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1. Pu rpose . T h e a t t ached " N o t e s o n Inspec t ion a n d Repa i r of Steel H u l l s " is i n t ended to 
d i s semina t ed to Coas t G u a r d M a r i n e Inspec to r s , V e s s e l O w n e r s , a n d Sh ipya rds gene ra l 
in fo rmat ion re la t ing to g o o d prac t i ce in the inspec t ion a n d repa i r of steel hu l l ed vesse l s . 
This in fo rma t ion is furn ished for g u i d a n c e pu rposes . W h e r e specif ies are g i v e n it shou ld 
be u n d e r s t o o d tha t m a n d a t o r y app l ica t ion is n o t necessa r i ly in tended . N o t h i n g he re in 
shall b e t aken as a m e n d i n g app l icab le regu la t ions , or as p resc r ib ing or l imi t ing the 
au thor i ty a n d respons ib i l i ty of the Officer in C h a r g e , M a r i n e In spec t ion in the exerc i se of 
h is g o o d j u d g m e n t . 

2. D i scuss ion . T h e s e ac tors w e r e first i s sued in 1960 to fulfill a n e e d for g u i d a n c e 
ma te r i a l o n the in spec t ion a n d repa i r of steel m e r c h a n t vesse l s . E x p e r i e n c e in the i r u s e 
s ince tha t t i m e has sugges t ed cer ta in cha rges w h i c h h a v e b e e n inc luded in th is rev is ion . 
It is b e l i e v e d that these no t e s cover the m o r e impor t an t aspec t s of hu l l s t ructura l 
inspec t ion a n d repair . H o w e v e r , cons t ruc t ive c o m m e n t s a n d sugges t ions are sol ic i ted a n d 
wi l l b e the bas i s for such future r ev i s ion of these no tes as m a y b e necessa ry . 

3. Cance l la t ion . N a v i g a t i o n a n d Vesse l In spec t ion Ci rcu la r s N o s . 7-62 a n d 4 -60 are 
h e r e b y cance l led . 
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N O T E S O N I N S P E C T I O N A N D R E P A I R O F S T E E L H U L L S 

I. P u r p o s e 

( A ) T h e s e n o t e s a r e i n t e n d e d t o s u m m a r i z e , i n a g e n e r a l w a y , t e c h n i c a l d a t a a n d 

b a c k g r o u n d i n f o r m a t i o n p e r t a i n i n g t o t h e i n s p e c t i o n a n d r e p a i r o f s t ee l v e s s e l s . 

T h e y a r e n o t i n t e n d e d t o s p e c i f y t h e d e g r e e o f t h o r o u g h n e s s o f a n y i n s p e c t i o n 

w h i c h , o f c o u r s e , m u s t b e lift t o t h e i n s p e c t o r . N o r a r e t h e y d e s i g n e d t o b e a 

s u b s t i t u t e fo r t h e e x e r c i s e o f g o o d j u d g m e n t i n t h e s o l u t i o n o f a n y p a r t i c u l a r r e p a i r 

p r o b l e m s . T h e y a r e i n t e n d e d t o s e r v e t h e f o l l o w i n g p u r p o s e s : 

(1 ) S u m m a r i z e a n d c o n s o l i d a t e t e c h n i c a l i n f o r m a t i o n p e r t a i n i n g t o t h e 

i n s p e c t i o n a n d r e p a i r o f s t ee l v e s s e l s . 

( 2 ) P r o m o t e u n i f o r m i t y i n t h e a p p r o a c h t o h u l l r e p a i r r e q u i r e m e n t s 
a m o n g t h e v a r i o u s m a r i n e i n s p e c t i o n of f ices . 

I I . G e n e r a l 

( A ) T h e p e r f o r m a n c e o f a n a d e q u a t e i n s p e c t i o n r e q u i r e s a k n o w l e d g e o f w h e r e t o 
l o o k a n d w h a t t o l o o k for . W i t h r e s p e c t t o h u l l s t r u c t u r e , t h e i n s p e c t o r i s l o o k i n g 
for d e f i c i e n c i e s w h i c h m a y af fec t t h e s t r e n g t h o f i n t e g r i t y o f t h e h u l l t o a n e x t e n t 
w h i c h w o u l d m a k e it u n s e a w o r t h y . T h e m a j o r c a t e g o r i e s o f t h e s e d e f i c i e n c i e s a r e 
a s f o l l o w s : 

(1 ) D e t e r i o r a t i o n 

G e n e r a l o r l o c a l 

(2 ) H u l l D e f e c t s 
F r a c t u r e s , b u c k l i n g o r o t h e r d e f o r m a t i o n , c r a c k i n g o r t e a r i n g , 
w e a k e n i n g o r f a i l u r e o f f a s t e n i n g s 

(3 ) H u l l D a m a g e 

S u c h a s c a u s e d b y g r o u n d i n g , c o l l i s i o n , t h e e m p l o y m e n t o f t h e 
v e s s e l , e t c . 
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( B ) Whi le it is logical to expect more of the difficulties on the older vessels and on vessels 
which have seen rough service, inspection of the newer vessels is also required, because some 
of these defects can occur even after relatively short services. These notes detail, in Sect ion 
III, some of the particular points which have been the source of t rouble in the past and to 
which special attention should be given in carrying out a hull examinat ion. 

( C ) W h e n in the course of such an inspection, one or more of these deficiencies are 
encountered, the inspector must first evaluate if seaworthiness is compromised or not. This is 
calls for considerable discretion because the l ine of demarcat ion subject to some range of 
interpretation. The following factors must be weighed in making this determinat ion: 

(1 ) The extent and degree of deterioration. 

( 2 ) Whether the whole or in part by protective action. 

(3 ) The period of t ime involved before the next scheduled inspection of the area in 
question. Certain areas are accessible to inspection at every dry-docking 
whereas other areas are only exposed during the surveys required by the 
classification societies. A progressing condit ion which m a y be acceptable in 
one area wou ld not be acceptable in another without repair or, at least, wi thout 
a pending requirement for further inspection at a prescribed future date. 

( 4 ) Whether the repair work contemplated is necessary to restore seaworthiness or 
is a maintenance measure to insure prolonged utilization of the vessel. In the 
first case, repair must be required. In the second case, the details of the 
condition should be reconsidered at a future inspection and, possibly, called to 
the attention of the owner so that he may exercise his own good judgment . 

( D ) O n c e a decision has been reached byt he inspector that repair is necessary, the specific 
requirement detailing the nature and extent of the work should be written. The general rule is 
to " renew as original", i.e., to replace the defective structure so as to restore its original design 
and condition. However , in cases where the necessity for repairs apparently s tems from an 
unsatisfactory structural feature, this feature should be corrected in making the repairs. A s an 
example , fol lowing unsatisfactory service experience, square hatch corners have been 
required to be modified by provision of radiused insert plates. W h e r e such a need for design 
modification exists, plans covering the change should normally be prepared and approved 
before the work is undertaken, insofar as practicable. 
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( E ) In s o m e ins tances , the o w n e r m a y des i re to r educe the s t ructura l w o r k co r r e spond ing 
to r e n e w a l in k i n d b y p rov i s ion o s u p p l e m e n t a r y s t ructural r e in forcement . W h e n one 
cons iders the compl i ca t ed a n d cos t ly na tu re of repa i r s invo lv ing ex tens ive r enewa l s , it is 
ev iden t tha t cons ide ra t ion shou ld b e g i v e n to such a l ternate m e a n s of repa i r p r o p o s e d b y 
the owner , or b y the sh ipya rd in his b e h a l f I t h e y are gene ra l ly in l ine w i t h the p r o c e d u r e s 
and m e t h o d s set forth in Sec t ion I V of these no tes . 

( F ) If the ves se l is in c lass , and /o r is a s s igned a l oad l ine, the na tu re a n d ex ten t of the 
repa i rs as d e t e r m i n e d b y the c lass i f icat ion soc ie ty su rveyor is to b e g i v e n full 
cons idera t ion . H o w e v e r , if the re is a dif ference of op in ion as to w h a t shou ld b e requ i red , 
the inspec to r canno t d i scharge h is r espons ib i l i ty b y deferr ing to a n y o n e e l s e ' s j u d g m e n t . 
In such cases , h e shou ld refer the m a t t e r to h i s super ior officer for ass i s tance and /o r 
dec i s ion before the final r e q u i r e m e n t s are wr i t ten . A w o r k i n g l ia ison b e t w e e n the Officer 
in C h a r g e , M a r i n e Inspec t ion a n d the loca l r epresen ta t ive of the c lass i f ica t ion soc ie ty wi l l 
gene ra l ly serve to i ron out such difficulties. T h e repa i r m e a s u r e s set for th in Sec t ion I V 
of these no t e s are to b e cons ide red as genera l p r inc ip les ra ther t h a n specif ic " r u l e s " to b e 
r igh t ly enforced in all cases . T h e y shou ld b e e m p l o y e d as a gu ide t ak ing in to accoun t the 
in teres ts of the ship o w n e r wh i l e , at the s a m e t ime , fulfilling the Coas t G u a r d ' s s ta tu tory 
respons ib i l i ty w i t h r e spec t to s eawor th ines s a n d safety of life. 

I I I . N O T E S O N I N S P E C T I O N 

( A ) D E T E R I O R A T I O N : 

(1) De te r io ra t ion of the m e t a l s t ructure is p r o b a b l y the m o s t c o m m o n , s ingle 
defect in steel vesse l s . It c an b e due to a n u m b e r of different causes or 
c o m b i n a t i o n s the reo f inc lud ing age , i nadequa te m a i n t e n a n c e , w o r k i n g of the hu l l 
s t ructure , c h e m i c a l or e ros ive ac t ion of the ca rgoes carr ied, e lec t ro lys is , local 
wear , s o m e i m p r o p e r feature of des ign , etc . In s o m e cases , such as deep pi t t ing 
a n d ex te rna l g roov ing , de te r io ra t ion is ea sy to detect . In o ther cases , such as the 
genera l e ros ion of age or inc ip ien t j o i n t or m e m b e r fai lure, it is imposs ib l e to 
ascer ta in the de te r iora t ion w i t h o u t ac tua l ly g a g i n g or v e r y careful examina t ion . 
In a n y case j u d g m e n t is r equ i r ed to eva lua te a n d de t e rmine if and to w h a t ex ten t 
r epa i r is necessa ry . 

(B) Gag ing : 

(1) T h e on ly prac t ica l w a y of D e t e r m i n i n g the degree of de te r io ra t ion is to 
m e a s u r e the th i ckness of the m e m b e r in ques t ion and c o m p a r e 
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it w i t h the or ig ina l th ickness . Th i s c o m p a r i s o n is u sua l l y exp re s sed in t e r m s of 
pe r cen t age of w a s t a g e f rom the or ig inal scant l ing. S ince th is de t e rmina t ion 
usua l ly r equ i res dr i l l ing of the hu l l or o ther expens ive p repara t ion , it shou ld not , in 
genera l , b e u n d e r t a k e n un le s s the re is a r e a sonab l e bas i s for doub t as t p - t he 
p resen t scant l ings . 

