlis section is 234O

(2) The 3rinell hardness value is shol,,n by -rhe avera-e pressure(ka

aolied to t1he scared surface area of the steel ball of the tested st ecian3;

t1-e formulas belo:r:a be used for calculating th.e hardnesS value:

HE -D (D - Vi=l

in the for.mula:

P ---- load applied to specimnen surface at which tGhe steel ball pressure
goes through, kg;-

D ---- diameter of steel ball, inn;

d ---- diamieter of pressure soar, mmo

(*) (b)

Figure 2.7.1

Hardness Speci-mens

.2L.7.2 S'necinens

'l hio~zezs of the sTecimens should not be less than 10 times the detlh of

the pressure soar. If there are other requirements s,)-cif ied by techrnical

coctio-is, the thioikiess riay be 8 tJies. rhe depth of pressure soar -may be



obtciined fr-rn. .he follow,,ing fornmula:

h -DHB

In the for-rula: P, D and H3 are -Ine same as 2.7.1 (21) abo-.e.

(2) The =l~ntlh and *,-iidth of s-)eci.-mcns slhcul o be less hr -o:.e h

liarieter of -;'e steel ball.

(5) The surfacc area of spcotiens should be ?olished s--oothlv-,, so tlrt.w cihe

r,.ssu.re sc.;r -lay leave sufficient claarity uround the ed- es -,o insure thle

tccuracy in alltigthe di smeter of the .)res sure scar.

Hardn-ss :saci'' n

2'.7.3 The 3rinell hardness testi'i - mac-.ine should be Thble to carr-. th-2 additional

load e-renly and under a stable conditi, n; and should also be able to maintain the

additional load A;thout chanse in tle required ti,-e; the c1:-trence in inclir.a-

'-U-3n should not e:-.ceed 'J.2/1 'J h:Ien action is vertically ao)lied -o the surface;

-allo;;able err'or of the load should not exceed±lr.

The steel ball for hardness testiiL should be nade of quanclhing. hard stee'l -.with

its hardness not less -than Vic-'.ers hardnress valuea H.850, Thell smocthnezz of' the

steel ball surface should not be less that \72 any surface defects should be

observed und3r the -nicroso)e w, ith ima,-nitude of 5.

The diameter and allow.-able tolorance of the stall ball should be in accordz;nce

-with Tab)le 2.7.3 below:

____________________________Table 2.7.3

Diameter of Ste~l Ball Gin) Laximim allowaable toleranice (.--)

2.5 t±0. 003

5.0 ±0.005

10.0 ±0.0 10
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11ardness Tests

2.7.4 he rirell hardness test should be carried ot at temper,2.tu'res of

23 - C. rJng testing, the dianeter, the size of the load, ad the load

.:naintai i; tine of t'-e steel ball shoild be selected according to the oredicoed

hardness and thiculaess of the soc.'cimens as shom in Table 2.7.1 below:

)aring testing, the distance between the pressure scar cent.ral distance and the

edges shoild not be less than 2.5 tiLoes the diameter of the pressure scar;

adjacent scar cetral distance should not be less than 4 ties the diameter of

the pressure scar.

Table 2.7.4

lange of ThicIness .{lations Bali Load F Loan main-
Type 'Brinell of doae and i a~mter tainin I
o' "~.t~aI~.ne55 V. necI'~ ipmeter D I e.k)) time (sec.)6- oIf seeI

O-3 10al. 100 3000

4140 450 -.4-2 + P- 30D' S..O. 250. 10

<2 2.5 187.5

>6 10.0 1000

a, :.140 6-3 P=IOD' 5.0 250 10

<3 2.5 62.5

6-3 10.0 3000

> 130 4-2 P 30D 1  
- 5.0 -50 30

< 2 2.5 8.

Sj9-3 10.0 1000
O ,-I $J3O 6-3 P= I0D1  5.0 250 30

<S 2.5 62.5

S>6 .250
O 3$ 6-3 P 2.5D' 5.0 62.5 50

- <3 2.5 15.6

2.7.5 The size of the dia-meter d of the pressure scar should be -,ithL-i the range

below, after the test had been conducted:

0.25D < d < 0.6D
In the formula: D----Diarter of the steel ball, mm.

If the above nentioned conditions are not met, then the tests are not effective.

58

POW ;i a u um h u l•m m nmumm mnlI l m m m



ahen. hardness test using steel balls with -a diameter of 10 mm. or 5 mm, the

calculation accuracy of the pressure scar diameter should be within 0.02 mm;

if 2.5 mm steel balls are used, the accuracy should reach 0.01 mm.

2.7.6 The hardness value of metals may be obtained according to the equation

indicated in 2.7.1, according to the diameter of the pressure scar, the size of

the load, and the diameter of the steel ball, such as follows:

H3;-I00, chancing into an integral number;

HB=I0-I30, select the first unit of the decimal fiu-.ces

IB<10, select the second unit of the deci-mil fi ures

Section 8 Testing of Tensile Strength and 3ending
Resistance of Oray iron 3astigs

2.8.1 Tensile tests for gray iron castin.gs are carried out to determine the

te sile strength of gray iron castings under wabient teaperatures, the value a

and to observe fracture conditions: P6
T7 . g/mm"

-

In the formula: Pb- maximum tensile load, kg;

F---- mimium cutting area of horizontal parts of the soectnens

before the test is conducted, mm
2 .

Tension Specimens

2.8.2 Diagram, polishing smoothness, and dimensions of tension soecimens should

be in accordance vith the requirements specified in Figure 2.8.2 and Table 2.8.2.

Figure 2.8.2

Table 2.8.2@r
Dienator 'K'eOL'.011 IL~r3nth Of?

1$ 8±0.05 8 |4 %I 54-54

20 "St 0.4 5 Is 24 MI
3 0 20± 0. 1 20 36. M21 I - .1.5

45 3010.2 3 0 so h43 174-1I6

50?.4 . I I4I4



Tension Tests

2.8.3 Tension t3st nay be carried out .aith any tension testin; :aachines; however,

the fixtures of the tes-tin- machine must insure their ability to maintain a

center of si=.metry; the loading accuracy of the testing uachine nust be within

l of its indicated value.

Bend Resistance Tests

2.8.4 3end resistance test of gray iron castings is to deteruaine the degree of

bend resistance 1w under ambient temperatures and under static conditions:

-- a, = K .P kg/mm 2 -

In the formula: P ---- load of specirmer_ during fracture, .g'
81

K ---- constant, K= . ;

1 ---- central distance of bearing roller, am

d ---- diameter of speoiaen, nm.

Bend Resistance Specimens

2.8.5

(1) Bend resistance snecimens should be selected by the baked, vertical sintering

method.

(2) Bend resistance s-pecimens normalLy use blank specimens; if special require-

ments exist, machining s oclens imay be used.

(3) Allowable tolorances of the shortest length and diameter of specLtens should

be in accordance with the requirements specified in Table 2.8.5 (3) below:

-i . Table 2.8.5(3)

Dieaeter of Diameter allowable tolora",)$ (rn. Shortest length

s pec ;,en,4 s s)ec xen joiint, -:-ni .6 (m

13 :±1.0 160
20 .. ±0.1 160

-1.0 ±0.2 240

30 ± 1.0 ±0.2 110 4
45 i ±1.4 ±0.2 Soo
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(4) The surface of the blank soecimens should be smooth, straight, and should

not have air holes or other defects. The smoothness of the machining specimens

should not be less thanV 8' its surface should not have any cutting scars.

(5) The maximu and minimunm diameter difference of the sa-. surface of the blank

soecimens should not be greater than 31 of the value of the minimum diameter;

dthervide their bend resistance strength should be calculated according to the

real elliose sectional constant. For this tye of bend resistance test of

soecimens, it should be conducted according to the specimen's minaum

diameter's direction for loading.

K
zllibse sectional and revised constant\soild be calculated according to the

equation below:
K

In the equation: a ---- diameter of snecimen at the ocint ahere fracture
occurs, =a;

b ---- diameter of s-peci.men at the noint where fracture

occurs at the sa-ie direction, n.;

d ---- ncminal diameter of soecimen, mm.

Bend Resistance Tests

2.8.6 Installation for bend resistance test should be according to Figure

2.8.6 below:

4'P
Figure 2.2,3
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(i) Bend resistance testing machine should be able to regulate its speed, and able

to main-ain ijs loading error within 1.

(2) The radius of bearing roller ard the si~e of the radius of the reciprocal

head L of the testin S nachine are specified as follows:

*'hen diameter of specimen is d<20mm ,.R>l5mm •

When diameter of soeci-men is 97O30m , R= (15-25)mmo

2.8.7 iequirements of bend resistance tests

(1) Testing requirements and reading accuracy should be in accordance w.ith Table

2.6.7 below:

Table 2.8.7

.Of ientral ist.| Readinz Occura"cy iniial l-ad
.,nsd lr )- 1 t ( oad

13 - 130 6..5
• ! 20-30

20 200 0.1 10

30 300 0.1 20 I 30-,0

45 450 0.2 so 30-50

(2) Specimens placed at the central portion of the bearing roller should maintain

balance. The longitudinal axis of the roller should be vertical with the center

line of the specimens.

() The tie t starting from the initial loading to the fracture 2oint of each

specimen should be in accordance .ith the size of the diamecer d of the specimens,

9s indicated below:

d<20mm, '>20 second-
4=30mm, t>30 second;

d=45mm, >45 second-.
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Section 9 Analysis and Flaw Detection

2.9.1 Analysis is the process through which chemical, low-muliole, micrcscooic,

and nondamaging flaw detection method to determine the elements of metals or

the defects of their comoosition.

Chemical Analysis

2.9.2 Chemical analysis is the use of suitable methods to determine the chemical

comoosition of the materials. Testing departments should insure the reliability

and accuracy of their analyses.

Low-multiple Zxamination

2.9.3 Low-multiple examination uses the naked eye or low multiple (under 5 ti:mes)

magnifying glasses to examine the defects (shrinking holes, air holes, cracks, white

soots, etc.) and to determine the heterogeneity of physics and chemistry.

(1) Vulcanizing seal examination, is the process of examining sulfuric segregation.

(2) Acid absorption method is the process used to examine the heterogeneity of

carbon steel crystals, cracks, shrinking holes, and other defects. After

,)olishing,the specimens are then soaked in a solution of 10- ni-ric acid for

3 to 5 minutes and then cleaned and dried. At this time, defects can be seen

of the polished material.

(3) An absorption method using hydrochloric acid nay be ucilized to examine

the above mentioned defects and white soots of alloy steels.

.'icroscopic Analysis

2.9.4 The microscopic analysis is a process using microscopes to study in derail

the comnosition and impurities of the materials. The polished specLmen is first

A soaked in the solution and magnified 11O times under a microscope, and, in

accordance rith photos as national standards, t1e soecimen is then determined

and compared of its grade level.
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(1) Cr-,stal grains of ste-ol. A 'noto is taken under the microsco.e -nd I en

coamare ,,'ith national standard o-otoo. Those that fail within 1 to 4 -:ade are

coarse -rain; those that are in grade 5 to 5 are of fine grain.

(2) Various non-metal irnourities (oxitized L:rorities, etc.), exceot of the

carbon varities, aan be observed unier a microscore. These imourities can be

classified into grades according to national standard photogra hs.

Non-destrictive Flaw Detection

2.9.5 The objective of non-destructive flaw detection is to exanine inzernal

cracks, shrinking holes, slags, air hnles and other defects of steel -materials

(such s i ortant £ ,rgings and parts) through the use of x-r ;ys, gamma rays,

magnetic oo,;dcr eamination, luinescence exa.ianati-n, and ul-rasoni6 m.ve

examinacion, to determine the quality of manufactured steel Products.
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'haz:Dr - Aolled Steel and Aivets for 'ull Structure

Section 1 General 1iles

3.1.1 Steel plates, flat steels, mold steels and other stell materials for
s'rio hull structure should be of carbon steel and ordinary lo,:i-alloy
steels.

3.1.2 Steels should be melted in el*tric furnaces, open-_ -h or sure oxygen
top-blowing rotalin-, furnaces; steel may also be melted -;ith other
methods with the agreements of the Ship Inspection Bureau.

3.1.3 Product quality classification should meet national standards or
mechandise technical requirements. Permissible reduction of
difference thickness of steel plates, flat steels, and mold steels
should be in accordance with the requirements specified in Table 3.1.3.

Table 3.1.3

leThickness t (Mm) permisable Aeducti,n Tolerances in
P T(Lhickness

" ++ " -. (4.1 + 0 torm

-. .

3.1.4 Steel materals are to be subdividied in lots including materials from
same heat, same requirements, same rolling system, and same heat treat-
ment. The materials in each lot are not to be more than 1) mm in thick-
ness and are not be be more than 30 tons in weight; steel plates *:tith a
thickness equal to or less than 10 mm, each lot should not be greater
than 20 tons in -aeight. Flat steels and mold steels measuring one meter
long and weighting greater than 20 kg, each lot should not exceed 40 tons
in weiaght; Flat steels and mold steels measuring one meter long and %rei-:h-
ting less than 20 kg, each lot should not be c,,eater then 30 tons in ,-ei-ht.
Steels produced from the oxygen top-blowing rotatin- furnace, each lot may
be composed of different heat. However, the difference in carbon contents
of the furnace should not be creater than 0.03 .; in man anese content not
to exceed 0.15' and each lot not to exceed four furnace numbers. The wxeig-
ht of each lot should be the same as above.