(2) Th ickness m e a s u r e m e n t s can b e m a d e b y dr i l l ing a n d gag ing or b y u l t rason ic 
m e a s u r e m e n t . In the fo l lowing r emarks , the t e r m " g a g i n g " is m e a n t to inc lude 
b o t h m e t h o d s of m e a s u r e m e n t ; h o w e v e r , the accep tance of u l t rason ic m e a s u r e m e n t 
in l ieu of dri l l ing a n d gag ing is subject to the approva l of the O M C I . See (8) 
b e l o w for r e m a r k s specif ical ly pe r t a in ing to u l t rason ic m e a s u r e m e n t s . 

(3) The re are t w o app roaches to gag ing . In the first, gag ing is u s e d to p r o v i d e a 
quant i ta t ive bas i s for eva lua t ing a ques t ionab le local condi t ion . E v e n t h o u g h this 
invo lves on ly l imi ted gag ing , it sould n o t b e u n d e r t a k e n un le s s the re is sufficient 
cause . D e e p pi t t ing over an area, ho les , f ractures , excess ive ly th in edges o n 
s t ructural shapes , b a n d s or be l t s of co r ros ion ac ross b o t t o m p la t ing w h i c h m a y 
indica te h e a v y w o r k i n g , are all jus t i f iab le bases for requ i r ing g a g i n g in the affected 
area. H o w e v e r , care m u s t b e exerc i sed n o t to ex t end the gag ing so as to h a v e it 
b e c o m e a " f i sh ing exped i t ion . " T h e ship o w n e r shou ld b e f o r e w a r n e d tha t 
r e q u i r e m e n t s b a s e d o n a loca l su rvey of th is k ind m a y h a v e to b e e x t e n d e d w h e n 
the p la te edges in w a y of the r e n e w a l s are e x a m i n e d b y the inspec tor . 

(4) Bel t g a g i n g goes far b e y o n d the inves t iga t ion of a local cond i t ion as desc r ibed 
in the p rev ious pa ragraph . It i nvo lves t ak ing r ead ings a r o u n d severa l comple t e 
t r ansverse sec t ions of the hu l l inc lud ing deck , s ides a n d b o t t o m . It is i n t ended to 
furnish in fo rmat ion w h i c h m a y b e u s e d to assess the ave rage w a s t a g e of the hu l l 
enve lope a n d its c o n s e q u e n t effect o n the long i tud ina l s t rength of the vesse l . Be l t 
gag ing is a ma jo r unde r t ak ing , cos t ly to the ship in b o t h t i m e a n d m o n e y . It shou ld 
be r equ i r ed on ly for g o o d a n d sufficient cause ; as for e x a m p l e , in the fo l lowing 
cases : 

(a) A vesse l c o m i n g u n d e r Coas t G u a r d cer t i f icat ion for the first t ime . 

(b) A V e s s e l u p g r a d i n g he r services to a m o r e e x p o s e d route . 

(c) a ves se l u n d e r g o i n g a ma jo r convers ion . 
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(d) A vesse l w h i c h h a s h a d a s t ructural fai lure w h i c h cou ld b e a t t r ibutable 
to age or gene ra l de ter iora t ion . 

(e) A vesse l in w h i c h the gene ra l cond i t ion , as e v i d e n c e d b y the p a r a m e t e r s 
desc r ibed in p a r a g r a p h (3) a b o v e , is such tha t the re is a ser ious q u e s t i o n 
conce rn ing h e r seawor th iness . 

(5) In the add i t ion to the above , it shou ld b e n o t e d tha t Sec t ion 43 of the A m e r i c a n 
B u r e a u of S h i p p i n g R u l e s for B u i l d i n g and C la s s ing S tee l V e s s e l s also p r o v i d e s 
g u i d a n c e in the ma t t e r of gag ing . A t the specia l su rvey occur r ing a p p r o x i m a t e l y 8 
yea r s after bui ld , a n d thereafter , su rveyors m a y requ i re gag ing w h e r e cons ide red 
necessa ry . A t the specia l su rvey occur r ing a p p r o x i m a t e l y 1 2 - 1 5 y e a r s after bu i ld 
for t anke r s and 15-20 y e a r s after bu i ld for o rd ina ry vesse l s , genera l g a g i n g to 
de t e rmine the th i ckness of shell , deck, a n d o ther m a i n scant l ings is requi red . T h e 
resul ts of these g a g i n g s are submi t t ed to the A m e r i c a n B u r e a u t echn ica l office for 
eva lua t ion . T h e fo rego ing p rov i s ions app ly to vesse l s o n salt water . T h e 
A m e r i c a n B u r e a u R u l e s con ta in app ly to vesse l s , the necess i ty for gag ing b e i n g 
left en t i re ly d i sc re t ionary w i t h the surveyor . W h e r e poss ib le , to m i n i m i z e e x p e n s e 
to the owner , the in spec to r shou ld w i tne s s such pe r iod ic su rveys a n d m a k e use of 
the resu l t s ob ta ined . 

(6) Bel t g a g i n g m a y c lear ly indica te tha t ex tens ive r e p l a c e m e n t s are requi red . In 
this event , a r e q u i r e m e n t to r e n e w as or ig ina l w i t h the assoc ia ted p l a n app rova l 
m a y or m a y n o t b e appropr ia te . F r e q u e n t l y in l ieu of r e m o v a l s , s t rapping or par t ia l 
r e n e w a l to heav i e r scant l ings m a y serve to res to re the r equ i r ed s t rength. T h i s 
shou ld n o t be r e s o l v e d local ly . T h e r eco rd of the g a g i n g s and the p r o p o s a l for 
repa i r shou ld b e submi t t ed for approva l to the C o m m a n d a n t ( M M T ) b ranch . It is 
espec ia l ly impor t an t in such cases tha t the inspec to r va l ida te the g a g i n g s a n d 
c lear ly ind ica te h e cons iders t h e m to b e represen ta t ive of the gene ra l cond i t ion of 
the ship. T h e t echn ica l staff c an eva lua te the r ead ings w h i c h are p rov ided ; b u t 
on ly the inspec tor , w h o h a s seen the vesse l , c an state tha t the r ead ings are 
represen ta t ive . 

(7) For be l t gag ing to be of va lue in de t e rmin ing the ave rage cond i t ion of the 
vesse l , the loca t ion of the be l t s o n the ves se l a n d the po in t s to b e g a g e d w i t h i n the 
bel ts shou ld b e se lec ted b y the inspec tor . E x p e r i e n c e is r equ i r ed to m a k e s o u n d 
j u d g m e n t s in this r ega rds . T h e fo l lowing are s o m e of the impor t an t factors w h i c h 
m u s t b e cons ide r ed : 
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(a) T h e be l t s shou ld b e loca ted in sec t ions of t he hu l l w h e r e i n t he 
seawor th iness is m o s t in ques t ion . F o r e x a m p l e , in a l ight p roduc t s tanker , 
a be l t g a g e d in w a y of the m a c h i n e r y space or a cof fe rdam w o u l d p r o b a b l y 
no t b e represen ta t ive of the cond i t ion p reva i l ing in the ca rgo t anks . 
Simi lar ly , in a d ry ca rgo vesse l , a bel t ac ross the doub le b o t t o m in w a y of a 
salt w a t e r t ank w o u l d b e m o r e mean ing fu l t h a n a be l t in w a y of a fuel oil 
tank. 

(b) T h e loca t ions of the ind iv idua l r ead ings w i t h i n the be l t s shou ld b e 
c h o s e n w i t h a v i e w t o w a r d s de t e rmin ing the ave rage r e m a i n i n g p l ace 
th i ckness no t t o w a r d s f inding the u n i q u e spots of m i n i m u m th ickness . 
H o w e v e r , the w o r s t s ingle spots shou ld b e sough t out first to de t e rmine 
w h e t h e r or no t m o r e ex tens ive gag ing is jus t i f ied. In m a n y ins tances , it 
m a y b e n e c e s s a r y to ob ta in m o r e t h a n one r ead ing to de t e rmine the ave rage 
r e m a i n i n g p la te th i ckness . In such cases , the inspector , b a s e d o n h is 
pe r sona l obse rva t ion , shou ld r e c o r d on ly one f igure w h i c h h e feels to b e 
t ru ly r ep resen ta t ive of the p la te conce rned . 

(c ) Incons i s t enc ies shou ld b e exp la ined in the r eco rds of gag ing w h e n e v e r 
poss ib le . F o r e x a m p l e , a p r e v i o u s l y ins ta l led loca l r e n e w a l in the be l t is n o t 
r epresen ta t ive of the genera l cond i t ion of tha t s t rake. T h e r e a s o n for the 
a n o m a l o u s r ead ing shou ld b e n o t e d or, preferably , the be l t shou ld b e shifted 
to p r o v i d e a r ead ing w h i c h is r epresen ta t ive of the s t rake. Simi lar ly , if a 
r ead ing loca l s t rength , the ex ten t of the r e n e w a l shou ld b e indica ted . Credi t 
t o w a r d s long i tud ina l s t rength cou ld b e g i v e n to ex tens ive r e n e w a l of the 
s t rake, b u t n o t to a loca l ized r ep l acemen t . 

(d) In the case of long i tud ina l ly f ramed vesse l s , the be l t gag ings shou ld 
inc lude r ead ings on all deck , s ide a n d b o t t o m long i tud ina l a n d o n the 
p la t ing of the long i tud ina l b u l k h e a d s . R e a d i n g s o n in ternal shou ld b e t a k e n 
on b o t h the w e b s a n d the f langes a n d shou ld b e so ident if ied. T h e s e 
gag ings m a y b e t aken w i t h a cal iper . 
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(8) U l t r a son ic th i ckness m e a s u r e m e n t m a y b e u s e d in l ieu of dr i l l ing and g a g i n g 
w h e n au tho r i zed b y the loca l Officer in C h a r g e , M a r i n e Inspec t ion . W h e n this 
m e t h o d is u s e d to c o m p l y w i t h a specific r e q u i r e m e n t for gag ing , the inspec to r 
shou ld a p p r o v e the cho ice of loca t ions a n d w i tne s s the r ead ing . A l s o , h e shou ld 
satisfy h i m s e l f as to the accu racy a n d ad jus tment of the i n s t rumen t b y c o m p a r i n g 
resul ts w i h the ac tua l gag ing of tes t ho les . Tes t p i eces m a y b e u s e d to check the 
ca l ibra t ion of the ins t rumen t ; h o w e v e r , care m u s t b e t a k e n tha t the re la t ive ease of 
t ak ing accura te r ead ings on a p r e p a r e d tes t p i ece does n o t resu l t in u n w a r r a n t e d 
conf idence in the accu racy of r ead ings t a k e n o n the vesse l . Surface p r epa ra t i on to 
r ece ive the p r o b e , opera to r t e chn ique a n d c o m p e t e n c y , a n d cond i t ion of the 
" o p p o s i t e " side are a m o n g the m a n y var iab les w h i c h can affect r ead ings . 
Therefore , c o m p a r i n g pre fe rab le to c o m p l e t e re l i ance o n test p i eces for i n s t rumen t 
ca l ibra t ion. 

(9) After the gag ing h a v e b e e n recorded , c o m p a r i s o n w i t h the or ig ina l scant l ings 
can b e m a d e on ly b y referr ing to the v e s s e l ' s cons t ruc t ion p lans . T h e "She l l 
E x p a n s i o n " is the m o s t useful p l a n for th is p u r p o s e ; h o w e v e r , the " M i d s h i p 
Sec t ion" is a lso useful . T o facil i tate eva lua t ion of resul t s , a " P e r c e n t a g e of 
W a s t a g e " n o w o g r a p h is a p p e n d e d to these no tes . 

(C) C O R R O S I O N L I M I T S - G E N E R A L 

Serv ice expe r i ence of the c lass i f icat ion society , w h i c h fo rms the bas i s for the i r ru les o n 
the cons t ruc t ion of ships , ind ica tes that for m o s t po r t ions of a vesse l , w i t h o u t o ther 
w e a k e n i n g factors , a loca l th i ckness de te r io ra t ion of u p to abou t 25 pe r cen t m a y b e 
accep ted before r e p l a c e m e n t is necessa ry . Th i s is b a s e d in pa r t o n the cond i t ion usua l ly 
found a b o a r d ship tha t all s t ructural m e m b e r s do n o t de ter iora te un i fo rmly . Th i s m e a n s , 
in the app l ica t ion of the pe rcen tage , cons ide rab le j u d g m e n t is ca l led for d e p e n d i n g u p o n 
the loca t ion a n d ex ten t of w a s t e d mate r ia l . L o c a l i z e d w a s t a g e of s o m e por t ions of p la tes 
or s t ructura l m e m b e r s in excess of 25 pe r cen t m a y b e accep t ed in m a n y cases , if the 
cond i t ion of the adjacent ma te r i a l is suff iciently g o o d to m a i n t a i n an adequa te m a r g i n of 
s t rength. In these ins tances , careful a t ten t ion shou ld b e g iven tha t a loca l de te r io ra t ion 
does n o t resu l t in a rad ica l c h a n g e in sec t ion or gene ra l w e a k e n i n g w h i c h cou ld act as a 
no tch . O n the o ther hand , the re m a y b e ins tances w h e r e e i ther gene ra l or loca l ized 
w a s t a g e s of less t h a n 25 pe rcen t w o u l d call for r e p l a c e m e n t of mate r ia l . T h e s e 
excep t ions are deal t w i t h in p a r a g r a p h s (D) t h r o u g h (G) a n d in the d i scuss ions of the 
ind iv idua l ma jo r hu l l c o m p o n e n t s . 
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(D) O V E R S I T E O R U N D E R S I Z E S C A N T L I N G S 

There are s o m e vesse l s in ex i s tence w h i c h w e r e bui l t to scant l ings differing f rom those 
r equ i r ed b y the cur ren t A m e r i c a n B u r e a u of Sh ipp ing Rules . In eva lua t ing the neces s i ty 
for r ep lac ing de te r io ra ted s t ructure in such vesse l s , a l l o w a n c e n e e d s to b e m a d e for the 
fact tha t the vesse l w a s bui l t to scant l ings differing f rom the cur rent r equ i r emen t s . W h e r e 
the or ig ina l scant l ings are k n o w n to b e in excess of r equ i r emen t s , a co r r e spond ing 
inc reased co r ros ion a l l o w a n c e is accep tab le . Conve r se ly , w h e r e or ig ina l scant l ings are 
b e l o w r equ i r emen t s , the m a x i m u m accep tab le de te r iora t ion is r educed . A s an e x a m p l e , 
for conve r t ed L S T ' s , o r ig ina l ly bui l t to less t han c o m m e r c i a l scant l ings , V " deck 
p las t ing , 3 / 8 " s t r inger a n d sheer s t rakes , a n d 3 / 8 " b o t t o m p la t ing inc lud ing the b i lge 
s t rakes shou ld genera l ly b e r e p l a c e d w h e n w a s t e d m o r e t han 15 percen t . In dea l ing w i t h 
e x - L C I ' s a n d o ther l ight ly bui l t vesse l s conve r t ed to m e r c h a n t service s imilar r e d u c e d 
cor ros ion a l l owances are in order . A l s o , ind iv idua l m e m b e r s m a y s o m e t i m e s b e m a d e 
overs ize to c o m p e n s a t e for s o m e other feature of the overa l l des ign . In such a case , an 
ext ra co r ros ion a l l o w a n c e w o u l d n o t b e jus t i f ied . B e c a u s e of these ramif ica t ions , it m a y 
no t b e p rac t ica l for inspec tors to de t e rmine w h e t h e r a v e s s e l ' s or ig inal scant l ings are 
u n d e r or ove r r equ i r emen t s . W h e n it is be l i eved tha t the or ig inal scant l ings m a y h a v e 
b e e n l ight , the m a t t e r shou ld b e refer red to the field ( m m t ) office or to the C o m m a n d a n t 
( M M T ) before a full co r ros ion a l l o w a n c e is pe rmi t t ed . O n the o ther hand , if the o w n e r 
r eques t s an inc reased co r ros ion a l l o w a n c e b e c a u s e of ove r s i zed scant l ings , h e shou ld 
offer sui table ver i f icat ion. P r o p e r no t a t i on o n the or ig ina l p l ans of the ves se l or 
d o c u m e n t a r y ev idence f rom the c lass i f ica t ion soc ie ty w o u l d b e accep tab le for th is 
p u r p o s e . 

(E) S P E C I A L C O A T I N G S 

R e c e n t a d v a n c e s in p ro tec t ive coas t ing t e c h n o l o g y h a v e g i v e n p r o m i s e tha t co r ros ion in 
ship steel m a y b e v i r tua l ly e l imina ted . B a s e d o n th is , sh ips cons t ruc ted s ince 1965 h a v e 
h a d the op t ion of bu i ld ing the scant l ings w h i c h are , in genera l , 1 0 % b e l o w the scant l ings 
t abu la ted in the A m e r i c a n B u r e a u of Sh ipp ing " R u l e s for Bu i ld ing a n d Class ing Steel 
Ves se l s " , p r o v i d e d accep tab le specia l coa t ings h a v e b e e n appl ied . In all such cases , the 
a p p r o v e d hu l l s t ructura l p l ans c lear ly ind ica te such r educ t ion b y showing , for e a c h p la te 
and s t ructura l shape , b o t h the r equ i r ed t abu la r scant l ing a n d the p e r m i t t e d r e d u c e d 
scant l ing. F o r e x a m p l e , a s t ructura l shape w o u l d b e ind ica ted o n the p l a n as fo l lows: 
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16" x 4 " x 20 .4# F L G P L 

16" x 4 " x 17.85# F L G P L 

N o r m a l l y , pa in t ing of the hul l s t ructure h a s n o t b e e n the subject of Coas t G u a r d 
r equ i r emen t s . H o w e v e r , in the case of vesse l s w h i c h h a v e b e e n a l l owed to h a v e r e d u c e d 
scant l ings o n the bas i s of specia l coa t ings , it is a va l id c o n c e r n of the Coas t G u a r d 
inspec to r to insure tha t such coa t ings are ma in ta ined . If co r ros ion h a s occur red , 
eva lua t ion of the deg ree shou ld b e re fer red to the r equ i r ed t abu la r scant l ing a n d n o t to the 
as-bui l t scant l ing . 

(F) H I G H S T R E N G T H S T E E L S 

(1) The u s e of h i g h s t rength steels in s o m e recen t ly bui l t sh ips in t roduces n e w 
p r o b l e m s w h i c h m u s t b e careful ly cons ide red w h e n eva lua t ing s t ructural r e n e w a l s or 
repa i rs . T h e s e steels offer s ignif icant advan tages in saved w e i g h t a n d the i r u s e 
pe rmi t s th inne r sec t ions to b e u s e d in h i g h l y s t ressed areas w h i c h w o u l d o the rwise 
requ i re excess ive ly th ick sec t ions of conven t iona l ship steel. H o w e v e r , the th inne r 
p la t ing a n d sect ions of h i g h s t rength steel are no t as forgiv ing of p o o r des ign as the 
heav ie r sec t ions of m i l d steel. Spec ia l a t ten t ion m u s t b e pa id to the poss ib i l i ty of 
buck l ing a n d deta i l ing in the des ign and careful fabr ica t ion b e c o m e s a mus t . A l s o 
specia l p r o c e d u r e s are r equ i r ed for w e l d i n g . T h e s e are d i scussed in Sec t ion V. 

(2) S t ruc tura l r e n e w a l s in a reas w h e r e h i g h s t rength steels h a v e b e e n u s e d m u s t b e 
m a d e w i t h the s a m e h i g h s t rength steel. In s o m e cases , an equ iva len t g rade m a y b e 
subst i tuted. A l s o , repa i rs to h i g h s t rength steels m u s t b e m a d e in acco rdance w i t h the 
specif ied p rocedu re s . A p r o b l e m ar ises b e c a u s e h i g h s t rength steels are n o t v i sua l ly 
d i s t ingu ishab le f rom o rd ina ry ship steel. T h e u s e of such steels shou ld b e ind ica ted 
on the v e s s e l ' s Cert i f icate of Inspec t ion a n d b y the ent ry " spec ia l m a t e r i a l " in c o l u m n 
(4) in the " R E C O R D " of the A m e r i c a n B u r e a u of Sh ipp ing . Fur ther , b o t h the 
A m e r i c a n B u r e a u a n d the Coas t G u a r d h a v e r e q u e s t e d that vesse l s u t i l iz ing h i g h 
s t rength steels in the i r cons t ruc t ion shall r e ta in o n b o a r d s t ructura l d r a w i n g s 
ident i fying the specia l steel , ind ica t ing w h e r e it is u s e d a n d specifying, in detai l , the 
r equ i r ed w e l d i n g a n d fabr ica t ion p r o c e d u r e s . 
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(3) In a n y la rger vesse l bui l t s ince 1964, r e n e w a l or repa i r in w a y of the m a i n hu l l 
g i rder shou ld n o t b e u n d e r t a k e n w i t h o u t first e x a m i n i n g the v e s s e l ' s a p p r o v e d 
s t ructural p l ans to conf i rm if h i g h s t rength steels w e r e used . If so, eve ry care m u s t b e 
exerc i sed to u s e the correc t steel for r e n e w a l s a n d to adhe re to t he speci f ied 
p r o c e d u r e s for b o t h r e n e w a l s a n d repa i r s . It is w e l l to no t e tha t the re is n o such th ing 
as a " m i n o r " repa i r w h e r e h i g h s t rength steels are invo lved . Fu r the r in fo rmat ion o n 
the u se s of h i g h s t rength steels is ava i lab le f rom C o m m a n d a n t ( M M T ) or field ( m m t ) 
office. 