3.1.5 N'umber of steel specimens are selected as follows-

(1) Chemical composition--one specimen from each heat.

(2) Tensile, cold bending (standard specimen or wide specimen) and fracture speci-
men, one specimen each for tensile test, cold bending, and fracture, from each

if batch of steel plates and mold steels at random.

(3) Impact Specimens, three selected from each lot of steel plates (or .old steel).
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3.1.6 Cutting Direction of Specimens from Steel

(1) Tensile, cold bending and fracture specimens should be:

Steel plates--zpecimens and rolling direct-an should be verticle (transvsse).

Mold steels--snecimens and rollin; direction should be horizontal (longitudinal).

(2) Impact specimens should be:

U-notch specimens--specimens and rolling direction should be vert-cle (transverse).

V-notch specimens--specimens and rolling direction should be horizontal (longitudinal).

3.1.7 Ship hull structure steels should have homogsnecus cuality; should not be
laminated or l. :red; should not have cracks, apparent ovcrl _ or non-metalic
impurities and other defects.
General inspection for surface quality of steel structure must bo carried
out. Steel plates should be examined one by one. For mold steels, plate
steels, rolled steels and rivets, five srecimens should be selected from
each lot. They should not contain any air holes that could be seen writh
the naked eye; scars, cracks, or any oxizied iron scraps that had been folded
or compressed into and other defects that might affect their strength.

Section 2 Carbon Steel for Hull Structure

Testing Items

3.2.1 Testing items for arbon steels for hull structure (steel plates, flat steels,
mold steels) should be in accordance ,ith requirements specified in Table
3.2.1.

C;arbon Steel Testing Items Table 3.2.1

Grade -Grade I Grade II Grade III -Grade IVSteelGradofIIraeI

Z. wJ . ' ( 4 4 a ) 3 -1 4 A A-;.4 0 A XAiIR .)Q-',1 *. ( 3 .?t . a r . ( I a g ) .
E ee ____ __" __ ___.....__ _____ ____'____"_____ ____c

Steel: ______

SChemical composition Low-temperuture impact
Cenil tests ()Low-temperature impact (specimnens
Cold bending tests from each plate)
(standard specimens) 0 Fracture area fibrous structure

0 Cold bending test examination
(-ads specimens) Austenite grain size examination
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'heraical Composition

3.2.2 Chemical comoostion of carbon steel for hull structure should be in
accordaice -.,:th the requirements specified in Table 3.2.2.

C11eical Composition of Carbon Steels Table C.2.2

3rade of Chetnical 3omnosition (%)
zteels C c I si in s P

I <0.22 O..5-r 0.12-0.35 0.05 0.043

<0.22 0.4-1-3 C. 12-0.35 0.05 0.045

<0.20 0.5-!.] 0.12-0.35 0.05 0.045

W t 0.18 0.-.-1I 0.12-0.33 0.05 0.045

Mechanical Pronerties

3.2.3 Mechanical properties of tensile and cold bending tests of various carbon
steel plates (with thickness greater than 4 mm) and mold steels for hull
structure should comply with the requirements given in Table 3.2.3.

Lechanical Prooerties of Carbon Steels Table 3.2.3
o f j e n s , i l e , e J Z o _ t o , o n i ,/ d ~ n

=a d e o fe .. .. .-, : I r e 2 i
Steels (kg/Mm ) dz d=32

I II

i 18o" 1 "2o

42-52 - 3 -2

Note: (1) For steel plates with a thickness 8 mm, whenever
the plate thickness decreases 1i=., elonration rate ray
be decreased l' (absolute value). For steel olates :with
a thickness 2! 20 fm, whenever the plate thicknoss increazes
1 mm, the elongation rate may be djzreased by 3.25 (absolute
value) ; ho.-ever, when plate thicimess is :6 32 ram, the total
decrease should not more than 2-,; --:hen plate thickness is
greater than 32 mm, the total decrease should not exceed 3j.

(2) For steel plates with a thickness greator than 33 mm,
zhe wide cold bending test is not necessary; -he standard
cold bending test should do.

Low-temperature Imoact

37.2.4 Low-temperature imoact tests for grade II, III, and IV steels should be
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carried out by using U-notch and V-notch specimens. Their technical specifications
should comply writh the requirements siven in Table 3.2.4.

Table 3.2.4

o Grade of Steels

c, Temeraturb znoact L.o a c nss s

no-tch -2 o ' C -4V .5 CM.

notoh - O.C i 2.8 kg-m 0 -r_ -4.8kg-rn - io' c6.2 kg-m

Note: (1) The indicated value sho-.n in the table equals to the
average value of the 3 specimens.

(2) ,'hen using the U-notch type specimens, onl ine of the
three snecimens is allowed to have a value lo-:'er than the
indicated values shown in the table.

(3) Trhen using the V-notch type specimens, if the average
value of the three soecimens is lo.;er than the indicated
values, but not much lower than 60', three additional specrnens
selected from the same plate are allowed for impact retestin g;
the average value of the six snecimens should satisfy the
requirements of the indicated values specified in the table.

Fracture Ins ,ection

3.2.5 Fracture inspection are required for Grade III and IV carbon steels. Jidth
of specimens is 60 rm, length 30) rm, with a thickness equal to the thickness
of the nlate; the groove of the fracture is 1/3 of the width of the soecimen
which is cut off using the drop hammering method. ihe cutting surface of tle
specimen must have at least 30/ of' the fibrous structure; if the cuttinz
surface has cracking e7idence, an additional step nust be taken to invesz G te
by raming to ascertain that the specimen does riot have any laminations,
impurities or other defects.

Austenite Grain Size Examiration

3.2.6 Austenite grain size examination are required for grade III and IV steels,
v.ith their grain size not lower than size 5. If the steels are deoxizied
with aluinum or titanium and that the grain size is assured to be greater
then size 5, examination may be omitted, with the consent of the Ship
Inspection Bureau.

Structural ?ositions and Grades of Steel

3.2.7 The g-rade specilications of carbon steel for hull structure are as follows:

(1) For sheer strakes, strength deck side olates, and hatch opening corner )lates,
when the olate thickness is 12-18 m, grade II steel should be used; -=hen

68



:he plate thickness is 112.3 r-n, grade III steel should be,used; and wMhen the
,late thickness is greater than 25 m, grade IV steel sho-ild be used.

(2) "or strength decks, shell o1ates, when the -late thickness is 13 25 .za, gr ade
iI steel should be used; then the *late thickess is greater han 25 :=, -rade ill
steel should be used.

(3) For i-Jer and lo.Ter strakes of tanker lonvgitudi_..l bulkheads, ,hen the )late
.hioimess exceeds 18 -r, grade I1 s-eel should be used.

(4) For masts and king posts as -.:ell as the attached mast shoulders anid brackets,
if the -late thickiess exceeds 20 amn, -rade III steel sho-ld be used.

(5) For hull structures of ships sailing in ice areas or shios operlting for a
long period in areas with a tennrature ,f-10* ", grade II steel shoild be used.
For strength decks and shell plates, grade III steel -ay be used i;ith the ap roval
of the Ship Inspection Bureau.
For hull structures of ships operating for a long period in areas with a temperature
of -20* C or below, grade II steel sho ld be used. For strength decks and shell
plates and other structures, grade IV steel should be used, with the consent of the
Ship Inspection 3ureau.

(6) In addition to the above described requirements, other hull structures may
use grade I steel; designers may use grade II and III steel according to structural
positions.

Section III Low Alloy Steel for Hull Structure

Testing Items

3.3.1 Low alloy steels for ships (steel olates and mold steels) are classified
into two different types. Each type is classified into grade I, III and IV
according to hull structural positions; their testing items should comply -aith
the requirements specified in Table 3.3.1.

Table 3.3.1

Grade Grade I Grade III 3rade IV

Qt ' I"-

Chemical composition Lowa-temperatture impact
Tensile tests Low-temperature impact (each steel
Cold bending tests plate)
(standard specimens) Fracture area fibrous structure 3

4Cold bending tests examination
(wide soecimens) Austenite grain size examination

Low-temnerature im-act
(plates with a thickness

12
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Chemical Comoosition

3.3.2 All low-alloy steel for ships should be killed steel,.xith their chemical
comoosition that comply with the requirements given in Table 3.3.2. If other
low-alloy steel of different composition are selected for use, they should be
assured to contain good weldability and with the approval of the Sho Inspection
Bureau.

Chemical Composition of Low-alloy Steel Table 3.3.2

Steel Equivalenq Chemical Composition ;
Group Steel | cI¢ u, si s Ti

Group I !Mn 0A2-0.2 1.2-1.6 0.2-6.6 <0.045 <0.045

Grouo II I 1SMn Ti 00.120.18 1.221.6 0.6 <0.045 <0.045 0.12-0.2

Note: Copper remainder anouit in steel should not exceed 0.35'.

Mechanical Properties

3.3.3 Tensile tests and cold bending tests for steel plates of low-alloy steel
for ships (thickness greater than 4 m) should meet the requirements specified in
Table 3.3.3.

Table 3.3.3
Tension and Cold Bending Properties of Low-Alloy Steel

ensile e ionation Sjndard. I -ide old
Steel Thickmess ; h .0 9on 2C11o dendln

eo n r ~ C ' o2a e a u B =5 2 n -
Group (MM) (kg/MM') (kg/n.m) ' 2a B =

._Sss not n sleS3 d=a I d=3aGut s . less than hn
<16 52 35 21

Groupi 17-25 s0 33 19

26-36 48 31 13 e Bendover
. 37-50 48" 29 19 180 120

G<ro 54 40 19 not crack" not crack-
Group i ing ing

II 26-40 52 35 19

Tlote: (1) Yield point of low-alloy steel generally should not
exceed 80' of the tensile strength.

(2) Those with thickness greater than 30 wm, wide cold
bending tests may be ommitted.
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Low-temo erature Lmpact

3.3.4 Low-temperature imoact toughness of low-alloy steel should :reet the
recuirements soecified in Table 3.3.4.

Table 3.3.4

Steel Type of Grade of Steel

Gr o up s So e- . :-aee" " t 19

,1______-Temp. eek. i

" c(k -n . . O C . . . 0 . " O-C >3.4 '. -_.1_C t > .
Group II

- . V(kg-m). I c -C 0o1C >5. 4 - 10-C ;)6.9

U-20C >3.0 -4M 3. 6

v(Lg-m) 0 , >2.8 'C >5.8 -10 C I >7.4

Note: (1) The indicated value shown in the table equal to the
average value of the 3 specinens.

(2) .Then using the U-notch type specitnens, only one of
the three specimens is allowed to have a value lower than
the indicated values shown in the table, but should not
be lower than 80- of the indicated value shown in the table.

(3) 4hen using the V-notch type specimens, if the average
value of the three specimens is lower than the indicated
values, but not much lower than 8511, three additio,-al
specimens selected from the same plate are allowed for
impact retesting; the average value of the six specimens
should satisfy the requirements of the indicated values
specified in the table.

Fracture Area Inspection, Austenite Grain Size Examination

3.3.5 Technical requirements for low-alloy steel fracture area inspection and
austenite grain size examination are the same as those of carbon steel; see
s.ecifications ;iven in 3.2.5 and 3.2.6.

Structural Positions and Grades of Steel

3.3.6 Grade specifications of low-alloy steel for hull structure are as follows:

.(l) For sheer strakes, strength deck side nlates, =d hatch opening corner platesof strength deck, when the plate thickness is 17-25 mm, grade III steel should be
used; when the late thickness is greater than 25 mm, grade IV steel should be used.
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(2) or strenath decks and shell plates, when the plate thickness exceeds
22 mm, grade III steel should be used.

(3) For masts, king posts and the attached mast shoulders and brackets, wahen
the olate thickmess is greater than 18 Lm, grade III steel should be used.

(4) For hull structures of ships sailing in the ice areas or shies ooerating
for a long period of time in waters where the temperature is belo- -1) C,

grade III steel may be used according to the structural positions, with
the approval of the Ship Inspection Bureau.
For hull structures of shies ooeratino for a long period of t.ie in waters
where the temperature is below -2D C, grade III steel should be used; for
strength decks and shell plates and other structures, grade IV steel may
be used, w-ith the consent of the Shin Inspection Bureau.

(5) In addition to the above described specifications, other hull structures
may be constructed ith grade I steel; shio designers may also use grade
III steel according to the structural 3ositions.

Section 4 livet Steel

Chemical Composition and Mechanical Prooerties

3.4.1 :tivet rolled steels for hull structures must be of killed steels. Their
chemical comnoosition and mechanical oroperties should co.:ply : tih the requirements
given in Table 3.4.1.

Table 3.4.1_
Chemical Composition 2, Mechanical Properties

Type of I osttn£

SteelCuG s p (kg/mm), (M) e
Carbon Steel! <0 0o.2. - ] j

Lovkalloy Equivlant property requirements of low-alloySteel Isteel for use in hul structures ,

Note: 'or rolled steels of the low-alloy ;-oup, the Ship InspectiorL

Bureau aay request a 1JP, 3, non-quenching hardness bendover zest.