(G) A L T E R N A T I V E S 

In s o m e ins tances , o w n e r s m a y des i re to instal l supp lemen ta l s t ructural r e in fo rcemen t 
ra ther t h a n r ep lace de te r io ra ted mate r ia l . Th i s m a y b e feasible , b u t s ince it cons t i tu tes a 
mod i f i ca t ion of des ign , p l ans deta i l ing the p r o p o s e d c h a n g e s shou ld b e a p p r o v e d before 
the w o r k is car r ied out. 

(H) D E C K P L A T I N G 

D e c k p la t ing compr i s e s a h i g h l y s t ressed po r t i on of the hu l l g i rder and is of cr i t ical 
i m p o r t a n c e to the long i tud ina l s t rength of the vesse l . A c c e l e r a t e d cor ros ion m a y b e 
expec t ed in the deck b e c a u s e it is subject to m e c h a n i c a l abuse f rom deck cargo , h a t c h 
b e a m s a n d r e p e a t e d scal ing. A l s o , it is a l w a y s e x p o s e d a n d f requent ly awash . B e c a u s e 
of th is , the deck p la t ing , espec ia l ly in the m i d s h i p ' s ha l f length , shou ld b e careful ly 
e x a m i n e d for c racks , l eaks , or s igns of excess ive wea r . T h e corners of h a t c h or o ther 
deck open ing , the corners of deck e rec t ions , p a d s , or o ther i t ems p r o d u c i n g 
d iscont inui t ies or h a r d spots shou ld b e e x a m i n e d for ev idence of c rack ing W h e n e v e r 
p rac t icab le , the detai l c o n c e r n e d shou ld b e ea sed a n d m a d e less ab rup t w h e n repa i rs are 
m a d e . In the case of r ive ted cons t ruc t ion , specia l a t ten t ion shou ld b e p a i d to the r ive t ing 
of bu t t s . D i s c o v e r y of w o r k i n g or loose r ive ted bu t t s cal ls for p r o m p t cor rec t ive act ion. 
This m a y b e ev idence of c rack ing at the r ivet ho l e s n o t ye t suff iciently ex tens ive to 
ex tend b e y o n d the r ive t head . C r a c k i n g of the p la te wi l l , in genera l , cal l for r e p l a c e m e n t 
of tha t po r t ion of the p la t ing . B u c k l i n g of deck p la t ing is u n c o m m o n ; h o w e v e r , the u s e of 
th inner h i g h s t rength p la t ing inc reases the l ike l ihood. A n y such b u c k l i n g can se r ious ly 
impa i r the s t rength of the ves se l a n d calls for cor rec t ive act ion. 
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(I) D E C K L O N G I T U D I N A L S 

In t ank vesse l s the cor ros ive de te r iora t ion of deck long i tud ina l s m a y b e m u c h m o r e r ap id 
t han tha t of deck p la t ing . These long i tud ina l s are n e c e s s a r y to suppor t the deck p la t ing so 
that it c an ca r ry loca l hydros ta t i c load ing , to p r o v i d e p a n e l stiffness to the deck p la t ing so 
that , as a par t of the hu l l girder , it c an ca r ry c o m p r e s s i v e load ing w i t h o u t buck l ing , a n d 
also to d i rec t ly con t r ibu te to the hu l l g i rder stiffness a n d s t rength. B e c a u s e the re la t ive 
i m p o r t a n c e of these factors m a y b e different w h e n dea l ing w i t h different des igns , it is 
v e r y difficult to l ay d o w n a n y gene ra l ly appl icab le w a s t a g e l imits . H o w e v e r , for the 
usua l p ropo r t i ons of long i tud ina l s to p la t ing a n d u sua l spans of a t anke r of abou t T 2 size, 
de te r iora t ion of s o m e deck long i tud ina l s u p to a m a x i m u m of abou t 4 0 pe rcen t or abou t 
. 1 8 " w a s t a g e , w h i c h e v e r is the lesser , m a y b e accep ted p r o v i d e d the ave rage de te r io ra t ion 
is n o t m o r e tha t abou t 30 pe r cen t or abou t . 14" w a s t a g e , w h i c h e v e r is the lesser . F o r a 
s ingle v o y a g e , m a x i m u m deter iora t ion of s o m e longi tud ina l s as h i g h as abou t 50 pe r cen t 
or abou t . 2 2 " w a s t a g e has b e e n accep ted . T h e a b o v e appl ies to long i tud ina l s fabr ica ted 
f rom s t ructura l shapes such as inve r t ed angles or T ba r s . In the case of flat ba r 
long i tud ina l s , the cr i t ical in compres s ion . Consequen t ly , n o t m o r e t h a n abou t a 2 0 
pe rcen t co r ros ion a l l o w a n c e shou ld b e permi t t ed . Add i t iona l ly , flat ba r long i tud ina l s 
shou ld b e faired or r e p l a c e d if t h e y are d is tor ted or b u c k l e d to a n y degree . In the case of 
r iver t ank ba rges n o t car ry ing any deck cargo , genera l de te r iora t ion of deck long i tud ina l s 
up to abou t 4 0 pe rcen t m a y b e accepted . S ince the o b v i o u s necess i ty for m a i n t a i n i n g 
o i l t ightness does n o t app ly to the r ake ends , t h e y t e n d to b e neg lec ted . Th i s shou ld n o t b e 
pe rmi t t ed s ince the r ake ends p r o v i d e the ma jo r b u o y a n c y of the ves se l a n d are , therefore , 
vi ta l to seawor th iness . 

(J) K E E L P L A T I N G 

In r ecogn i t i on of local s t rength factors and a lso the add i t iona l co r ros ion to w h i c h kee l 
p la tes are subject as a resu l t of b e i n g unava i l ab le for pa in t ing w h e n sit t ing o n kee l b l o c k s 
in d ry -dock , kee l p la t ing is n o r m a l l y of g rea te r t h i ckness t han the ba l ance of the b o t t o m 
pla t ing . T a k i n g accoun t of the fact that a la rge par t of th is ex t ra th i ckness m a y b e 
r e g a r d e d as an add i t iona l co r ros ion a l l owance , it is gene ra l ly sa t is factory to defer the 
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r e p l a c e m e n t of kee l p la t ing unt i l the w a s t a g e is s o m e w h a t m o r e t h a n w o u l d o the rwise b e 
cons ide red accep tab le . In de t e rmin ing that a m o u n t of such ex tens ion , cons ide ra t ion 
shou ld b e g iven to the cond i t ion of adjacent " A " s t rake (s) . If the adjacent p la t ing is in 
g o o d cond i t ion a n d does n o t r equ i re r ep l acemen t , the kee l p la t ing m a y b e accep t ed 
p r o v i d e d the effective r e m a i n i n g th i ckness is n o t less t h a n a p p r o x i m a t e l y 75 pe r cen t of 
the or ig ina l th i ckness of the adjacent s t rakes a n d p r o v i d e d it is n o t b u c k l e d or o the rwise 
d a m a g e d . If the adjacent p la t ing is w a s t e d so as to , itself, r equ i re r ep l acemen t , it is 
gene ra l ly w i se to r ep lace the kee l p la t ing even t h o u g h it m a y b e w a s t e d n o m o r e t h a n 
abou t 25 pe r cen t of its t h i ckness . 

(K) B O T T O M P L A T I N G , I N N E R B O T T O M P L A T I N G A N D B O T T O M I N T E R N A L S 

(1) T h e b o t t o m pla t ing c o m p l e m e n t s the deck p la t ing as the l ower f lange of the hu l l 
girder . A s w e l l as sus ta in ing a ma jo r po r t i on of the hu l l b e n d i n g m o m e n t , it is subject 
to i nc reased stress due to w a t e r p res su re . Its s t rength m a y b e r e d u c e d e i ther b y 
genera l or loca l ized cor ros ion a n d b y buck l ing . In v i e w of the p r i m e i m p o r t a n c e of 
this p la t ing , the m a x i m u m ave rage r educ t ion in th i ckness to b e p e r m i t t e d in abou t the 
m i d s h i p s ha l f - length is abou t 2 0 percent . I f the w a s t a g e exceeds th is a m o u n t the 
p la t ing shou ld b e r e n e w e d . Al t e rna te m e a s u r e s or m e a n s of r e in fo rcemen t can b e 
cons ide red b u t s ince t hey w o u l d cons t i tu te a ma jo r c h a n g e in the des ign of the vesse l , 
p l ans for s a m e shou ld b e submi t t ed for app rova l to the field ( m m t ) office or to the 
C o m m a n d a n t ( M M T ) . If after cons ide ra t ion of the b o t t o m shel l p la t ing w i t h r e g a r d 
areas or p la tes requ i r ing at tent ion, these m a y b e deal t w i t h o n the bas i s of a m a x i m u m 
ave rage w a s t a g e of abou t 25 pe r cen t f rom or iginal , p r o v i d e d the p la tes and suppor t ing 
s t ructure are o the rwise in sa t is factory condi t ion . W e l d e d bu t t s w h i c h exhib i t 
excess ive w a s t a g e (g roov ing) as c o m p a r e d to the ba l ance of the p la te shou ld b e 
r e w e l d e d after excava t ion to s o u n d me ta l . 

(2) J o g g l e d l a p p e d seams a n d bu t t s are par t i cu la r ly p r o n e to excess ive loca l 
de te r iora t ion b e c a u s e of the f lexing w h i c h m a y t ake p lace at such j o i n t s a n d b e c a u s e 
t hey p r o v i d e a p o c k e t in w h i c h cor ros ion m a y deve lop . A c c o r d i n g l y , w h e n inspec t ion 
p la t ing con ta in ing j o g g l e d l apped j o in t s , it is impor t an t to check the cond i t ion of the 
j o i n t i tself a n d par t icu la r ly the p la t ing th i ckness in w a y of the j o g g l e . R e n e w a l s 
shou ld b e in a c c o r d a n c e w i t h Sec t ion I V (B) of these no tes . 
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(3) Unfa i r or set- in p la t ing is c o m m o n forward . A fair degree of de fo rma t ion of the hu l l 
p la tes in the fo rward po r t i on of a ves se l o rd inar i ly m a y b e accep ted w i t h o u t resu l t ing in 
ser ious i m p a i r m e n t of s t ructura l s t rength. H o w e v e r , for t r ansve r se ly f r amed ships , severe 
buck l ing or set- in cond i t ion of b o t t o m pla t ing w i t h i n a p p r o x i m a t e l y the m i d s h i p s ha l f 
l eng th can ser ious ly impa i r s t rength. In genera l , the g rea te r the a thwar t sh ip ex ten t of 
buck l ing the g rea te r the i m p a i r m e n t in hu l l s t rength. A n y apprec iab le b u c k l e of sufficient 
a thwar t sh ip ex ten t to c ross a cen te r ver t ica l kee l or inner b o t t o m g i rders is ser ious . S u c h 
a b u c k l e shou ld b e cor rec ted b y r e p l a c e m e n t of p la t ing a n d the b u c k l e d po r t ions of 
g i rders . If the re is n o ev idence to indica te the b u c k l e w a s c a u s e d b y g r o u n d i n g or o ther 
excess ive locl load ing , or is a s soc ia ted w i t h excess ive w a s t a g e , it m a y b e an ind ica t ion of 
n e e d for p rov id ing add i t iona l stiffening. In such ins tances , the C o m m a n d a n t ( M M T ) or 
field ( m m t ) office shou ld b e adv i sed of the c i r cums tances a n d p r o p o s e d cor rec t ive 
m e a s u r e s . B u c k l e s of shor ter a thwar t sh ip extent m a y a lso r equ i re correc t ion , d e p e n d i n g 
u p o n the dep th or he igh t of b u c k l e s the n u m b e r of buck l e s , a n d the i r re la t ive loca t ions . 
For ins tance severa l b o t t o m buck l e s w i t h i n the s a m e f rame space are m o r e ser ious t h a n 
the s a m e n u m b e r of the s a m e size b u c k l e s d i s t r ibu ted in the r a n d o m m a n n e r . L o c a l i z e d 
t r ansverse b a n d s of acce le ra ted co r ros ion or g roov ing m a y b e found in assoc ia t ion w i t h 
buck le s . T h e s e are ind ica t ive of loca l i zed excess ive stress w h i c h expe r i ence ind ica tes 
m a y l ead to c rack ing . Consequen t ly , p la t ing r e p l a c e m e n t m a y be ca l led for e v e n t h o u g h 
the de te r io ra t ion m a y b e less t h a n 25 percen t . In such case it is u sua l l y sufficient to 
r ep lace less t h a n a full p la te . 

(4) In the case of r ive ted cons t ruc t ion , b a n d s of s tress co r ros ion m a y b e observed , m o s t l y 
i m m e d i a t e l y adjacent to the r ive ted l apped but t s , e v e n w h e r e the p la t ing surface is 
gene ra l ly qui te fair. E x p e r i e n c e h a s s h o w n tha t c rack ing deve lops in these areas . S ince 
such c racks are in p r i m a r y hu l l g i rder mate r ia l , the i r occu r rence m u s t be r e g a r d e d as a 
v e r y ser ious mat te r . W h e r e z o n e s of ser ious co r ros ion are no ted , appropr ia te p r even t ive 
ac t ion in the form of p la t ing r e p l a c e m e n t shou ld b e t a k e n before a n y ac tual c rack ing 
deve lops . In m a k i n g such r e p l a c e m e n t s , as in the case of w e l d e d cons t ruc t ion , r e n e w a l 
of less t h a n a c o m p l e t e p la te is accep tab le if the cond i t ion of the b a l a n c e of the p la te is 
sat isfactory. T h e bu t t s of such r e n e w a l inser ts shou ld b e f lush w e l d e d , care b e i n g t aken 
to insure 100 pe rcen t pene t ra t ion . Or ig ina l ly r ive ted s e a m s shou ld b e r ive ted , w i t h 
sufficient ex is t ing r ive t ing adjacent to w e l d s r e l eased a n d re -d r iven to insure 100 pe rcen t 
sound r ive t ing . 
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(5) T a n k t o p s a r e c o n s i d e r e d i n t h e c o m p u t a t i o n o f s c a n t l i n g s for l o a d l i n e 

a s s i g n m e n t b o t h b y A B S a n d t h e C o a s t G u a r d a n d m u s t o f n e c e s s i t y b e m a i n t a i n e d 



i n r e a s o n a b l e c o n d i t i o n c o n s i s t e n t w i t h t h e i r i n c l u s i o n in t h e s e c t i o n m o d u l u s , t h e r e 

a r e t w o o t h e r s t r u c t u r a l f u n c t i o n s w h i c h a r e e q u a l l y i m p o r t a n t . F i r s t , w i t h o u t 

s u p p o r t b y t h e b o t t o m t r a n s v e r s e s a n d l o n g i t u d i n a l s , t h e b o t t o m p l a t i n g h a s 

i n su f f i c i en t r i g i d i t y t o c a r r y c o m p r e s s i v e l o a d i n g a n d t e n d s t o b u c k l e w h e n t h e 

v e s s e l i s s u b j e c t e d t o a h o g g i n g b e n d i n g m o m e n t . S e c o n d l y , t h e e n t i r e b o t t o m 

s t r u c t u r e h a s t h e f u n c t i o n o f r e s i s t i n g w a t e r p r e s s u r e w h e n t h e v e s s e l i s in b a l l a s t 

a n d o f b e a r i n g t h e w e i g h t o f c a r g o w h e n l o a d e d . I t m u s t b e m a i n t a i n e d in e f f i c ien t 

c o n d i t i o n t o s a f e ly p e r f o r m t h e s e f u n c t i o n s . 

(6) A m o d e r a t e a m o u n t o f b u c k l i n g o f t a n k t o p s i s a c c e p t a b l e p r o v i d e d b u c k l i n g is 
c o n f i n e d t o t h e p l a t i n g b e t w e e n t r a n s v e r s e a n d l o n g i t u d i n a l g i r d e r s . F a i r n e s s o f 
t r a n s v e r s e s a n d g i r d e r s m a y b e c h e c k e d b y s i g h t i n g o r u s e o r a t a u t l i n e a l o n g t h e 
f r a m e a n d g i r d e r l i n e s . I f f l o o r s o f g i r d e r s a r e f o u n d t o b e a p p r e c i a b l y d e f o r m e d o r 
c r a c k e d t h e y s h o u l d b e r e p a i r e d o r r e p l a c e d . I n d o i n g s u c h w o r k , o b v i o u s d e f e c t s 
s u c h a s s h a r p c o r n e r e d o r r a g g e d l y c u t l i g h t e n i n g h o l e s o r o t h e r c u t - o u t s s h o u l d b e 
m a d e fair . B u c k l i n g o f f l o o r s o r g i r d e r s n o t a s s o c i a t e d w i t h g r o u n d i n g o r o t h e r 
e x t e r n a l d a m a g e m a y b e a n i n d i c a t i o n o f s t r u c t u r a l w e a k n e s s a n d n e e d fo r s t r u c t u r a l 
m o d i f i c a t i o n o r r e i n f o r c e m e n t , i n a d d i t i o n t o r e p a i r . I n r i v e t e d c o n s t r u c t i o n , 
l o o s e n i n g a n d f a i l u r e o f t h e r i v e t i n g w i t h i n t h e d o u b l e b o t t o m m a y b e o b s e r v e d . I t i s 
a p p a r e n t t h a t o n c e t h e f a s t e n i n g b e g i n t o fa i l , t h e s t r e s s l e v e l s a n d c o r r o s i o n r a t e s i n 
a d j o i n i n g s t r u c t u r e i n c r e a s e r a p i d l y . T h e p r a c t i c a l s o l u t i o n t o t h i s p r o b l e m is t h e 
e a r l y d e t e c t i o n o f t h e s e f a s t e n i n g i n o r d e r t h a t t h e e x i s t i n g m a t e r i a l i n t h e v e s s e l c a n 
b e m a d e t o p e r f o r m t o i t s c a p a c i t y . T h e o l d a d a g e t h a t " a s t i t ch i n t i m e s e r v e s n i n e " 
is c e r t a i n l y a p p l i c a b l e h e r e . 

(L) S I D E P L A T I N G 

In the s ide p la t ing the s t rake " b e t w e e n w i n d a n d w a t e r " is an area w h i c h is h i g h l y 
suscept ib le to cor ros ion . T h e m a x i m u m gene ra l w a s t a g e is to b e e x p e c t e d in the area. 
A l so , ser ious loca l ized co r ros ion m a y often b e encoun t e r ed in w a y of o v e r b o a r d 
d i scharges a n d s cuppe r open ings . T h e la t ter m a y usua l ly b e r epa i r ed b y the use of inser t 
p la tes r a the r t h a n b y p la te r enewa l s . Su i tab ly a t t ached w a s t a g e doub le r s m a y b e u s e d o n 
sound p la t ing as a m e a n s of p ro tec t ion . 
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( M ) L O N G I T U D I N A L A N D T R A N S V E R S E B U L K H E A D S 



C a r g o h o l d b u l k h e a d s a r e u s u a l l y n o t t r o u b l e d b y e x c e s s i v e c o r r o s i o n e x c e p t a l o n g 

t h e l o w e r b o u n d a r i e s a n d in w a y o f b i l g e w e l l s . S u c h c o r r o s i o n i s a l o c a l c o n d i t i o n 

a n d s h o u l d b e r e p a i r e d b y t h e u s e o f i n s e r t p l a t e s o r w e l l a t t a c h e d l a p p e d p l a t e s o f 

su f f i c ien t m a t e r i a l r e m a i n s fo r p r o p e r i n s t a l l a t i o n . I n t h e c a s e o f t h e l o n g i t u d i n a l a n d 

t r a n s v e r s e b u l k h e a d s i n a t a n k s h i p , e s p e c i a l l y w h e r e l i g h t p r o d u c t s h a v e b e e n 

c a r r i e d , c o r r o s i o n i s t o b e e x p e c t e d . W a s t a g e u p t o a b o u t 3 5 p e r c e n t m a y b e 

a c c e p t e d p r o v i d e d t h e r e i s n o e v i d e n c e o f d e f o r m a t i o n w h e n s u b j e c t e d t o a 

h y d r o s t a t i c t es t . T h e t o p s t r a k e o f b u l k h e a d p l a t i n g i n a t a n k s h i p i s u s u a l l y m a d e 

h e a v i e r i n a n t i c i p a t i o n o f t h e i n c r e a s e d c o r r o s i o n t o b e e x p e c t e d i n t h i s a r e a w h i c h 

is u s u a l l y w e t b u t n o t s u b m e r g e d . T h e r e f o r e , w h e n r e f e r r e d t o t h e o r i g i n a l l y 

s c a n t l i n g , a n i n c r e a s e d a l l o w a n c e fo r d e t e r i o r a t i o n m a y b e p e r m i t t e d . A p p l y i n g a 3 5 

p e r c e n t w a s t a g e t o t h e o r i g i n a l s c a n t l i n g o f t h e n e x t t o t o p m o s t s t r a k e w i l l s e r v e t o 

e s t a b l i s h t h e m i n i m u m t h i c k n e s s a c c e p t a b l e i n t h e t o p m o s t s t r a k e . 

(N) F R A M E S , B E A M S A N D S T I F F E N E R S 

G e n e r a l l y t h e f l a n g e s a n d p o r t i o n s o f t h e w e b s n e x t t o t h e f l a n g e s a r e m o r e h i g h l y 

s t r e s s e d , m o r e s u b j e c t t o m e c h a n i c a l d a m a g e , a n d c o r r o d e f a s t e r t h a n t h e b a l a n c e o f 

t h e m e m b e r . I f e x c e s s i v e w a s t a g e h a s o c c u r r e d b u t i s l i m i t e d t o t h e f l a n g e a n d o u t e r 

p o r t i o n o f t h e w e b , c r o p p i n g o f t h e d e f e c t i v e s e c t i o n r a t h e r t h a n c o m p l e t e r e n e w a l 

m a y b e p e r m i t t e d . D e t a i l s o n t h i s a r e i n c l u d e d i n S e c t i o n I V . T h e u s e o f s h o r t 

l e n g t h s o f f la t b a r w e l d e d i n w a y o f d e t e r i o r a t e d m a t e r i a l i s n o t a n a c c e p t a b l e r e p a i r . 