.izaber of Tests

$.4.l :.:anufactured rivets may be sorted out into batches (1))-D : as on'e batch)
to be carried out for sanele testing for external inspection an.d :-easiretment,
using ." of each batch (but should not be fewer than 25 rivets).
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Thapter IV Steel for Boiler, Pressure Vassels,

and echanioal Strzotuires

Section 1 3oiler Steel T:lates

4.1.1 Steel olates for manufmcture of boilers aay be of carbcn steel and
low-alloy steel. Steel should be nelted in seer-hearth or elec-ri - furnaces.
All steel plates intended for boilers must be nornalized after rolling.

4.1.2 Soecifications for steel plates should be in c roliance .,ith national
standards or trith the technical reauirements soecified in the mechandise invoice.
Tolerences in the thickness of the steel plates should be in accordance -,;ioh -he
requirements given in Table 4.1.2.

Table 4.1.2

Plate Thickness t (M) Permissable Tolerances in Thickness

t <5 i<.4.mM

= 16-45 (O.1+O.02r ) mm

'>45 1. Omm

NLzber of Tests

4.1.3 Each batch of steel olates should be manufactured from the sane heat,
made with the same rolling system -:rith the swae soecification and subjected
to the sa-ne heat treatment. Those ,ith a thickness equal to or less than 23 .)h,
each batch should not wei,,h more than 30 tons; soecimens are taken from any
?late ,within each batch. Those plates writh a thickness greater than 20 ru should
be exemined one by one, taking specimens from each plate.

Test Soecimens

4.1.4 Cutting and selection of specimens of boiler steel plates:

(1) One set of standard test soecimens should be taken as follo-s:
1 tension test specimen; I bend test specimen;
3 impact toughness soeci-nens (plates with a thickness exceeding 12 mm may be omitted);
2 deformation time specimens;
1 fracture area structural homogeneity specimen (plates with a thickness under

20 rm may be oitted).

(2) For low-alloy steel olates used for oressire vessel parts for service at
elevated temperature equal to or exceeding 350 C, the manufacturing olant oust
select specim:ns to determine that the materials retaining the properties.

(3) The selection of the various specimens described above should be cut from
plates transversely to the direction of rolling.

p
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Defects

4.1.5 Boiler steal plates should be free from cracks, line slag inclusions,
laminations, air holes, overlaps, and other imturities; other surface defects
that do not hinder the exwmination, such as thin oxizied iron slags, rust, a-nd
other minute fissure are allo.:ed, but the unsmoothness caused by these defects
must not suroress the allowable tolerances.

Chemical Comoostion

4.1.6 The chemical composition of boil steel plates (according to the furance
in selecting the specimens) shall comply with the requirements of Table 4.1.6.

Table 4.1.6

Chemical Comcosition
Steel -s !- , IeNube P S

. 1 Mo not less than

20g 0.1-6.24 Q.15-0. . 0.045

228 0.19-0.26 0.17-0.37 0.70-0.90 
0.040 0.045

0.040 0.045

I6Mng 0.12-0.20 0.20-0.60 1.20-1.60 0.040 0.045
15MnVg 0.10-0.18 0.20-0.60 1.20-1.60 0.04-0.12 0 0.045

14MnMoVg 0.10 a0.18 0.20-0.50 1.20-1.60 0.050-0.15 0.40-0.65 - 0.040 0.045
lsMnMoNbg 0.17-0.23 0.17-0.37 1.35-1.65 0.45-0.65 -.2,0.051 0.040 0.045

Note: (1) Copper remainder in steel should not exceed0.35,.
(2) For retesting in chemical cc.aposition, tolerances ,-ithin the

specified requirements in the above table are per.nitted, as
lisdted belov:

C ..... t,0.02a; Vn ...... .o 10;
Si..to.5; V..... *0.3211;
Nb.. tO.2 o.; 0.01

Mto. -0.05---.
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Mechanical Properties

4.1.7 kechanical properties of boiler steel plates should cor-'Lly with

the requirements s'.ecified in Table 4.1.7.

Table 4.1.7

Ienslle; yield L.i g'oL peformation

Steel Plate I trqngth a, at a I 1mac a, k Cold 3endover !f'

lb Thicknes (kg/,.m) ,((1g-) |r
4 J l(k rnu ' )

_-_m d= dignter of
Nu~mer .(mm) M: U.e Vpm ben~d

not less than , .-

20g 6-16 I 25 26
24 25

47-25 1 23 24 6.0 3.5 d=2a
26-38 23 24

37-60 23 23

22g 6-60 43 27 1 24 6.0 3.0

12Mng 6-16 45 30 21 6. 3 .. 2-

I I 6. 3.02
......... .... 17-25-.. 44 28 19 d=3z

16Mng. 6-16 I 52 35 21 d . 2a

17~25 50 33- 19 d

--[ 26-36'-' 48 31- 19 3.0

I 37-60 48' 29.1 19 I. d3A

l5MnVg 6-16 14~ 40 - 18

. ..17-.-2S 52 381

56-36 52 36 I 17 i
37-60 50 3 17

jgMnMoNbs 16-38 65 52 17
40-95 65 50 16 7.0 3.0 d=3a

1 6 0 - 1 1 5 s6 0 o 4 6 1 6 d

14MAnMoVg 30-1 15 65 so 16 d3

Note: The indicated impact value at ambient temperature and deformation
time value equals the average value of the three specimens; the

value of one of the three soecimens having a lower value than the

listed values in the table above is as follows:

Imact value kforrmation time k-m
at ambient temperature .... I vu .
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Fracture Area 7xainination

4.1.8 Soeciraen di:-ensions -and doce.snetation for hovogeneity ae-ninatior. of
fracture erca structuiral tasting are described below..:

(1) Siecinen dimensions ---- 2or plates 3j rn and under in thic'-niess, thbs ..,idth
of the specimien should be eauA t-r tines the t'nic'cess; for pla-ces over .30 a
in thinaess, the -:sidlth of so)ecimen should be ecual 1.5 ti3mnes -*-- thick.,ness.
Soecirnens are obtained frora ona side along the direction of the -*,-dth to fornn
an ang-ular groove tr-nsversely -.iith the olate surface; -the- groove deoth should
be 1/3 of the .Aidth of the specimen.

(2) Doc-entatiora ietlhod---- Seci:neas are cut off -using zlne dr-op ha.erir.6
method. insoect their cutting or fracture edg;e (if nacessary, use a magnifyirng
glass and enlar img 5 times) . the etu comp)osition of fracture surface of the
s-)ec;_men s should be homo-easeously minute, and wvith out -air hnoles, crack:s, or other
L-nourizies. For 2lates un-der 3) rmn in thickcness, t he fras3ture surf- .ce havinzi: cracks
not long;er than 2D mm- are 2erfitted, but indiv-dual cracks should not be exceeding
10 -_m; for olftes .-ith a tniskmess greater than 30 rmm, the fracture surface having- c

cracks -inder 30 mn are allowved, but indlividual cracks should not be ,:ny longer
than 15 -Lm.

:HiSg Temrperature .properties

4. 1. 9 Sneciiaen dimoensions and testinr, met'rod for hnigh temcr~eture properties are
as follow..s:

(1) Speci'aers for tension tests at high teccperature are the same as those tests
at am-bi'ent ze-'noarature.

(2) During- testing, soeci~nen temperature i5 deteCr-Lined according- to technical
recuirements concerned, but the difference in temperature should not be exceeding,
.5 C. TastinG method aind number are the same as the testingL zme-hod for speci-mens
at ambient temonerature.

Fla-.- Detection

4.1.10 For boiler plates exceeding 40 mm in thickness made of low-alloy steel
containing ',o, ultrasonic flam detection should be carried out on aach olate.
Flaw detection techniquies should be approved by the Shio Inspection Bureau.

Parts with Low Pressure or Low Tenaperature

4.1.11 3oiler components operating at low pressure un: r 8 k,,cn2 and 9Lt -worin7m
tempoerature lower than 250 C may be -Manufactured with C".ass 11 or Class III steel
dlates. 'uality standards should iaeet the re'quirenents so)ecifiad in Seotion 1 and
2, Chapter III, of this Book.
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Section 2 Boiler Stay Steels

4.2.1 For boiler stays, high quality, rolled zarbon structural steels should
be used; their chemical composition (according to furance for selecting scecimens)
and mechanical oronerties should be in agreement ,;ith the recquirer.ents 7iven in
Table 3.2.1 (a) and Table 4.2.1 (b).

Table 4.2.1(a)

Chemical Compositionsteel
Nber e c a Mr a Si I  P .I S t CI .i

15 0.12-0.19 0.35-0.65 0.17-0.37 <0.040 <0.040 <0.25 < (0.25

20 0.17-0.24 0.3s-0.65 0.17 0.37 0.040 <0.040 <0.2 5 <0.25

Table .4.2.1(b)

.. Mechanical Proerties
Steel i ell a. rat io f nr nea e

-Numaber PO/4)I) 1 k~rn)b Io to t
15 23 38 255

20 25 .~ 42 25 55

4.2.2 The surface of steels used for boiler stays should not contain any scars,
overlaps, slags, cracks, and laminations and other defects which might Lmpair
their strength.

Section 3 Steels for Pressure Vessels

4.3.1 For welded pressure vessels, boiler steel plates listed in Table 4.1.6 of
Section 1 of this chapter may be used. Steel quality standards should be in compliance
vith the requirements specified in Section 1 of this chapter; ho:;ever, deformation
time testing should not be carried out.

4.3.2 For Class III pressure vessels (see Book II, section 3.1.2), Grade iI steel
plates for hull structure may be used; quality standards should meet the requirements
given in Section 1 and 2, Chapter III, of this book.

4.3.3 For seamless steel cylinders and drums, chemical composition and mechanical
properties should be subject to approval by the Ship Inspection Bureau.

Section 4 Steels for Iechanical Structures

4.4.1 Rolled steels for welded structural engine supports, engine bases,
cylinders soeed reduction gear boxes and other khportant mechanical parts should

be manufactured with killed steels, containing not more than 0.24' carbon.

*
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4.atr4. selec-cior, and t&cst.i- reua-zrements should com~.nly it- --.-ose
doscrih2ed bl-:

(1) Seecion~ of ne-ii nd tesltin * re'arerents of L. -. ,t:O.:t

o~eratin- ,~t tb raueTo-e 15--) -,-- shadcnl *n h e ir 7-nts z- eci2zc-
in 3-cotion 1 of this cha-nter.

'.naoter V Sceel Fo rgings

Section 1 3eneral -Aules

General Acei'iraents

.1.1 Lajor steel forvrin~s for s3hins anrd acirvhol >biae
hiSgn cuvl-i ty carbon steel or alloy steal.

.. Fcr~iax ratios of for ;ings shouli cocacly ':ith soecif-ications listedl bel1o.':

(1) The cross-secctional araa of the -aain *-od-; of the unn-ao-iinad, ra--ri n ratio
s"ould not be u.nier 3: 1 -of- the a'rea of th~e inf-ot; thne nachi--ed, fiuich--ed fr in
ratio should not be ujnder 2.5: 1; -:alms, fla-nges and similar enlar, >-.. ents on the
forging shouldI not he under 1.5: 1.

(2) .dhen- -ie for--innres are :,ade fro-i thne steel blanh.s ,t cross- sectiouial area
of the main bcdl7: of the firnisned for--ir'- slhould. not be lass t"hnn .r: flan-es

an iilar enla-rge- entcs on fo :rgn sh'oul - no-. I e under 1.C:1

.1.7 Endz of' forgin~s sh ould not hr. ave a~iy !uioin- and slackzs; tirsur"face: sh-ou.ld
not contain overlaos, segrecations, cracks,;; scars, slae:s, fi &-es ozu rheoated evaa.dmnces
and octer d73fects. .. i-nor defects that ar.- not iniriouis o -esrn--ho :h
forgin-s akre lle to exist.

5.1.4 Structural defects steel blanks or forgings and non-metallic inclusions and
other defects shou-ld comply wvith the require-aents specified belox,:

(1) DurinF, examination, cracks that can be seen ;;ith the nak-ed eye, non-metallic
imourities, -white spots, segreg,ations, overlas, shrinka-e holes and other defects
t;hat can not be elL-minated after machihing are not allo.':ed.

(2) grades of structural defects shou.ld conol:7 Arth the requirene ants specoified in
Table 5.1.4 (2): Table 5.1.4(2)

T TyO of Stel yP 13 Cf
N~ot -roater than .rade)

Ste.,ll tt Mt 3.0 3.0 3.0 3.0 2.0 0
2.5 2.5 2.5 2.5 -1.5 a

tt Ittl ik S* 4II 303.0 3.0 3.0 0
?o~~s ~~~2.5 2.5 2.5 2.5 /0

*(3) Soifioations and grade of' non-raetallio Lrnuities and defects
should conoly with reluuirements 7ire in Table 5.1.4 (3).