F u l l l e n g t h f la t b a r d o u b l e r s m a y b e s a t i s f a c t o r y i n s o m e c a s e s b u t t h i s r e p r e s e n t s a 

c h a n g e i n d e s i g n so t h e i n s t a l l a t i o n s h o u l d b e m a d e i n a c c o r d a n c e w i t h a n a p p r o v e d 

p l a n . N o t w i t h s t a n d i n g t h e a b o v e , f la t b a r d o u b l e r s a r e n e v e r a c c e p t a b l e o n i n t e r n a l s 

w i t h i n t h e t a n k s o f a t a n k s h i p b e c a u s e o f t h e d a n g e r o f g a s e n t r a p m e n t . O f t e n t i m e s , 

p r o j e c t i n g f r a m e s o r b e a m s a r e d e f o r m e d d u e t o h o o k p u l l s , d a m a g e b u c a r g o , e t c . 

S u c h c o n d i t i o n s , i f t h e y a r e s c a t t e r e d a n d n o t s e r i o u s t o t h e e x t e n t t h a t t h e m e m b e r s 

a r e t o w n o r b r o k e n l o o s e f r o m t h e i r f a s t e n i n g s , m a y b e p e r m i t t e d t o r e m a i n u n t i l 

t h e r e i s o t h e r w o r k r e q u i r e d i n t h e a r ea . . H o w e v e r , t h i s p r i n c i p l e w o u l d n o t a p p l y t o 

s t r u c t u r a l c o l u m n s 
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IV. N O T E S O N R E P A I R S 

(A) F R A C T U R E S 



(1) F r a c t u r e s i n h u l l p l a t e s , e t c . , u s u a l l y s ta r t i n l o c a l i z e d , h i g h l y s t r e s s e d a r e a s . 

I n t h e p r e l i m i n a r y i n s p e c t i o n s , t h e f i rs t t h i n g t o b e d e t e r m i n e d i s w h e t h e r o r n o t 

t h e f r a c t u r e s t a r t e d i n a n o t c h o r s h a r p a n g l e ( s t r e s s r a i s e r ) , a n d if it d i d , t o 

e l i m i n a t e t h i s f e a t u r e . 

(2) M a j o r f r a c t u r e s . W h e n m a j o r f r a c t u r e s o c c u r a n d w h e r e c o n s i d e r a b l e 

m a t e r i a l i s t o b e r e m o v e d a n d n e w p l a t e s , f r a m e s , e t c . , a r e t o b e i n s e r t e d , t h e 

r e p a i r m a y i n v o l v e a p p r e c i a b l y m o r e r e s t r a i n t a n d l e s s f a v o r a b l e w e l d i n g 

c o n d i t i o n s t h a n fo r n e w c o n s t r u c t i o n s . T h e t y p e o f r e p a i r t o b e m a d e a n d 

w e l d i n g p r o c e d u r e t o b e u s e d s h o u l d b e c a r e f u l l y e v a l u a t e d . 

(3) C r a c k s . C r a c k s i n t h e d e c k o r in t h e b o t t o m w i t h i n a b o u t t h e a d m i d s h i p s h a l f 
l e n g t h a n d w h i c h o r i g i n a t e i n s t r u c t u r a l d i s c o n t i n u i t i e s w i l l f r e q u e n t l y r e q u i r e t h e 
f i t t ing o f a s u i t a b l e r e p a i r i n s e r t i n o r d e r t o m i n i m i z e w e l d r e s t r a i n t i n t h e l o c a l 
a r e a o f s t r e s s c o n c e n t r a t i o n . C r a c k s w h i c h h a v e o p e n e d t o o fa r o r a r e t o o 
i r r e g u l a r t o p e r m i t s a t i s f a c t o r y w e l d p r e p a r a t i o n , o r w h i c h a r e l o c a t e d s o t h a t 
a c c e s s i s i n s u f f i c i e n t fo r p r o d u c i n g s o u n d , full p e n e t r a t i o n w e l d s , a l s o ca l l fo r t h e 
f i t t ing o f i n s e r t s . E v i d e n c e o f d e t e r i o r a t i o n o r p o o r q u a l i t y o f t h e f r a c t u r e d p l a t e 
a r e a d d i t i o n a l r e a s o n s fo r p l a t e r e p l a c e m e n t . 

(4) A s p r e v i o u s l y n o t e d , l o c a l i z e d b a n d s o f a c c e l e r a t e d c o r r o s i o n s h o u l d 
o r d i n a r i l y b e t a k e n a s e v i d e n c e o f s u c h d e t e r i o r a t i o n a n d t h e a f f e c t e d p o r t i o n o f 
p l a t i n g r e p l a c e d . W h e r e n o n e o f t h e f o r e g o i n g c o n d i t i o n s ex i s t , t h e c r a c k m a y b e 
r e p a i r e d b y w e l d i n g w i t h o u t r e p l a c e m e n t o f p l a t i n g . 

(5 ) I n r e p a i r i n g c r a c k s w h i c h d o n o t i n v o l v e s t ee l r e p l a c e m e n t , t h e f o l l o w i n g 

p r o c e d u r e s h o u l d b e f o l l o w e d : 
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(a ) L o c a t e t h e e n d s o f t h e c r a c k ; a n d a p p r o x i m a t e l y t w o p l a t e t h i c k n e s s e s 

b e y o n d t h e e n d , dr i l l a h o l e t o p r e v e n t i t s e x t e n s i o n . T h e u s e o f d y e p e n e t r a n t 

o r o t h e r N D T m e t h o d i s d e s i r a b l e t o l o c a t e t h e e n d s o f t h e c r a c k d o e s n o t 

e x t e n d b e y o n d t h e h o l e s . T h e d i a m e t e r o f t h e d r i l l e d h o l e s h o u l d b e a b o u t t h e 



s a m e a s t h e p l a t e t h i c k n e s s . T h e n , V o u t t h e c r a c k b y c h i p p i n g o r g o u g i n g t o a n 

a c c e p t e d e d g e p r e p a r a t i o n fo r w e l d i n g p l a t e s o f t h e p a r t i c u l a r t h i c k n e s s 

i n v o l v e d . 

(b ) G a s f r ee , r e m o v e c e i l i n g , e t c . , a s n e c e s s a r y t o p r o v i d e full a c c e s s t o b o t h 

s i d e s o f t h e c r a c k . T h o r o u g h i n s p e c t i o n o f b o t h s i d e s o f t h e c r a c k s h o u l d a l w a y s 

b e c a r r i e d o u t . 

( c ) A f t e r V - i n g o u t , i f a c r a c k h a s a r o o t o p e n i n g t o o w i d e fo r c l o s i n g w i t h t h e 

f i rs t b e a d , d o n o t d r a w t h e e d g e o f t h e p l a t e t o g e t h e r b y m e a n s o f a s t e a m b o a t 

r a t c h e t o r o t h e r m e a n s p r e l i m i n a r y t o w e l d i n g . I n s t e a d , b u i l d u p t h e g r o o v e w i t h 

l i g h t b e a d s u n t i l a g r o o v e o f u s u a l p r o p o r t i o n s i s o b t a i n e d o r u s e d a b a c k i n g 

s t r ip . B a c k i n g s t r i p s s h o u l d b e r e m o v e d f o l l o w e d b y b a c k s i d e c h i p p i n g a n d 

w e l d i n g . 

(d ) W h e r e t h e c r a c k in t h e p l a t i n g c r o s s e s s t i f f ene r s , f r a m i n g o r g i r d e r s , t h e 

w e l d s c o n n e c t i n g t h e s e m e m b e r s t o t h e p l a t i n g s h o u l d b e r e l e a s e d . T h i s s h o u l d 

b e d o n e b y b u r n i n g t h r o u g h t h e w e l d for a d i s t a n c e a f a t l e a s t 6 i n c h e s o n e a c h 

s i d e o f t h e c r a c k b e f o r e w e l d i n g o f t h e c r a c k is c o m m e n c e d . I n w a y o f g u n w a l e 

o r h a t c h s i d e a s s e m b l i e s , i t m a y b e d e s i r a b l e t o i n c r e a s e t h e l e n g t h o f r e l e a s e . 

( e ) I f t h e c r a c k e x t e n d s i n t o t h e f r a m i n g m e m b e r , i t s h o u l d b e s u i t a b l y p r e p a r e d 

a n d w e l d e d . I f t h e r e s u l t i n g b u t t i s w e l d e d af te r t h e p l a t i n g o r p o o r a c c e s s i b i l i t y 

e x i s t s , t h e b u t t i n t h e f r a m e s h o u l d b e s m o o t h l y s c a l l o p e d o u t a d j a c e n t t o t h e 

p l a t i n g . 

(f) S p e c i a l c a r e s h o u l d b e t a k e n i n t h e r e p a i r o f s u r f a c e c r a c k s . C a r e s h o u l d b e 
t a k e n t h a t t h e d e f e c t i s c o m p l e t e l y r e m o v e d b y g r i n d i n g o r o t h e r s u i t a b l e 
m e a n s . I n t h a t s u c h a p r o c e d u r e m a y e a s i l y m a s k c r a c k s b y t h e " p e e n i n g " 
effect , t h e u s e o f a N D T m e t h o d s u c h a s m a g n e t i c p a r t i c l e m a y b e u s e f u l i n 
d e t e c t i n g a n y r e m a i n i n g s u b s u r f a c e de fec t . 
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( B ) R E P L A C E M E N T O F A N D W O R K O N S H E L L A N D D E C K P L A T I N G 

(1 ) T h e f o l l o w i n g p r e c a u t i o n s a p p l y t o r e p a i r s o r a l t e r n a t i o n s o n b o t h r i v e t e d a n d 

w e l d e d h u l l s : 

( a ) S h e e r s t r a k e . T h e s h e e r s t r a k e , i n s o f a r a s p r a c t i c a b l e , s h o u l d b e k e p t 

c l e a r o f w e l d e d f i t t i ngs . W h e r e t h e r e is n o a l t e r n a t i v e b u t t o m a k e 

a t t a c h m e n t s i n t h i s r e g i o n , b r a c k e t s , a s a p p l i c a b l e , a n d a t l e a s t 1 5 0 ° F . 

p r e h e a t s h o u l d b e m a i n t a i n e d d u r i n g w e l d i n g . H o w e v e r t h e u s e o f 

p r e h e a t m a y o r d i n a r i l y b e o m i t t e d i f l o w h y d r o g e n e l e c t r o d e s a r e u s e d . 

T h e u p p e r e d g e o f t h e s h e e r s t r a k e s h o u l d b e fa i r a n d s m o o t h , i .e . , f r ee o f 

n o t c h e s , n i c k s , a n d c u t s , w e l d c r a t e r s , a n d a n y i r r e g u l a r e d g e b u r n i n g . 