Table 5143

?YeType of Steels Ilot zreatar than

3.0 3.0. 5.5
Steel

Blaks ~ ~3.0 3.0 5.5

Ste ) ttJ 12$ 4 N' 3.0 j 3.0 5.5
Tor5:.nsI f2. 2.5 C.5



Note: (1) If the st-.el contains any nitride, lisU it as
oxide and classify it accordi-s11:o oxide grade.
(2) If the steel contains any sulphate, list it as
sulfide and cl.ssify it accordi'- to sulfide -rade.

/These numbers oorras- ondent to the transltio in the t, tobl" c-1e

,; Central sleccs -iAh-3ality carbon structural st -3ls

General slac*.hs Alloy structural steels
Sqaese :seratiors ;' xide

Spot segerations Sul ,'ide

Air bubles 1 S u of the zwo
u4hite soots

Test Specimens

5.1.5 Snecifications for the number and selection :method of testing sceonIens

of forgings (excluding engine forgings) are as follows:

(1) For forgings weighing under 1000 kg, if several of them fabricated from the

same ingot and subject to heat treatment from the same heat, 1,rst samnle may

be obtained.

(2) For forgings xeighirg 1)0 to 300 kg not nore than 3 m long, 1test saunle
may be obtained from one end of each forging (ecuivlant to upper end of the steel
ingot).

(3) For forgings weighing l03 to 3000 kg and longer than 3 m, and for forgings
weighing more than 3000 kg, l!testing specimen may be obtained from 3ach of the
two ends of each forging.

(4) One set o f specinen, includcall tensile specten, 2 impact specimens; those
forgings that are required to have a cold bending test should also have one (1)
bending specimen.

8o
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5.1.6 Cutting positions of forging specimens should comply v.,ith reouirenents
listed below:

(1) Solid round soecimens should be out 1/3 radius from the surface (refers to
the blank radius of forgings); for forgings -vith a diameter equal to or under
30 ix., specimens may be selected from the center.

(2) Rectangular solid forgings should be cut 1/6 from the line angle.

(3) Tubular forgings should be out 1/2 from -he .,all zhicness.

(4) For obtaining specimen positions of certain type of special for-ings,
requirements may be specified on the diagrams.

Chemical Comosition and Mechanical Prooerties

5.1.7 When using high-cuality carbon steel for forgings, the grade niber,
chemical composition and mechanical orooerties after heat treatment should
comply -;vith che requirements specified in Table 5.1.7 (a), and (b).

Table S.1.7(a)

~u'bar~ C Si ~~~C ~ N
W____ W__________ Not to exceed _

I- -. 0.12-0.19 0.17-0.37- -Q.35-0.05 0,040 0.040 0.25-"- 0.25
20 0.17-0.24 0.17-0.37 0.33-0.65 0.040 0.040 0.25 0.25

.25 0.22-0.30 0.17-0.37 t -0.50-0.80 -0.040 0.040- -0.25- 0.25
30 0.27-0.35 v.17-0.37 0.50-0.80 0.040 0.040 0.23 I 0.25

35 0.32-0.40 0.17-0.37 0.50-0.80 0.040 0.040 0.25 * 0.25

40 0.37-0.45 0.17-0.37 0.50-0.80 0.040 0.040 0.25 0.25

45 0.42-0.50 0.17-0.37 0.50-0.80 0.040 0.040 0.25 0.25
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Table 5.1.7(b)

Steel Dia
mn 'ter' o Mechanical Prooerties Cold 3endover 1830

N:nbe4 Thic~ess;- = dz iameter of
Of in a k bendkf (Ng/m)(%) "% (kg-rn/cm') a -ic1=es, s of

o100 38 20 55 6.5
is 101-300 35 17 25 50 6.0

<100 44 22 24 53 5.5
20 101-300 40 20 23 50 5.0

<100 46 25 22 so 5.5

101-300 43 23 20 48 5.0

< 0os 26 i 19 4 5.0 6.0-0 so ... s - !. .1 - I " 6 . ... -". . .d=2,, -...
10 -00 4 46 4.0 5.0'

<100 54 28 18 - 3* 4.5 6.0'

101-300 52 27 18 40 4.0 5.0d
35 1 d =3

301-500 48 25 17 35 4.0 . 0*

01-750 47 25 17 35 3.5 4.5*

<100 56 30 17 40 4.0 5.0"

40 101-300 54 28 17 36 4.0 " .. d =31
301-500 s0 26 17 35 3.5 4.5*

501-750 48 25 - 17 35 3.0 4.3-

<100 60 32 I5 38 4.0 50

101-300 58 30 1 15 3.5 .5" d=4a

301 -500 54 28 1 35 35 3.5 4.0-

501-750 .50 26 : j 14 34 3.0 4.0

Note: (1) In the table abo7e, * indicates the recqirements

for iL-oact tougrhness for crankshafts,
t.hrust shafts, intermnediate shafts, bobbin shafts,
propeller shafts, crankshafts of compressors,
rudder shafts, and other important forgings.

(2) The indicated value of impact toughness equals
the average value of the two specimens. Lower in-
dicated value for one specimen of the two is allowed, but

should not be lower than 75,0 of the indicated value.
(3) Cold bendover requirements listed in the table
refers to those requiring cold bendover test (according

to Table 5.3'0.

5.1.8 If alloy steel forgings are to be used, steel grade number and mechanical
-roDerties should be approved by the Ship Inspection Bureau.
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5.1.9 'ihen testing cutting; direction, diametrial direction, or transverse
direction of forvings, their mecnanica1 properties shoild ccmnI-ly ,,ith the
recuirements sn)ecified in '-able 5.1.9 accordinv to the lon~ituidin'al reduction
,)ercentage.

-- Table 5.1.9

5 5 25 :0 25 10. 10 3S 35 4

1,~echanical Prooerties (~Diszne trial Direction or fransverse
Specimaen Direction Tests
Cutting Direction Tests Al1loviable reduction()

5.1.10 3hen cutting direction cold bendover testing- is carried out for
forgingz, the cold beniding angle may be reduced 305f comparing with longituadial
cold bendover test.

Section 2 Steel Forgings for Shi-h Hull

5.2.1 Niznber oil tes-ts for i-noortazit or najor forginxs should be comiyinS with1
the requirements specified in Table 5.2.1.

Table 5.2.1

6tem -osts, sztcrn ~cA-'bracket, . }:%j 2 >;iir
rudder otockc, -idor hsnle -tel

c su;>Jrc2. Tensile :s
3. L.In- Ct -,s-.
4. 'JiJ_ bndov r tezt (C.:itz -;f

-),:r szeej. : ;~e is .;sed 'r sz.cor
rnd rudtr iaxdie.

F-.2.2 If the steel forvin.-s for shin h-ull are -melded together -.-ith the hull
struicture, those for-ings' carbon contents should not exceed 0.27'0.

::~dn~~fjontwede f ri, s should be subje ,ct to heat treatzrent.
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Section 3 Steel ?orgings for iesel 2ngines and Shafti-g

5.3.1 Nuber of tests for imjortant foraiings should comply with the requirements
sDecified in Table 5.3.1.

5.3.2 Yor crankshafts, connecting rod bolts, and thrust rings of thrust shaftS
in addition to satisfying recuirements snecified in Table 5.3.1, non-0estructive
flaw detection sho ld be carried out; tests for other forgings may De carried
out if necessary.

5.3.3 Forgings with their surfaces already gone through the hardening treat-

ment must be subject to hardness tests and non-destructive flaw ieection.

Table 5.3.1

Name of Forgings Testing Items

Bolts of diesel engine cylinders, through 1. Chemical comoostion tests
bolts, piston nins, cam shafts, main bearing 2. Tensile tests
bolts, shafting flange bolts and other 3. Imoact tests
major shafting transmission parts

Upper and lower bolts for con1necting 1. Chemical comoosition tests
rods, -)iston rods, crossheads, air 2. Tensile tests

intake valves I 3. Lmoect tests
4. Low-multiole constitution

exami::ation

5. ;-etal phase analysis

Crankshafts, connecting rods, shafts of comp 1. Chemical comnosition tests
compressors, blades, thrust shafts, 2. T-:nsile tests
intermediate shafts, bobbin shafts, 6. Imoact tests
and propeller shafts 4. Low-multiple constitution

exazaination
5. l.etal phase analysis
6. C'old bendin- tests
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Section 4 Steel Forgings for Steam Turbines and Marine Gear Boxes

5.4.1 Forgings for main shafts, solid rotors, impellers, ** s, piio, cc -
and main gear rings of steam turbines and marine gear boxes should made of
steels listed in Table 5.1.7; forgings may also be made of other steels with

crior aooroval of the Ship Inspection Bureau.

Soecimens

5.4.2 Number and selection method of specimens of imoortant forgings (such
as those listed in 5.4.1) should comply with the requirements described below:

(1) For main shafts--select 1 set of longitudinal specimens from one end of the
forgings; from the other end, select one M lo ncitudinal tensile szeci-en
and two Lpact specimens.

(2) Solid rotors--in addition to selecting specimnens according to (1) above,
a set of cutting specimens must be obtained from the round section of the
imneller structure.

a
(3) Lipellers--those with1\diameter under 1200mm, a set of specimens must be
cut from the wheel hub; those with a diameter greater than 1200 mm, one set
of snecimens should be obtained from the wheel hub and the rim.

(4) Blades--one batch is manufactured from the same heat end subject to the
same heat treatment ; each batch should have at least 2 steel blanks
selected. One tensile specimen and two impact specimens are cut from each of
the blanks.

(5) Pinions--those with a diameter under 200 mm, 1 set of lonibudinal spec-znens
be cut; those with a diameter gr3ater than 200 mm, I set of long-ituainal specimens,
1 diametrial tei sile specimen, and 2 diametrial impact soecimens should be cut.

For the tooth ring of the main gear, only one set of cutting specimens should do.

(6) 6haft couplings--i set of tangential specimens are cut.

(7) One set of specimens includes: 1 tensile specimen, 2 impact specimens,
end 1 cold bendover specimen.

(8) For surface quenching forgings, the hardness of the quenching surface
should be determined. The determi ed hardness value found in the same forging
should not have a HB tolerance greater than 30, in circumference; should not
have a H3 tolerance greater than 40, in length.
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Suppomentary Tests

5.4.3 Steel for;-in-s for steam turbines and -ear boxes should have supo lementary

tests according to the requirements described b elIow:

(i) cid wash examination-the neck and end of main shafts, solid rotors'
inzellers, impeller shells, and shaft holes should be subject to acid T.ash
examination; their microscopic corstitution should also be examined.

(2) Sulphur seal examinationr--forgings for main shafts, solid rotors, impellers,
s'-z ild bo subject to sulphur seal examination during, the same acid -,,ash examiination
to examine sulohur a egeration conditions.

(3) Heat stabilization test--iolid rotors oerating at temperatures above 400OC
shall be subject to heat stabilization test to examine their stability under
hilgh-temperature conditions.

(4) Visual examination-center holes of turbine shafts and rotors should be
subject to visual examination to insp~ct whether the surfaces have white soJots,
cracks, slacks, oxide skins, air holes and other non-metallic in-ourities.

impellers of
(5) Remainder stress determinaticn--oomoosite type rotors with a diameter greater
than 600 mmn and imoellers of solid rotors with a diameter g-reater than 300 mm'
are subject to be cut with specimens to determine the remainder tangential stress
during finishing operations.

For impellers manufactured in batches, one szoeciznen for testing is selected from
every 20 impellers of the same heat.

iemaindur stress z- may be calculated accordin- to the equation below;

In the Equation
at- r-3-ainder tangential stress, kg,/M2;

8- ringc dimenter av erage deforn ation amount, 2
"E- forgin4 jhatrsrial elas- .ity anodul~s, 'select 20'2 00 '2SIr

D- avereage -w-ater of ring before cutting, rim.

The determined remainder st~ess 6,. sho-ld comply with the requirements

given in Table 5.4.3 (5).
Table S.4.3C5)

IName ofFrgnsRemainder teigmz

Imnellers pmtrtom *

Solid Rotor .s!C .>00.as

V u>qo~j .:~O85U



(6) Ultrasonic examinatian--each hub surface of impellers, as well as the entire
surface of main shafts and rotors should be subject to ultrasonic flaw detection
after heat treatment.

(7) Magnetic particle examination--blades, pinions and gear shafts should be
subject to manetic particle examination. For those non-naone,-ic materials,
examination may be carried out by other methods, -,rith the consent of the Ship
Inspection Bureau.

High Temperature Properties

5.4.4 For steam turbine forgings operating at temperature above or equal to
350' C, specimens should be selected to determine the data on constant
properties at high temperature.

5.4.5 For steam turbine forgins ooerating at temperature above 450 ,; C, heat-
resistent alloy steels should be selected for use.

Section 5 Hot -iolled Steels

5.5.1 Intermediate shafts, bobbin shafts, propeller shafts, rudder, electric
shafts and other major parts of importance that are manufactured of hot rolled
steels, should be in agreement w ith the requirements described below;

(1) Chemical composition and mechanical properties of rolled steels should comply
writh requirements given in 5.1.7.

(2) Th !iameter of roll..d steels should not exceed 230 mM, and should also
be subject to suitable heat treatment.

(3) Manufactured products shoald be undergone non-destructive flaw-detection
inspection.

(4) Each rolled steel is subject to tests according to the requirments specified
in Table 5.3.1.

5.5.2 Types and dimension of specimens of hot rolled steels are selected
according to the requirements given in Chapter II of the Book.

.:.
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Chapter VI Steel Castings

Section 1 General iules

M-:aterials

6.1.1 ,astin-s operating at temperature u :>nr 400 ' C may be Manufactured
w.'iith carbon steels; castings operating at temperatures above 4DO ' ' C may be
raade of alloy steels.

6.1.2 Surfaces of castings should be smooth, should not have any air holes, cracks,
shriakage holes, cold seerations, and soars or any other defects. *.inor defezts
that do not affect their strength -ay be allowed to exist. .ajor defects may be
reoaired by wselding, with the corsent of the Ship Inspection Bureau. Aepair
by welding of crankshafts should be in accordance with the require.aents :iven
in Chapter VI and Chapter VII.

Specimnens

6.1.3 Selection of casting sppci-mens should be in accord with specifications
below:

(1) Soeciriens for diesel engine crankshafts should be cas~ed out with the castings.

(2) Other castings may be drawn from the same heat alone.
One set of specimnens includes 1 tensile speci-aen; 2 impact snecimens; those that
are required to have a cold bending test should have 1 cold bending specimen.

Chemical comoosition and mechanical properties

3.1.4 Chemical corposition and mechanical properties after heat trea.,ent of
carbon and alloy steels should be in accordance with the requirements given
in Table 6.1.4 (a) and (b). If other steels ars selected for used, their
chemical composition and mechanical properties should comply with the designed
requirements, with the approval of the Ship Inspection Bureau.

Table 8.1.4(a)
Hemica. C M ~si Mo C r

Zter GIS n li 3 yo)-.2 03-0r. .<-04 --- I €.005 .4

ZG5 0.12-0. 2 00.3.-0. 0 .0.045 <0.040

ZG25 0.22 0.32 0.50-0.80 0.20-0.45 <0- i 0.045 <0.040ZC35 0.50-0.80 0.20-0.45 <-0.045 <0.0,0

ZG4$ 0.42-0.52 0.50-0.80 0.20-0.4S - - <0.046 <0.040

ZG53 0.52-0.82 0.50-0.80 0.20-0.45 - 0- 'O.045 <0.040

ZG25Mo 0.20-0.30 0.50-0.90 0.2C-0.40 0.50-0.70 1 - < 0 040 <0.040

ZG20CrMo 0.1S-0.23 0.50- .0 0.25-0.45 0.40-0.60 0.40-0.70 <0040 0.0t0

ZG3SCrMo 0.30-0.40 0.50-01:0 0.17-0.37 0,20-0.32 0.801,10 <0.040 <0.040
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Table 6.1.4(b)

Ub> d. 'al 6. - k> Cold aend-
St3e -nber inkg-- i ,nl,.(kg/min') (kg/mm') ( I (%) cm 2.

ZG1S 40 20 25 40 6.0 99"

ZG25 45 24 20 32 4.5 s0

ZG35 50 28 1 25 3.5 go*
ZG45 58 32 12 20 3.0 -

ZG55 65 35 10 18 2.0 -

ZG25Mo 50 27 20 40 4.5 so'

ZG2oCrMo 47 25 " 18 30 3.0 90"

ZG35CrMo 60 40 12 20 3.0 g00

Note: (1) Cold bending test n the tabie snouild comply .ith requirements

given in 6.3.1 (d is the bending di-eter, a is the thiolaiess of

the soecimen).
(2) Th indicated value of impact toughness equals the average value

of the 2 soecimens. One of the two havinug a lower vlue than
indicated is allowed, but should not be less than 75'o of the value.

Section 2 Steel Castings for Ship Full

Items to be Tested

6.2.1 Testing items for major steel castings are as indicated in rable 6.2.1.

Table 6.2.1

Name of Castings Testing Items

Stem posts, stern posts, cross- 1. Determination of chemical comoosition
heads, rudder fans, and rudder 2. Tansile tests
handles 3. Imnact tests

4. Cold bendin tests

.Telding

-.2.2 Those castings that are welded by electric weldin Arith the ship hull

* should not contain more than 3.27o of carbon. Major castings by welding must
be subject to heat treatment.

Tests

3.2.3 After mechanical testing and surface inspection, castings for stem

nosts, stern costs end crossheads should then be subject to falling tests.

.8



(1) During testing, the casting temnerature should not be below 0 C, hurling
the castings on a hard floor surface (l meter thick cement) or on top of

steel nlate.

(2) Stern costs of solid castings may be hurled at 45cangle, letting it fall
freely to floor. Other castings may be hurled from a height of 2 m; test
results should not be having any cracks or breakage.

(3) For comoosite heavy castings, if the carts had been subject to falling
tests, such castings need not be subject to the falling test.

6.2.4 After the falling test, castings should be hung; using 3 4 kg hammer
and strike at the castings to inspect if there are cracks and air holes.

Section 3 Steel Castings for .achinery

3.3.1 Major castings should be subject to the testing items required by
Table 6.3.1.

Table 6.3.1

Name of Castings Testin Items

Diesel engine base, engine supo arts, cylinders, 1. Chemical compoistioi.
be: Js for uoper and lower connecting 2. fensile tests
rods, main b~arigs, thrust bearings,major 3. Ihoact tests
valve shell of steam boilers, valve shells
of side valve and bottom valve, stern

shaft pipes, diesel engine cylinder covers.

Propellers, crankshafts, cylinders of 1. Chemical comoostion
steam turbines, nozle box, partition 2. Tensile tests
plates, gear box shells. 3. Impact tests

4. Cold bending tests

6.3.2 Cold bending test for materials for crankshaft castin7s is conducted
at an angle of 180; bending diameter d=2.5a. Lanufactured products for
crankshaft castings should be subject to non-destructive flaw detection
inspection.
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Chaottr VII Iron Castinzs

Section 1 General Rules

7.1.1 Iron castings for ships may be manufactured with tray cast iron, nodular
cast iron, or other hizh strength cast iron.

7.1.2 Cracks, air holes, shrinka4e holes, oorous soots, s-.nd and slag ;ranula-
tions, and other defects are not allowed to exist in castings. ?inor defects
that do not affect the strength of castings may be oermitted to exist. Defects
of major castings may be repaired by wvelding wich the approval of the Shio In-
spection 3ureau.

Section 2 Gray Iron Castings for Ships

7.2.1 i:jajor testing items for gray iron castings should compily zich the reuire-
ments specified in Table 7.2.1.

7.2.2 Testing samples of gray iron castings should be ooured separately and from
ladles of iron used to pour the castings, and from the sane heat. Three samoles
each are selected for tension bending tests; types and dimensions and testing
method of the samples should compily writh the requirements specified in Section 8,
Cha .ter II of this Book.

Table 7.2.1

Name of Castings Testing Items

Diesel engine frames, engine bases, Bend resistence tests
cylinder Gaos, sternshaft pipes

Diesel engine cylinder blocks, 1. Hardness tests
pistons, guide plates, propellers 2. Bend resistance tests

Cylinder liners, piston rings 1. Tension or bend resistance
tests

2. Hardness tests
3. Microscopic inspection
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7.2.3. Aec'ianical croperties of gray-iron castings should comoily -7flh the
requirements specified in Table 7.2.3.

Iable 7.2.3

Gray Io Tnsile Aesistanc 3end Aesistence Brinell Hardness

Brand -ber 0etmn1) a

HT 15-33 15 33 163-229

HT 20-40 20 40 170-241

HT 25-47 25 47 170-241

HT 30-54 30 54 187-255

HT 35-61 35 61 197-269

HT 40-68 40 68 207-269

Note: In the results of tension and bead resistence tests, if two
of the three sw!Lples comoily whith the listed value snecified
in the Table, the castings arc deemed acceptable.

7.2.4 The graohite for castings of diesel engine piston rings required for
microscooic insoection should show non-directional minute oarticles, with their
microscooic structuros of oerlite (snong which ferrite should not exceed .

Section 3 Nodular Iron Castings

Testing Items

7.3.1 Testing items for major nodular iron castings should comnily with
Table 7.3.1.

Table 7.3.1

Name of Castings festing Items Samole Selection Lethod

Diesel engine cylinder 1. Tension tests Semoles are cast individually
blocks, cylindor 2. Hardness tests in each heat.

liners, pistons Three tension testing smones

Shaft coupling, 1. Tension tests Samples are cast individually
propellers in each heat

2. Impact tests Three tension testing samnles

3. Hardness tests Two impact testing samples
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Specimens

7.3.2 Dimensions of test somtles for nodular cast iron are soecifiea belo-:

(1) 2iemeter of samoles for tension testing is 10 m-, ,iith a .- e 1ensth of
50 -m; soecimens w-th a diameter ea:ceeding 13 m and a sage length five n.ms
the diameter may also be used.

(2) There are tw,.o tpes of soecimens for imoact testing:

Tyne l--Sneci.ens of 10mm, X l0mm X i5mm, :ithout notches and with a snDn
of 40 -.n during testing.

Type II--Soecimens of 20am X 20mm X I2 m, without notches qnd .-I-ith 9 soan
of 70 -= during testineg.

:echanical Prooerties

7.3.3 :echanical oro-erties of nodular cast iron should comoilw with the re-
quirements soecified in Table 7-7.3.

Table 7.3.3
Tensile Yield i3lonoa-j Imaact I Brinel I
Stren:tt Point Ition rad k Hardness

ab . 6, ks-r
3rand (kg/mm z) (kg/m .u) (%) Icm H- a ' act

QTot ! 'aI' s I t T'reN7ot less than
QT 50-.5 " 38 .5 1.5 . 187-255 T pe

QT 60-2 60 42 2.0 1.5 197-269 I

QT 45-5 45 33 5.0 2.0 170-207

QT 40-10 40 30 10.0 3.0 156-197 T

Not'.. (1) In the results of tension testing, if t:wo of -he three soecb-.ns
meet the listed value soecified in the Table, the castings are deem
acceatable.

(2) The listed value in the table above for imoact toughness is
equal to the average value of two so3cmens. Cne of the t:wo speciunns
,ith a lower vulue than the listed value in the Table above is
nermitted, but should not 'Io lowar than 75. of the listed 7due.
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Section 4 "Nodular Cast iron Crankshafts

7.4.1. Lhen nodular cast iron is used to fabricated cronkshafts, :he tensile

strengh of the nodular cost iron must compily :i-th the rocuirments s5ecified
in Section 1.2.1 of Book II. At the saeme tine, the various technioal corditions

in mnnufecturing crankshefts by using nodular cast iron 3should be a'proved by

the Shio Insoection Bureau.

7.4.2 The following casting data for each individual or each batch of crankshafts
(refers to the crankshafts cast in the same molten iron in the same heat) should
be recorded for use by the Shim Inspection Bureau for examinaticn:

(1) Pouring temnerature of molten iron

(2) Chemical comnosition after obtaining a ferritic structure of the molten

iron (the spheroidizing procedure)

(3) Temperature of molten iron during casting

(4) Time from the beginning of the soheroidizin; crocedure to after pouring
(if the specimens are obtained from the crankshaft castings themeselves, this
recordins is not necessary).

Heat Tr-,atm ,n

7.4.3 Crankshaft castings should be subject to heat treatment to eliminate
any rnaining stress. If the specimens and the castings ...ere cast separately,
the s-oecimens and the castings should be subject to zhe same heat treato9ent
to 5ether.

Soecinens

7.4.4 Selecting method of crankshaft casting speci:nens is specified below:

(1) .Jhen a batch of specimens is obtained from each nodular cast iron crank-
shaft, the snecimens should be cut vertically at 1/3 the distance from the
outer side :;all of the casting head.

(2) '7nen a batci, of small-t~rte, nodular cast iron crankshafts is cast fro:m the
sane heat, soecimens and castings may be cast separately, but a batch of
specimens should be immediately cast after the final crankshaft casting is cast.

(3) A st of specimens include t';,o specimens for tension test and tv.o for i-oact
tests. At the s>"ne time a number of socoimens should be considered fcr retestin_
if needed.

(4) Soecimens should be selected or cut from castings; they should all be selected
with a method that does not impair the characteristics of the material.

(5) The diameter of the tensinn test soecimen is 10 mm, with a i:aze i.n-th of 50 mm.
Scecimens with a diameter exceeding 10 mm may also be used, .,ith an e !enth
eiuals to 5 times the diameter of the soecimen.

Dimensions for the impact test so eiriens are 2Jmm X 20mm X 120rm, without notches
and with a scan of 70 mm.
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Tests

7.4.5 iechanical cronerties of nodular cast iron crankshafts after heat treat-
ment should meet technical and designing reauirenents approved by the Shi
Inspecoion Bureau. If one of the two soec:mens during tension and iract tests
-roved unqualificd, anothcer soecimen should be selected for retestin,:; if this
is deemed qualified, then te castings are considered acceotable. If the re-
testing is still not qualified, or the two speciens bcth oroved ,unquolified
during the first testing, the castings should be unacceptable and discarded.
The castings are then permitted for heat treatment once again and then subject
to all resuired testings; the acceotable ones are to be used.

7.4.6 Each individual or each batch of nodular, cast-iron crankshaft castings
should be subject to metal nhase inspection, their soheroidizing rate 'nd metal
nhase coposition sho'uld meet designing requirements.