B e c a u s e o f t h e c h a n g e i n s h i p s tee l r e q u i r e m e n t s w h i c h b e c a m e e f f ec t i ve 

a t t h e t i m e , t h e f o r e g o i n g p r e c a u t i o n s a r e p a r t i c u l a r l y a p p l i c a b l e t o s h i p s 

b u i l t p r i o r t o 1 9 4 7 . 

( b ) S t r i n g e r p l a t e . I n s o f a r a s p r a c t i c a b l e t h e s t r i n g e r p l a t e s h o u l d a l s o b e 

k e p t f ree o f w e l d e d a t t a c h m e n t s . 

( c ) W e l d i n g o f d e c k f i t t i ngs . W e r e h e a v y d e c k f i t t i ngs , s u c h a s c h u c k s , 

b i t t s a n d c l e a t s , a r e t o b e w e l d e d t o t h e s t r e n g t h d e c k , p r e - h e a t o f a t l e a s t 

1 5 0 ° F s h o u l d b e e m p l o y e d d u r i n g w e l d i n g o f l o w h y d r o g e n e l e c t r o d e s 

s h o u l d b e u s e d . S u c h h e a v y f i t t ings s h o u l d o n l y b e i n s t a l l e d i n 

a c c o r d a n c e w i t h a p p r o v e d p l a n s . E n d s o f d e c k f i t t i ngs s h o u l d b e k e p t 

w e l l c l e a r o f d e c k b u t t s a n d s e a m s . W h e n a n u m b e r o f f i t t i ngs a r e 

i n s t a l l e d o n d e c k , p o s i t i o n i n g t h e m i n a d i r e c t l i n e a t h w a r t s h i p s s h o u l d b e 

a v o i d e d . A l s o , i f t h e y a r e r e q u i r e d t o b e i n a l o n g i t u d i n a l l i n e , t h e r e 

s h o u l d b e su f f i c i en t i n t e r v a l b e t w e e n e a c h so a s t o a v o i d c r e a t i n g a r e a s o f 

h i g h s t r e s s c o n c e n t r a t i o n i n t h e p l a t i n g b e t w e e n t h e f i t t ings . 

( d ) R e p l a c e m e n t o f p l a t e s h a v i n g j o g g l e d l a p p e d s e a m s a n d / o r b u t t s 

s h o u l d b e m a d e , w h e n e v e r p o s s i b l e , w i t h f l u sh s e a m s a n d b u t t s . A 

t y p i c a l m e t h o d i s s h o w n o n t h e f o l l o w i n g p a g e : 
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( i n s e r t g r a p h ) 

( C ) I N S E R T P L A T E S 

( 1 ) I n w e l d e d c o n s t r u c t i o n , r e p a i r s i n v o l v i n g l e s s t h a n a ful l p l a t e s h o u l d 

g e n e r a l l y b e m a d e b y m e a n s o f a n i n s e r t p l a t e i n s t a l l e d i n a c c o r d a n c e w i t h t h e 

f o l l o w i n g p r i n c i p l e s : 

( a ) W h i l e l e s s t h a n c o m p l e t e p l a t e s m a y b e r e p l a c e d , t h e l i n e s o f c u t a n d 

n e w w e l d i n g s h o u l d , a s fa r a s p r a c t i c a b l e , l ie in e x i s t i n g l i n e s o f w e l d i n g . 

I n s e r t s s h o u l d o r d i n a r i l y c o v e r a t l e a s t o n e f r a m e s p a c e . 
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( b ) T h e e x i s t i n g p l a t e s h o u l d b e c u t b a c k t o g o o d m a t e r i a l . ( N o l e s s t h a n 
3A t h i c k n e s s o f p l a t e b e i n g i n s e r t e d . ) T h e e x i s t i n g p l a t e e d g e a n d t h e 

i n t e r n a l s i n w a y o f t h e c u t - o u t s h o u l d a l w a y s b e e x a m i n e d b e f o r e t h e 

i n s e r t i s i n s t a l l e d . 

( c ) T h e s h i p f i t t i n g a n d p l a t e e d g e p r e p a r a t i o n s h o u l d b e s u c h t h a t w e l d i n g 

g r o o v e s o f p r o p e r p r o p o r t i o n s a r e p r o v i d e d so t h a t a c c e p t a b l e w e l d s c a n 

b e m a d e . 

( d ) T h e w e l d m e t a l o f i n t e r m e d i a t e p a s s e s o n b u t t s a n d s e a m s o f 

r e s t r a i n e d i n s e r t p l a t e s m a y b e p e e n e d . T h e f i n i s h p a s s s h o u l d n o t b e 

p e e n e d b u t m a y a d v a n t a g e o u s l y b e m a d e u s i n g l o w h y d r o g e n e l e c t r o d e s . 

( e ) T o m i n i m i z e l o c k e d - i n s t r e s s e s w h e n i n s t a l l i n g a n i n s e r t p l a t e , i t i s 

n e c e s s a r y t o e a s e t h e r e s t r a i n t i m p o s e b y t h e s u r r o u n d i n g s t r u c t u r e . 

F i r s t , h o l e s s h o u l d b e d r i l l e d a s s h o w n b e l o w t o r e d u c e t h e l i k e l i h o o d 

o f c r a c k s o c c u r r i n g a t t h e e n d s o f t h e s lo t s . T h e a d j a c e n t p l a t i n g 

s h o u l d t h e n b e s l o t t e d a s s h o w n b e l o w . B u t t s 1 a n d 2 c a n b e w e l d e d 

f i rs t r a t h e r t h a n c o n c e n t r a t i n g i t a t t h e i m m e d i a t e b o u n d a r i e s o f t h e 

i n s e r t p l a t e . R o u n d i n g t h e c o r n e r s o f t h e i n s e r t p l a t e , n o t in w a y o f 

e x i s t i n g s e a m s o r b u t t s , i s a n a c c e p t a b l e a l t e r n a t i v e . 

( i n s e r t g r a p h ) 
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(f) I n c e r t a i n c a s e s , a w e l d e d l a p p e d p a t c h p l a t e m a y b e u s e d i n l i e u o f a n 

i n s e r t p l a t e fo r t h e p e r m a n e n t r e p a i r o f s m a l l d a m a g e d a r e a s w h i c h l ie 

w h o l l y w i t h i n a n i n d i v i d u a l p a n e l o f p l a t e . H o w e v e r , e x c e p t fo r 

t e m p o r a r y r e p a i r s , t h e i r u s e s h o u l d n o t b e p e r m i t t e d i n t h e s t r e n g t h d e c k , 

b o t t o m o r s h e l l p l a t i n g . P a t c h p l a t e s a r e a l s o i n a d v i s a b l e i n a r e a s o f h i g h 

c o r r o s i o n . I n m a k i n g t h e i n s t a l l a t i o n , t h e o l d p l a t e s h o u l d b e c u t a w a y t o 

a su f f i c i en t t h i c k n e s s o f s o u n d m e t a l so t h a t t h e e x i s t i n g m e t a l a t t h e e d g e 

o f t h e p a t c h i s a t l e a s t a s g o o d a s w o u l d b e r e q u i r e d i f a n i n s e r t w e r e 

u s e d . I f t h e o p e n i n g r e q u i r e d t o a c h i e v e t h i s e x c e e d s t h a t a p p r o p r i a t e t o 

t h e u s e o f a p a t c h s h o u l d b e u s e d . P a t c h p l a t e s s h o u l d b e c o n t i n u o u s l y 

f i l le t w e l d e d b o t h i n s i d e a n d o u t s i d e . I n o r d e r t o r e d u c e h e a v y s t r e s s 

c o n c e n t r a t i o n s i n t h e v i c i n i t y o f p a t h p l a t e s , s u c h p l a t e s a n d t h e h o l e s 

w h i c h t h e y c o v e r s h o u l d h a v e t h e i r c o r n e r s r o u n d e d t o a r a d i u s a t l e a s t 

e q u a l t o o n e e i g h t h o f t h e i r t r a n s v e r s e d i m e n s i o n o r t h r e e i n c h e s 

w h i c h e v e r i s t h e g r e a t e r . 

( i n s e r t g r a p h ) 
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( D ) W E L D E D D O U B L E R P L A T E S 

( 1 ) A w e l d e d d o u b l e r p l a t e i s n o t , i n g e n e r a l , c o n s i d e r e d s u i t a b l e a s a 

p e r m a n e n t r e p a i r m e a s u r e fo r t h e m a i n h u l l g i r d e r . I t s u s e d o e s n o t i n s u r e 

c o n t i n u i t y o f s t r e n g t h w h i c h is a c h i e v e d b y t h e i n s t a l l a t i o n o f i n s e r t p l a t e in t h e 

s a m e l o c a t i o n . A l s o , w h e n a d o u b l e r i s a t t a c h e d t o d e f i c i e n t p l a t i n g , i t s v e r y 

p r e s e n c e c r e a t e s a d i s c o n t i n u i t y w h i c h m a y i n d u c e r a t h e r t h a n p r e v e n t a 

s t r u c t u r a l f a i l u r e . A d d i t i o n a l l y , w h e r e d o u b l e r s h a v e b e e n u s e d , t h e y t e n d t o 

p r o l i f e r a t e a s r a n d o m l y - p l a c e d p a t c h e s w h i c h o f t en s e r v e o n l y t o c o v e r u p t h e 

d e f i c i e n c i e s w h i c h w o u l d o t h e r w i s e i n d i c a t e t h e t r u e c o n d i t i o n o f t h e h u l l . 

( 2 ) D o u b l e r s m a y p r o p e r l y b e u s e d t o p r o v i d e l o c a l r e i n f o r c e m e n t a t h a t c h 

c o r n e r s , o v e r b o a r d d i s c h a r g e s , s e a c h e s t s , m a s t o r k i n g p o s t f o u n d a t i o n s , e t c . 

T h e y m a y a l s o b e u s e d i n a c c o r d a n c e w i t h a p p r o v e d p l a n s , i n t h e f o r m o f 

s t r a p p i n g f i t t ed t o i n c r e a s e t h e h u l l g i r d e r s t r e n g t h a n d s t i f fness . W h e r e so 

u s e d t h e p l a t i n g t o w h i c h t h e y a r e a t t a c h e d s h o u l d b e in g o o d c o n d i t i o n t o 

i n s u r e e f f ic ien t a t t a c h m e n t , b u fi l let w e l d i n g a l o n g t h e e d g e s . P l u g w e l d i n g , i n 

t h e b o d y o f t h e d o u b l e r , c a n b e u s e d . T h e c o r n e r s o f t h e d o u b l e r s h o u l d b e 

t a p e r e d a n d w e l l r o u n d e d . 