7.4.7 Nodualar cast iron crankshafts should not have any cracks, cold shots,
and other harmful defects.

Chanter VIII Steel Tubing

Section 1 Boiler Tubes and Steam Tubes

Tolerances

8.1.1 Type and grade requirements for seamlass pines for boiler and stean tubes
should co-ioily -ith the soecifications of national standards or technical conitions
soecified in the ourcho sing order. tall thickness tolerance of seanless Dices
should compily with the requirements specified in Table 8.1.1.

Table 8.1.1

Types of Steel Pipes Allowable Tolerance of Pipe .all Thickness (")

Ordinary Pines High Pressure Fines

Hot .Aolled - 15 - 10

Cold Drawn -10 -10

'ote: Hig-h oressure nices refer to boiler a d steam nines v;ith
ooeratirn. Dressure exceeding 60 ki,/cm;.

'esting 'Quantities

8.1.2 Each batch of sewiless pines should be taken from the some heat and
subject to -he same soecification and same heat tre-,tncenit; the n'zmber of each
batch of coooer ci-cas should be detezmined es follow:

rdinary pioes. those writh an outside diameter 'Z 70-nm, each batch should
contain not morc than 4J0; those with an outside diameter-- 7mm, each batch
should contain not more than 23).

Hich iressure osoes: each batch of steel cines should not be more than 2).

,y ____
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-xternal Inspection

2-1.3 The internal a-nd extenal surface of the seamrl ess pipes for boiler and stem
tubes should not show evidence of cracks, cavities, scale, lamainaticns or other Surface
defects. If the above mentioned defects exist, they should be completely elii:inated.

The reduced thinness of the pipe wall of the cortion to be el-rinated
should not exceed the allowable tolerance.

Testing Items and Speci:mns

8.1.& After the copper pipes had been subject to external inspection, the testing
items and number of specimens should be selected according tc the requirerlen~s
specified in Table 6.1.4.

Table 8.1.4

Ty,-pe of Steel Pipes Testing Items Quantity of Speci-ens

1. Chemical analysis 1. Select cne specimen from eacn
Ordinary Pipes heat.

2. Tansile test 2. Select two steel pipes from each
batch; select from

3. Flattening test each steel tipe one spec'men
each for tensile test and
flattening test,

1. Chemical analysis 1. Select one srecJmen frcm eacn
heat.

2. Tensile test 2. Select tw"o steel ripes frcm each
batch: select from eo-ch steel

High Pressure Pipes 3. Flattening test pipe one stoclnen ech f or

tensile test, f.atteninq test,
4. N'otal phase test and metal phse test; select

3 specimens for in-.act test.

5. Impact test 3. S ch steel pipe is subject to
ultrasonic defect ixsoec-icn.

6. Ultrascnic defect

insrection

High Pressure
Joint Pipes Same as the items Select one lot of srecimens from

for high pressure each steel pipe according to the
pipes testing items listed for high

pressure pipes; each steel Pipe
should be subject to ultrasc:ac
defect ins:ecticn.
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S3. 1. S or boiler inid stWem di ,hi a wall zempt-raLure exce: ".in 6 % C,
snecimens should also !be, seieoted.1 iet_,rmine the hi4h tac'"rature instantaneous
oro-'r-tiss.

8.1.6 Steel oioes -.rith a ritenrtr under 4%, maroy use seamle-ss s-a
oio'~s marie with hi:-h ~uiycarbon stee)l; their chemi,-zai comosition and
me-:chanical -oro-oerties should -ominily -'ivh the recuirernents sceci-:ied in TsabIle
8.1.6(a) and ?2able 8.1.6(b).

Table 8 1.6(a)

Steel Chemical. Comnosition
Desigrna icn~ ig L PH s: CH NI

C "lI ot toexceed

10.7 0.1 017-0.37 0.35-0O.65 0 035 0.04. 0.15 02

20 0.17-0 34Aj 0.17-0.37 0.35-0.65 -00 00 0.25 0.25

Spe -
T ensile Strength Ped ont~ rcent Elongation

esi-pnation /M 1 6- (Ig/m (kg/m 2 ) (%)

10 34 21 24

20 40 25 20

8.1.7 -~ie i e and seamu paes '4ti-h a ,,ail temoerature excee ing 45Qr C#may use heat-resistinby alloy steel and should be delivered heat-treated.Their chemical 00noosition, heat-treatment system, and mechanical )r opertis
shold o~nly ~sih te rquieme~~ soecified in Table S.i.7(a) and Table
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Table 8.1.7(b)

Longtudi:2al Soeo,ns r- 2razisvers&l Specimens

Steel U2

l g/ m )(kg/ n) (0 (kgMa/m ) (kg/,n,n:)(kg,', m ) (1 ) (kg-.,/cjn1)Des-'at2znI

ISMnV 50 30 19 I

12MnMoV ..-- 4 - 40 . 17 ..

IZMoVWBSiRe 55 32 I8

12Cr2MoVV3 55 35 18

i2Cr3MoVSiTiB 64 45 18

]2Cr2MoV - 48 26 21 6 45 2 19 5

15CrMo 45 2, 21 6 45 23 20 5

'ensile streng th Y ield ooint
Percent elonation 4 Ianact toughness

Note: (1) .hen mechanical properties of steel pipes fail to meet

the requirements specified in the table above, heat

treatnent for a second time is allowted.

(2) ;khen the diameter and wall thickness is allowed to be

cut for transversal specimens, oroperties may be changed

to transversal oroperties; longitudinal nronerties may

be omitted.
(3) For steel pipes with outside diameter3i&5 :m and -,%:all

thic.<ness Z25 nm, tensile resistence strength may be

decreased to 4k/I : i
(4) The listed inpact toughness value is the average value

of three specimens; the value of one of the -hree

sPecimens is Peritt-e to '2a lower t en . th listed
vwlue, but should not exceed i -

(5) hen the longitudinal oroperties are c .. to
transversal properties, the recuirenen-s of the
transversal properties should be a)proved by the
Ship Inspection Bureau.

8.1.8 LonJitodinal tensile specimens "ay be formed into rolled or t:ubed
sceciMens of equal ratio, according to the conditiors of the te'il,
esting machine, after processing or machining. .7hen the specimens

are being rolled or machined, they should not be straightened; when
the tubed specimens are used, the length of the specimens should not

be greater than 300 mm.

8.1.9 Flattening Tests:
(1) The length of the flattening snecimenSsho ld be equal to the cater

diameter of the steel pipes, their maxim:u length should not
exceed 100 -m.

(2) Flattening testing should be carried out under cold condition;
after flattening, specimens should not have any cracks or breaks.
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(3) After the steel oices have been flattenea, The outside late
distance from H is obtained from the follo.u:in° equation:

S
D

",'here

H=distance '" et-,en flattenin; ilates in -na;
S =soecified waall thiccness of steel tube (-i.-e) in mm;
a=defor.ation per unit length, for carbon steel ).37;

for alloy steel ..08;
Dzspecified outside diameter of tube in rm.

itydrostatic Test

8.1.10 Each boiler tube and steam tube should be hydrostatically tested at the
manufaotiring mill; the hyirostatic test pressure Ps is to be determined by
the followin. equation:

P._ 200SCO)
d

J.'ere

P5, hydrostatic test pressure, in k /on2 ;
S =minimum tube wall thicimess in mm;

Cg- allowa-ble stress k/mn , use 4-% -- 1 -113 lowear
liait value of the tensile strength of the tubes;
for high pressure tubes, use 0.8b tiries of the ;ield -i)nt.

d specified iTside diwaeter of the tube, 
in mm.

rhe testing pressure should be 75 k&/cra2 in minim=; but must not exceed 4)0 k&/ca2 .
Hydrostatic test results should be indicated in the quality certificate by the tube
manufacturinz raill.

Section 2 Seamless Steel Tubes and felded Tubes for Other Purposes

8.2.1 Seamless bubes may be fabricated by using ordinary carbon steel. Their
chemical composition should be ascertained to contain sulphur not to excee.
0.055'; phosphorus contents should not exceed 0.0451. Their measgauioal properties
should compily *aith the requirements specified in Table 8.2.1.

Table S.22.

e s -e Ild ,.orcen

___R ng Vaonn-.
Steel Design4( ___)/_(_/m__) (_ Steel Pipe Flattening

tion "ot loss tIDelivery Condition Test

Ai.ASt.AJ2 34 22 I 24 F ot Rolled To bei Carried out according
,.As,.A, 38 24 j 22 Hot Rolled tc 8.1.9

A,.AS..AJ, 42 26 20 !Hot Rolled
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5.2.2 Surface cuality, allowable dimensional tolerances, and hydrosta-ic tests
should compily :.vith the requirements specified in Section 1 of this cha'ntr.

8.2.3 Telded steel tube surfaces should not ha-Te cracks, scars, splits, bsrn
socts, deep markings and other harmful defects; but such defects as pressure
marks not exceeding ti -e . .,,all thicrness tolerance as yell as oxidized metal sl:ins
may be qllowed to exist.

8.2.4 The mechanical properties, technical prooerty tests and hydrostat'ic tests
of welded steel tubes should meet the technical st-andards for suc'L products.

Chanter IX Non-ferrous Metals

Section 1 Propellers

atarials

9.1.1 Copper alley propellers (including propeller blades) may be cast w-'ith
mananese bronz or high strenzth alaniniza bronze alloys.

Testing Items

9.1.2 Testing itnee for propeller castings are as follovs:

(1) 2hao.mical analvsis--soeL'ens selected according to the ladles;

(2) Tensile tests--select one tensile soeciLmen from each castinc;

(3) External inspection--each casting shsold be inspected.

Specimens

9.1.3 a.7-ing steciens are selectad fra the follorin metrhods:

(1) Then a soeciaen is dravn alone, the test sanmple should be cast according
to the cast coupons; if a zasting is poured from several coupons of molten compper,
each coupon of molten cooner should have one specitaen.

(2) If the secimen and the casting are ooured together, the specimen essition

and its .nechanical properties should be acor .- d by the Ship Inspection 3ureau.

Chemical Composition and echanical Properties

9.1.4 The chemical composition and mechanical properties of oropeller castings
should compily with the requirements specified in Table 9.1.4 (a) and (b).
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Tahie 9.1.4(a)
Tes  I £ !

TeCu n) (;) Fe (.) Zn ( ]) Al ( )

HMnFe 55-3- 1 55-58 3-4 O.5-1.5 ,, -.- _..... ....- c unt
ZHAI67-5-2-2 66-68 1.5--2.5 1.5-2.5 r.4-6

Table 9.1.4(b)

STensile S+-enath Fercent EPor ,r Lcn
Ste-eb ( a-mna,,cr a (oA)

H N nFe 55- 3- 1 : r Al .45 > 15

ZHAI 67-5-2-2 >52 >12

Note: Other copper alloys, if their corrosion resistance is good
and that their mechamical properties comnily with the
designing requirements and with the consent of the Ship
Inspection Bureau, may also be used.

9.1.5 Casting surface should be of uniform grain, free from air holes, cracks,
shrink holes, cold soots, scars and other defects. .:inor defects that do not

effect its strength may be pemnitted to exist. Defects of major parts may be
repaired by -elding, -ith the agree-enz of the Ship Inspection Bureau.

Section 2 Stern Shaft Co.oer Sleevies

9.2.1 Stern shaft copper sleeves may be fabricated with zinc bronze or
manganese bronze. Testing itues for castings are as follows:

(1) Chemical analysis--specimens are selected according to the ladles;

(2) External inspection--each casting shall be inspected.

9.2.2 Chemical composition of stern shaft copper sleeves should be ccmrily
with the requirements specified in Table 9.2.2:

,,able c.2.2
2'"' Mn (54)

ICpes c W s_ _ 010 M _ M

Qao 10-2 RamA-"in- 2-4-

HlMn 58-72 -. ~ 5 7-60 - irng - 1-2

9.2.3 Casting surface should not have sprues, burrs, air holes, cracks, and

other defects.
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Section 3 Al~tinum Pistons

9.3.1 lurqir-a oistons for diesel engines may be manufactured or cast Av~ih
al--mini alloys. 'esin S items for castincSs are as follows:

(1) Chemical analysis--s-ecLmens are se2eted according to ladles;

(2) Tension tests--cne soecimen from each ladle, with diczeter of 12 -m,
gague length _3 i2m;

(3) Hardness tests;

(4) External insonction--each casting should be inspficted.

v.3.2 Chemical canposition and mechanical oroperties of al-zainum oistons
should compily .-,ith the requirements soecified in 'able 7.3.2(a), (b); if

other al.unin= alloys are to be used also, th-eir chemical comnoosition and
mechanical properties should compily with designing requirements and had the
consent of the Ship Inspection Bureau.

Table 9.3.2(a)

T y p e s C U 0 0.I %) Cu ('' M. (, Mg (%) Al (;

Z L 3 5.0-6.5 6.0-7.0 - .3-0.5 Rem iinn- n j

Z L 1 11-12.5 1-2 0.c.9o4n.10.5-0.9 0.4-1. ieainn

Table 3.3.2(b)
Types !Tensile Strength Hardness

, S (kg/mm'-) HB Heat Treatment

•Z L 3 >17 95-140 , ging

Z L 6 ' >25 95-140 uemchi'- nrd a ia:-

9.3.3 Casting surface should be clean, without air holes, cracks or other defects.

Section 4 Bearing Alloys

9.4.1 searing alloys for hull machinery may be of tin-based bearing alloys,
lead-based bearing alloys, aluminumn-based bearing alloys, or conoer-based
bearing alloys.

Testinr items

9.4.2 Testing items for bearing alloys are as follows:

(I) Chemical analysis--specimens selected accordinT to ladles;
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E2 'xte rna 1 1 -:c L Dn -- o i z i S, 0;; I'd 1 -v Ia 1i 0t

i , )-tO:.-1si r e sUo-z -manc n S 3 n". 7~o 1

I.oa to ooosi io

9.43 henoa oaooio~n f .air 1lo ) L.3s tMbennaoor s :.' S

ra-.,.-ire-a~nts soecifiod in Table 9.43.

Types Sn(, A .
Zi~r~k~u-ier'aain- V- I,

j~SnSk' 7.!.-
CjIbSb :---1S*.-. A

-1 3ZA emaining -

(OI)Tin-cc,~e amo unt273

.-e Leuiremants

9.-,. 4 Surfact of each be9,.ring alloy should be z-nooth and clean; shndnot
ccntain any slajs, non-metallic and ot.her iriourities.

).41.3 3earin-- alloys sho-2ld be bond with the base ue-nals.

5. 4.6 2or cz:o-or-lu3ad alloys, t he is-ad sh.,oald ',-e of 7udlA--1- -r am nds

:v~~~ior ',csl on oho o r base.

section 5 3ondeaser Tub.es and rb l.o

1.. 30-,10-13r tubes 3xnjos~d to sea water may~ be fabri3-.ted .'rt ro-
za~nr-'arass all ys.

B atches

.) .5.2 Each batch of tubes should be made of the some alloy kind -,-d subject

to tile samne 'orminz anid heat treatment. Each batch should not excu ed 1--.
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Pastin- Itcri.s 5..nid 3 eci- ns

r.. estinS i7:ems ad soici:_ens for cord.2s r tuoc)s ar ' -3s follows:

(1) C::,)mical anaysis--si-eoCi:ens are selacted acccrdi- -rr 1_-ites;

(2) >.-,ns~on t-oes- ecine~n frcm each 'batch;

(3) 9'1aterain r test-t-,-o s:cecInans from aach batch;

(~) renk-o tst---;os,)cimens frcra eac- batch;

(5 iydros-tac ic tast-Ihea entire ba ,ch. of tube10s;

(6) 'Extcrna1 xnntir-tr specimens fr-_:: each.. batlch.

--heical Jornoosition and .- chani-.al Prjuertie s

9.5 ,.2emical co:rroosition and mechanioal -,ro-.ert.ies D: -,:zbes s-:i :d oo:iywit

the requirements specified in Table -. 5.4(a) and (b).

Table 9.S.4(a)

1iAt - 2 76-1-9 lim-i I
HSn 70-Z 69'-71

F[Sn 62-1 6-6

IMaterial Tesl

-RAI 77-! SO ft

zE~ 70-1 
50U11-hard >3 30

Sermi-hard

LS n 42-1 Soft

3.5.5 2he flattening test should be carried out in cold condition; during7
tmstinctt the socoimens should be flattened to 35" of the orixinal outside
diameter; tile flattened sneci-nens zculd not a'e ny crack-s.

9.5.6 3reakage testing should be conducted as follows:

(1) Tw.o soctrten oieces should be cut from each bata~i of tuzbes, 15C0 lono-.

(2) Soacime! ns should be submaerg-ed in mercury nitric solution for 2hours.

(3) Soccinions ta&:en cut of the solution should be observed, ,.a-lifyring
.5-10 times, %nd should be free of crs.c',,s.
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9**7 >si'xpresure is 5J k;'ri-.rin-, trne -'irso ,i st, fo:ra 4:,

of11-13 scoinds. Tubas after t"e :rse~ c~so. a
cra- ,c and

*~~~ s , -a' c s-mni o~3 ioi 41fas s
ce , -0 '-'re an-, nz'-ec . ~ r 0'' 4 r ni, - & .rs

r

;rlss c--.~ coi .osition'. - ncl ~r rs snsl
ren- %ur 2-r -,s s-. i -d in 2a' ~ 'r ()

2ab o 3.(a)

",7 e S cu (11 Pz~ % Zn ~ ) Sn (% .Nn

HPb 59-1 57- IJ C.;-1.9 .e - n- 7

HSn 62-1 61-SZ- 2O.'n .-.

HMs1 58-2 S-- ei. i- -1-2

_,ateriul I Tisi]. e rco ct ) nerca n
Condition ab~kg/mm-l*

HPb 59-1 S)oft 35 25
HSn 62-1 oft (oat r 2j35 (ot roiled) 2.)
HIMn S8-2 Soft 39 30
Hpb 52= L "ard-5

HSn 6Z-1 adrd 40
HMn 58-2 nard 603

Thaicter X Anchors and Chains

Section 1 .'._chors

1 D.1 .1 Stosal materials for on'.-ors 7tnvl narts are cl:'S3Lizd t tree _r oia:3_,
to 'b- is,3d iccor-Lin to '2_,b1,, l). 1*1.

Table 1).1.1

Anchor Arr[_n-qe.et H:all's Anchors ad ... iat nh:
__________________ ocke Aichors nhr.Sc:s

.;qmn of Parts Fluk:e to oc 4 zini on:o. hr zo~.Sdv *r~.
____________________Shaft Lce2'cs ~ -n

eteiel 3radcsI I II III 1 I -
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C Mn Si p (kmm)()

;-0. 32 0.5-0.S 0.2-0.45 C.0.045 .05 > 40 >I 00 Z,

38-40 >27..c c--
I:0.14-0.22 0.4-0.55 10.2-0.Z(O 40.045 <: .03 41 43 Z-6 d=0.5, St ec I

I44-47 >25 A,

42-44
1101 0.7 0.4-0.7 0. 12 -0.2 30 0.045 0 3 5 4 2S 180* -

;14 d 22
- - *....49-5 2 A.

1- -ic-~ for c Js'c-~'- "c-v rsr

-n~ ~ .uan nfor cold 'bonrdin---n cold ba ri. sa
,3 ! t f,1a - b "-!1 o .: a cross Dria of 7-7 xr

1C - n orner eas a' a ad
-~-~ ~ -~~- * o 5i on -,n-es~c ofs-:''s

it, 3.~- .. ross Section ofr~A 1, x 1'.5 a~
C1, a 25 -.-. *I j r13o he)- is-d.

ii1 ' o.1.4noor b nesd, onlyr t.-e a'riia---s ~~~~
-s-o-el Cn ;uiyartiiaion

Pcs ia- -s

1 1 tol~sonhrnnro 11,c--jt, anc.-.Or stoo,.Zs, as ;.o s
one aoo r ve1de'; t b~.a o io-: of-nc',or vdi h s-.oc'bs oioh is ~-'

(nt :c1oi~.::or~~t4stocics) oilor rrae n7S , l
su'ojiot to T-i droo test.

-)r,- !itssor~rs. <.* :t~~

(2) Arcnzor D~r-,s virh --might eq~ual to ------ !:-

(3) nor or parts o.rith .~~t1.~~35a

'he saeacimens aro c -oD e ;roozp-ed on1 SL Ot ~ lo ."n whh is -anrdo-
on th ~rc nd.
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~r--as -r "*'-''s§:on, is to -D s : t ~ a n ?:z~-''
)i3n~2'31! Ls loe s S_'_~ L' 1o~~i i

r,- o t 1-ss t'-.n .3 '1,;-. If r.i a ar ~
dCtneu -0icr>tCie droo) tso S.3c- -,-d

kor r 3 i2. r- ar-: c= o f an. r .s r

111 Jio-i fa-or';oy ~ o. th! io -esz: fora
0 5k-, ' so cs sh- ild ob c'rrie DA It. I '-

5 , s at o n - sidea s-.-.outo'ry sn'aco4. std a-,ad -- ac
. ro ara.P h a-arrt o thno bill, as in' __ "i

Ic so of s oza.- ch-ors _.iio -cc '3 :oS - c

3 D 3 zo c i -,s -)f t r' an~c.s --:d' no S t

Ir -- se of anc'.-ors -:iit v-to fixod axl-san '-,-i "r0 nRc
-essts, is to lieol:a secaratel' to the tw-Ao ar-ms.

!1.1.7 m e tension ne-st :rnder thoe load for ncohors shook-1l io n a, 0) ce
;.'ih ch rooirenens s:-ifiil. in Fable 10.1.7.

Fi-ure 1;D.1.6 fensile '-'ests for AnchLors

Tlable 10.1.7

1arq ae;.gnt LLoad od Load :1 le i ht
(1 0(g) Loa f i(t) 0 ~g

An~rAn,~~ 6 - g)~

*75 3.4 300 8.5 900 19.3 S000 0.

00 4.1 350 9.5 100 2. 50 5.

1 2 4.7 400 10.3 1250 25.0 4000 59.3

150 s 5.4 450 11.4 1500 29.0 4500 e4.0

17S 6.0 S00 12.2 17S0 33.0 _000 a8.3
00 200 6.5 600 14.2 2000 36.5 6000 7IF.0

25 7.0 700 15.9 2250 4. 00 8.

20 7S So 17.8 2500 43.0 8000 SPA0

1 7 __3.1 250 8.5 - ~ 700 13.6 2nel00.

o..3 125 4.1 4008. 10077
05 4.34

200 5.6 600 12.0 1500 24.2

-C,7



10.1.8 .rior to the tensionini test under the load, a ?)nch mork is to be made
on the anchor sha't ,md al,;o on ea,.h bill of arns. "na anchors re then subec7
to e oreliinar-r 5 minute tension by a load equ. to 50' of the load. "hc load

is then reduced do-rn to lO01 and the distances between the ,inch marks are
.measured. Aft, r this the load is increased to the tinsioning teat value and
.ain-ained d iring 5 minutes. '2hen the load is reduced to i,: and the distances
between the punch m.arks are measured a-ain. 'he increase of the distante zetweet
the tuznch marks should not exceec 0.5 of :,e ititial distaunce.

.At r tho e ,ic :st, the free rotation of the heads of the anchors through the
cooplete anjl!c is to be controlled. In case the rotation of the :heads is

im..oeded or they rotate t'.rcuigh on inco:m olete angle, tho defects s-.Id be
found and eliminated and the test receaLed. If the results are unsatisfactory,
the batch of -anchors are ;orthless.

Anchors with stocks gre subjected to be onsion tested, wit.h the dista:nce bet-.: n
zhe .inch marks which is measured before and after the a:'7lication of the proof
load -hich is to be apolied for 5 minutes. If residual defor-ations are aoc.carant,
the anchors -r(, deem w-orthless.

-arkings

li.l.9 Uzon satisfactory completion of all costs, anchors should be st~cc'ed -,ith
their rseoetiw weigh t and the n==e cP thoe :-.anufaturi.g plant, as aell as the
date and qualifieid final testing operations; the markings should be stanmoed both
on the shank and one one of the arms, in -. se of stockless anchors; in case of
anchors w,,ith stonk, the nrklns " hocli oc stmed on the anchors and arms.

For anch.ors used in international ocean goin_ ships, the seal of t-e Ship
inspection 3ureau should also be stanved on ter.

Section 2 Cast Steel Chains

Chemical Comnoosition

10.2.1 Oast steel chains and their carts are fabricated with silicon mang-anese
st!el; Che izal conoosition of the steel shomld compily with the requirements
snecified in Table 13.2.1. iach heat of steel neeas a chemical analysis.

Chemical Ccmnoition of Steel Casting Chains !) ble '..2.1

0,27-0.3 0.6-0.8 1.1-1.4 <0.04 <0.04

"Tcte: Contents of cooper, chromium, and niccle in tre steel each

should not exceed 6.3g.

External Examination

10.2.2 After careful removal of mould sand, casting heads, fissures and other
defects, cest steel chain links and darts are subjected to external ex:aination.
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Hiarmuful defects (such as air holes, sla.7s, eto.) of each chain link should not
exceed the num.bers snecified below:

Chain diameter d 25 46ma---- 4 s,',ots
Chain diameter d 4j 57:mm ---- 7 s-Ots
Chain d;mbeter d 62 -&mx----1D soots
Sefeots -ia- be re naired by welding, which is to be done be3fore quienchinx. 2he

weldins should ascertain the stren-th and surface quiality of the carts.

Chain Link '"oleranoes

10.2.3 Oazt chiain links should be examined their shaoes and dinmensions.
T3lerance3s on the diensions of cnain links and oarts should be in acco-rd--.nce

;ri~ te rcuirenients snccified in Table 10.2.3(a). Tol ~rances for castnod
connlecti- -,surface should not exaaed the requirements s-tecified in Table l..()

Al1lowable Tolerances of CanLinks and Parts Table 10.2.3(a)

~Chain Diarnetdr Allov.wble.folirances
Tro of Cain ai Chain iJia.- nW~ Len:t~ Cin .fidth

Links yia_____

Ordinary Links -

2-5. -- - ±.d

Links 77-110 j =2-0

25-40 1 ..

£nI-d '-amn --inks 43-ST ±35. ±O~jd I; I

* 62-100 1.0 j.-
* 25-49 .3 ±L

Ch~ain Liks ~ _

--Allovabl- Te-]eranoes of' Caist L,,ould Co-nectW Sii0i. .(b

Chain Jiam-eter Aloal Tole tnc n (M M)

(mm ) rdi&rys .1-nd !oecial tn~e r ~.-

31 0.5 1.01.

34-49 1.0 1.0

53-72 I1.5 -___

77-100 2.0

~.echanical Prooertiss of b'tnel (4gstin- Ts Tab I02.

* (kg/=-') tg jkoga in-.

__________Not less t~

45 14 30

-09



.echanical Properties

13.2.4 M-echanical crooertics of cast steel clain materials should cc-.iily with

th-e requirents s!ecifiod in Table 1D.2.4. -Method of selotins suecimens is to

select durin. the castinC process the blanks and chain links and after -eat
troaced, one tensile secimen (.ith diameter of 2 n, suan distance )f 1C mm,

and two scecin-ens for L-';co testing.

,ast chain links (co:-ncctin- links excluded) are allowed to ha-ve their tensile
strenzth reduced to 3 ) ,nm-, -ield ooint reduced to 5 kjizn 2, but at this time

the percentage elongation should not be less than 16'", surface fracture shrinl _:e

should not be less than 351. If the mechanical property test does no- deem

satisfactory, twice the n~zber of s*eci:ens should be tested again. If tnhe

re<-sting is again not satisfactory, the chain links and the b!inks may oe allowed

to be heat treated together and select specimens for repeated testing.

Ln act Tests

iP.2.5 ]L-pact test refers to the irnoact bending test to exaTLin the qulity
of casting and heat tre-tment of anchor chains.
]Imoact soecimens are selected from bach heat one to three links for heat t'reat-

nent after which for taoact testing. During the impact test, one of the crain

links is selected and '1aced on a s-eel platform and to be izipucted for six

tines thout any fracture. Loact moment should be in accordance -,with the
scecifications described in Table 1..2.5.

ihis imrpact test may be omnitted with the azreenent of the Shin Inspection

3ureau if the oroducts are stable dirin; the fabrication in the nufroturin
rient.

Proof Load and Idmact Moment of Anchor Chains Table 10.2.5

Chain Proof Load Impact Chain Proof Load Iairact
Dianeter noment Diemeter Tans ion 13reakin ent

Teans ion 3re aking a-M(f))" It (" m) I, (K) , k-,

23 24.8 37.2 72 57 129.1 180.6 + 6

28 31.1 46.7 102 62 152.Z 213-5 .1 1100

31 38.1 57.2 138 67 173.6 242.5 1390

34 4s.3 68.8 I8O 72 191.9 2 6.8 1730

37 54.2 81.3 235 77 210. 4 294.6 2120

40 688' 300 82 22S.2 319.2 2560

43 73.4 102.8 370 87 246.0 343.0 3050

48 $4.0 147.6 430 ::2 2.5 364.81

9. 13.4 645 100 282.8 1 395.8 4640

3 111.1 156.1 Soo ,. ,

110

' " . . .'- I



3re t-.kin lest

10.2.6 Uoon thu setisfactory comoletion of the in.oact test, a breakin test
for anchor chains and parts (end links, ro ution links, coneotin l'-'ks,
co.rnecting shackles, etc.) should be ca.'ried out. Se.ch bre-.Kin' test s a le is
to be :a de -t of zhrue links of chain. The breaking load shall be a-lied
to at least one item out of every batch of oining or connectir 1nks, s'ri-7els
an, end cast links and end shackles of the sarn.c roducion tech-nique and sane
heat, -Vith the sane diw.ieter, consisting of not more than 50 si:.ilar Parts and
conoonents as one batch.

For breaking test of ;elded chain lcngths one 3-link san-nle is to be selec-ed
froa each chain lenithstaken :rom a batch of chain lengths of the same diamecer
and the same cast and having been heat treated in the sane fiarace charge.

The tests are to be carried out on testing nachines perfonaing slow and sc ead r
increase of the load aolied to the -ample until the s-ceciJLen is broken.
The breakin- load of the soecinen should exceed those breaking loads scecified
in Table 10.2.5. If the load of the soecimen u::ood_ the required load and
does not break, then the stecLmens are deem satisfactory.

U'on satisfactory comoletion of the testing, the chain links of various heat
may be used to form new groups of anchor chain links.

Tensile Test

1..2.7 Uoon satisfactory comletion of the breaking test, anchor Chain links
-nd o-rts are sib ected to a tensile test according to the loads szcecified in
Table 1J.2.5.

During the tensile test, tension is gradually put on the proof load to 20', and
then measure the length of the chain lengths. The tension is then gradually
extended to the required load for 5 minutes, after which the load is reduced to
20'1 of the tension; at this ttie remeasure the length of chain lengths, and compare
:ith the first neasurement. 71hen the diameter of the chain d 43.m, the percent-

age elongation should not exceed 2.5%; when the chain diameter d<43-.m, its
0ercentage elongation should not exceed 3 '.

The breaking number of chain links during tensile test should not exceed three.

All chain len-ths and details having passed the tensile test shall be subjected
to visual insoection and measurement; chain link surfaoess should be free of
cracks and other dofects

i.kings

10.2.8 All chain lengths, rotation links, end shackles, join shackles, and
join links, in addition to be stamoed w'rith the testing load, date and manufacturing

i olant, should also be stamp with the seal of the Ship Inspec:ion 3ureau, if the
chains and their fittings are used for international ocean going ships.

lll
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Section 3 El-otricall,,' .lied Chairis----Lch'or Jhairs,
Aooe Tools, ",iains and .{udder Thai,-s

Chn-.ical -'c:7-osition and .-,echanical rronerties

13.3.1 'eia oonOsitiol arid ni-ohan 4.al nro--rGies of rollod sol. 4
in ecl ctrica'Ly -;elded aruchcr olhainz and link-s and othler fi: 12's sliould conoily
v.ith -,Ihe requiremnents soeoified in T,,ble 13.3.1

_________________Tablo 10.3.1

?artsjab

0.12 0.3 1

& ~42-52 >21 >_23~~A

50-E2_ >26 ->19 d=32 AS___

.Ho r zazotil oo0 ; 22O dO. A2 . A3

-e c j.H 12 2

-~~~~~~~ I >j 5 ~ ~ SL HTI5S3

E} lectrically welded stud and studless c-ain links of ordinary
idextra large si,e chamin links, end links; forced rotatiol

h-ks and forl-d svidless chains.
'- >d'- and 'lorizontal looks of -nd shac',les, zion-scr.w- rotation
links and link ;~, turnbuckles, round lock.,z, stids, and
sh.ackles and join 'i.~;half li=' s and orizo.-cal locks of

,..join links.

U)Lnkc pegs -sid nuts o1 screw-t--so rot;.- 'inks.
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Soec 41mfns

1).3.2 Sec:nens for rolled stuels used in -;.-el'ied chain links should be dividedacoordin' to groscof "th "
o h.eat, ",Vith each aroup with no- more than 103 rolled

secils of s. ne dioxeter -.ot .oreoter than 3 -r. Each 4roup of rolled steels sho.ld
have one tensile tost stecinen, and one cold bending soec:-'.en.

aerials and ,"eldin

13.3.3 All rolled steels used for welded chains should be subjected to external
exemi-atin ; and should not have any cracks, scars, !%intations, and othlr
dfects. Allowable tolerance of the diameter of rolled steels should conoil- with
the recuirenenas soecified in Table 10.3.3.

Table 10.3.3

/iolled Steel 5-19 22-25 28-49 53-62Diameater (-r , " S-1 2-Z . . 4 .

Al l owabl e
Tlrne+ 0:4 +0.5 +0.6 +0.7

Tolerances 0 -o1 -0.1 -0.1 -0.,

10.3.4 Links of each chain leno-ths should be fabricated fr(o.m "zt;"e same t-.e
cf materials. Links should be contact welded or arc welded.

(1) Contact :xelding should not have any slags, overheate- metal and burned snots,
and should be thoroughly welded.
(2) Arc !ielding sho old be thoroughly welded and should not have any aar holes,

slogs, fissures, and arc -rooves and o"hor defects.

The welded materials should be heat treated.

10.3.5 Drin.; -elding of anchor chain liaks, the corresiond location of each
half link should not exceed the requirements soecified below:

Chain dianeter d 5.8 -im--- .5-M
It " d=9.-15 j rL-.. :L.

f " d=17--22 n .----l.- .
II " d=25,-I37 m ---- . .5 rm
TI "t d > 4 3~.----'2.0 mm.

After the chains are welded, the lon-itudinal surface's flexiWlity should be:
;vhun chain di naetor d437 =m, it shotld not exceed 1 -m; -.,hen cboin dieter
d z ,4bD-53 m, it shou!d not be exceeding 1.5 :mm; -,,ihen chain diameter d,: 57 :-.n,
it should not exceed 2 .

Th. welded chains and links and other fittings should be subjected to dimensional
measurement; treir allowable dimensional tolerances should meet the requirements
s-ecified in Table 10.3.5. Table1O. 3 .S

Allowable Tolerances
Chain Diameter Diemeter '2Qlerarge at

d (mm) Chairn Length and idth 3)erdin, Le r!T1

11-15-0.

to-?. tO.id* -0.7

25-49 - 1.0
-1.5

53-6"

)b . .......



'- in, '-st lst

.- ol'in of ohains, . orsin t - sl-i uli 1-! to ;es-. s-.ort
!i-,3 i s i : -,od is E.s foll.ows:

(1) *"ain !cn :ith s';artard 13n~th (25 . d a dienjet,-r I 13 , -
slei:.en o.s-stZ Df 5 li-'ks for each c' in en-th is s- lsot~d; -::ern ;he d i.m' ;.r
d-1-13 =, one secix.en -'s ists of 3 1 z:

-
1lT 

dl d 3*1_-

n i st ss - - s - 1 1 on .: seci n f :a' Y-

3; lo '- -' r S -, -n- i a - 1,? r -z;i tzi -I- -a t . .S-" c i '3,.s 7 , ,. 'D " 3 se 1t f r :.  71 ]ro0, A f 19: t S :_-'d o f the s.3 _ S'. ri:

r' a.- - .,e .--eci.v n ei-o~z ~ r ;u.d zr, "7 ona - .

1r 1

_.reakin °  "et i;to '- =

- 3 breakrin. load of' the 3-pecim.-en shold :-sed S,- rc:k:: o .2- . cfi

'i'g t's oil' rt of the s-)eci-ns i-s: cated o brs&..i oad on ..- etestir. tc i % .o to i,9s-1ruction of C:e oeo.f, ti,- e's'.ber r.f e n sh3o ld rot
b3 lessP than r of t total seIens. 0th r s ecilens acr th-t don-ot brco- shall be i-ea. acce-ptable.

STabic 10-3.6(3)

I Close-link Chains Cpen-link Chains

Diamter Proof Load Proof Load
(mm) Tension _,-reakin Tersion. Breaking

. .. " . . t) j (t)

5 -0.32 0.64

6 f - -0.50 1 .00
" - - i. o.3 , 1.60

S-1.20. 2.40:9 -"-- .I "1.5 5.Z

11 - - 2.30 4.60

13 4.60 7.00 3.20 6.40

15 6.20 9.40 4.30 8.50

17 8.10 12.20 5.50 j 10.90

-__ ". 19 • 10.20 15.30 6.80 13.60

22 13.80 - 20.60 9.20 18.30

- 25 -" 17.70 28.60 11.80 23.60

28 22.20 33.30 14.80 29.60

.31 . ..... 7....... . 40.80 18.. . 1.20 36.30

34 32.70 40.10 21.0 m 43.70

. . 3 ......... ....... 38.70- - - - 5.10. .. .... 23.90 . . f 51.80

40 . 45.30 63.50 -
43 52.40 7.40 -

4_ _.__ _ 60.00 84.00 - _
49 68.00 95.30 j -- --

5792.20 129.00- .
"i-7 -

62 9o.o . igco .I * 152."

IIlk-



ensifl 2;st.

1'. 3. .Jron oca l e-zxon 3a:st 01s:2-7 hai 1-. 1 is sfl>t d
to -,h,- ten-sile ze-,st. T:sietes-, 1022 scnoulc ize in '

t,' -, -' n derc213 -m, snou1z:nroc.zoi.

ais'l. 1 a o-stin., i' t-e n-'- - breek._, cot _itue thIe testi.- vt

-e ' c o ai e:h -- d -- ee, - -.~or oz.ains -ire onct -

""d ,'.or-zh;,srt' sb~ ~ reaka-o does 'ao -coed th~ree at h e i nt
a new test of anotner st.ain linkz ba e receated; the razIes:, srt-ou.la no: Yielid

an:breakcage.

Lb.atkin,-s

10.3.8 U'hon sati sfactory comoletion of the tet, welded chrains sho-uld be

sta'aoed according to th-e recuireajents specified in 1.. 2.8,.
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