( 3 ) D o u b l e r s m a y b e a c c e p t e d i n n o n - s t r e n g t h a r e a s w h e r e t h e i r p u r p o s e i s 

e s s e n t i a l l y t o r e s t o r e w a t e r l i g h t i n t e g r i t y a n d l o c a l s t r e n g t h . S u c h a r e a s 

i n c l u d e : 

( a ) d e c k p l a t i n g w e l l i n b o a r d b e t w e e n c a r g o h a t c h e s 

( b ) h o u s e t o p s a n d s u p e r s t r u c t u r e d e c k s e x c e p t t h e f irs t d e c k a b o v e t h e 

m a i n d e c k i n v e s s e l s w i t h l o n g s u p e r s t r u c t u r e s 

( c ) f o r e c a s t l e d e c k s a n d p o o p d e c k s l i m i t e d t o a p p r o x i m a t e l y t h e f o r w a r d 

o r a f te r o n e - t e n t h l e n g t h o f t h e v e s s e l 

( d ) p l a t f o r m d e c k s 
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( 4 ) E v e n in these loca t ions , doub le r s shou ld n o t b e p e r m i t t e d w h e r e specia l loca l 
s t rength is requi red . F o r e x a m p l e , the p la t ing fo rming the h o u s e top of a smal l deck 
h o u s e is n o t i n v o l v e d in bas i c hu l l s t rength. R e p a i r b y doub le r w o u l d b e per fec t ly 
accep tab le if the deck h o u s e se rved as a b o s n ' s locke r or the p l e n u m of a ven t i l a t ion 
sys tem. H o w e v e r , if the h o u s e top p la t ing t ied toge the r the f raming i n t ended to fix 
the pos i t i on of a m a s t or k ingpos t , a doub le r p a t c h w o u l d n o t b e pe rmiss ib le . 
A n o t h e r e x a m p l e in the s a m e ca tegory is the supers t ruc ture deck p la t ing in w a y of a 
l i feboat ins ta l la t ion. 

( 5 ) W h e n a doub le r is d e e m e d appropr ia te a n d is ins ta l led ove r a crack, the ends of 
the c rack shou ld b e dr i l led and, if poss ib le , the c rack shou ld b e v e e d a n d w e l d e d . 

( 6 ) O n vesse l s w i t h o u t doub le b o t t o m s opera t ing o n p ro tec t ed w a t e r s or in o ther 
s imi lar c i r cums tances on such vesse l s , doub le r s m a y b e accep ted for repa i r s in w a y 
of eng ine or bo i le r r o o m s w h e r e it w o u l d b e n e c e s s a r y to r e m o v e h e a v y equ ipmen t , 
etc . in o rder to p r o v i d e access for p la t ing r ep l acemen t . H o w e v e r , in such cases , care 
shou ld b e t a k e n that ex is t ing p la t ing h a s e n o u g h th i ckness for efficient a t t achment . 

(7 ) D o u b l e r s o n t ank vesse l s in w a y of ca rgo or fuel t anks are a specia l p r o b l e m . 
T h e in terface b e t w e e n a doub le r a n d the p la te b e n e a t h can cons t i tu te a gas p o c k e t 
w h i c h is h a z a r d o u s a n d c o m p l e t e l y inaccess ib le to gas- f ree ing p rocedu re s . D o u b l e r s 
shou ld n o t b e p e r m i t t e d in such loca t ions excep t as de ta i led o n app rova l p l ans . 

(8 ) P l an app rova l is u sua l l y n o t n e c e s s a r y for ins ta l la t ions m a d e in a c c o r d a n c e w i t h 
p a r a g r a p h s (3) a n d (4) above . H o w e v e r , a r e c o r d of e a c h insta l la t ion, inc lud ing its 
size a n d loca t ion , shou ld b e m a i n t a i n e d in the v e s s e l ' s i n spec t ion file. 

( E ) C R O P P I N G A N D R E N E W I N G 

(1 ) In the case of s t ructura l m e m b e r s such as f rames , b e a m s , stiffeners, etc. , it is a 
p rac t ica l r epa i r m e a s u r e to c rop out the d is tor ted or w a s t e d sec t ion of the m e m b e r , 
the ou te r f lange for e x a m p l e , a n d rep lace w i t h n e w mate r ia l . W h e r e th is m e t h o d is 
used , the fo l lowing cond i t ions shou ld preva i l : 

(a) The re shou ld b e sufficient ma te r i a l in the r e m a i n i n g por t ion of the m e m b e r 
to p e r m i t shou ld a t t achmen t of the n e w me ta l . 

- 2 3 -



( b ) The n e w po r t i on shou ld b e in g o o d a l i g n m e n t w i t h the adjo in ing o ld 
por t ion . Par t icu la r care shou ld b e exe rc i sed in th is r e g a r d in w a y of 
f langes . 

( c ) The re shou ld b e sufficient c lea rance to p e r m i t the m a k i n g of g o o d w e l d s . 
If th is is n o t the case , the m e m b e r shou ld be r e n e w e d . 

(d ) If the a t t achmen t of the m e m b e r to the adjoining p la t ing is b y r ive t ing , the 
j o i n t wi l l h a v e to b e c h e c k e d for t igh tness a n d cor rec ted as n e c e s s a r y after 
c o m p l e t i o n of we ld ing . 

V . W E L D I N G 

( A ) G E N E R A L 

Sec t ion 26 , Par ts I and III of the A m e r i c a n B u r e a u of Sh ipp ing Ru les for Bu i ld ing 
a n d Class ing Steel Ves se l s con ta ins the r e q u i r e m e n t s a n d ins t ruc t ions for the 
p r o d u c t i o n of accep tab le hu l l w e l d s a n d the qual i f ica t ions of w e l d e r s . T h e s e ru les 
are n o t r e p e a t e d he re b e c a u s e t h e y are ava i lab le to a n d shou ld b e u s e d b y inspec tors 
e n g a g e d in cons t ruc t ion or repa i r work . S o m e po in t s w h i c h requ i re specia l n o t are 
d i scussed in the fo l lowing pa rag raphs . 

( B ) W E L D E R S 

In v i e w of the i m p o r t a n c e of ob ta in ing s o u n d w e l d s in repa i r w o r k , n o r m a l l y on ly 
w e l d e r s qual i f ied b y the Coas t Gua rd , the A m e r i c a n B u r e a u of Sh ipp ing or the 
N a v a l Ships S y s t e m s C o m m a n d ( N a v y D e p a r t m e n t ) shou ld b e employed . In s o m e 
cases , qual i f ica t ions b y o ther g o v e r n m e n t agenc ie s or fabr icators m a y b e accep tab le . 
Cases of th is na tu re shou ld b e re fer red to the C o m m a n d a n t ( M M T ) for reso lu t ion . 

( C ) S T E E L 

(1 ) S t e e l p l a t e a n d s h a p e s w h i c h a r e t o b e w e l d e d s h o u l d m e e t t h e 

a p p l i c a b l e r e q u i r e m e n t s fo r s t r u c t u r a l s t ee l for h u l l s a s se t f o r t h i n S e c t i o n 

3 9 o f t h e A m e r i c a n B u r e a u o f S h i p p i n g R u l e s fo r B u i l d i n g a n d C l a s s i n g 

S t ee l V e s s e l s . H a l f r o u n d s , r o u n d s a n d b u l b b a r s a r e f r e q u e n t l y p r o d u c e d 

f r o m B e s s e m e r s tee l w h i c h i s n o t p e r m i t t e d b y A m e r i c a n B u r e a u o f 

S h i p p i n g R u l e s d u e t o t h e l i k e l i h o o d t h a t s u c h s t ee l m a y b e v e r y n o t c h 

s e n s i t i v e a t o r d i n a r y o p e r a t i n g t e m p e r a t u r e s . 
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A l l s h i p s t ee l , i n c l u d i n g t h e a b o v e i t e m s , m u s t b e m a d e b y t h e o p e n h e a r t h , 

b a s i c o x y g e n , e l e c t r i c f u r n a c e o r s u c h o t h e r p r o c e s s a s m a y b e s p e c i f i c a l l y 

a p p r o v e d . T h e e n d s o f h a l f - r o u n d s a n d b u l b s s h o u l d b e k e p t c l e a r o f 

e x i s t i n g s t r u c t u r a l d i s c o n t i n u i t i e s . H a l f - r o u n d i n s t a l l a t i o n s w h i c h d i s t u r b 

t h e s m o o t h , u n n o t c h e d e d g e o f t h e s h e e r s t r a k e s h o u l d b e a v o i d e d . H i g h 

s t r e n g t h s t e e l s r e q u i r e v e r y s p e c i a l h a n d l i n g d u r i n g f a b r i c a t i o n . G r e a t c a r e 

m u s t b e e x e r c i s e d i n a d h e r i n g t o c a r e a n d u s e o f t h e c o r r e c t w e l d i n g 

e l e c t r o d e s , a n d i n t h e p r o p e r i d e n t i f i c a t i o n o f t h e s t ee l . T h e u s u a l s h i p y a r d 

p r a c t i c e s s u i t a b l e fo r w o r k i n g w i t h c o n v e n t i o n a l s h i p s t ee l a r e n o t a d e q u a t e 

w h e n it c o m e s t o h i g h s t r e n g t h s t ee l . A m o n g t h e m o r e i m p o r t a n t r e a s o n s 

for t h i s a r e t h e f o l l o w i n g : 

( a ) S t e e l s l o o k t h e s a m e , b u t w h e n u s e d i n t h e d e s i g n o f a s h i p , m u c h 

g r e a t e r l o a d s a r e i m p o s e d o n t h e s p e c i a l s t e e l s ; l o a d s w h i c h p r o b a b l y 

c o u l d n o t b e s u s t a i n e d i f c o n v e n t i o n a l s t ee l w a s s u b s t i t u t e d b y 

m i s t a k e . 

( b ) W e l d i n g e l e c t r o d e s w h i c h a r e s a t i s f a c t o r y o f c o n v e n t i o n a l s t ee l 

w o u l d n o t p r o v i d e s t r e n g t h , i n w a y o f t h e w e l d e d c o n n e c t i o n , 

e q u i v a l e n t t o t h e s t r e n g t h o f t h e p l a t e s j o i n e d . I n m o s t c a s e s , l o w 

h y d r o g e n e l e c t r o d e s a r e r e c o m m e n d e d fo r w e l d i n g h i g h s t r e n g t h 

s t e e l s in o r d e r t o a v o i d u n d e r b e a d t r a c k i n g . 

( c ) I n s o m e h i g h s t r e n g t h s t e e l s ; fo r e x a m p l e , t h e q u e n c h e d a n d 

t e m p e r e d s t e e l s , a h e a t i n p u t d u r i n g w e l d i n g w h i c h w o u l d b e 

a c c e p t a b l e fo r c o n v e n t i o n a l s t ee l , w o u l d d r a s t i c a l l y r e d u c e t h e 

t o u g h n e s s o f t h e s p e c i a l s t ee l i n t h e h e a t a f f e c t e d z o n e ( H A Z ) . 

( d ) A l s o , i n s o m e o f t h e s e s t e e l s , t h e i n s t a l l a t i o n o f t e m p o r a r y c l i p s o r 

e v e n a r e s t r i k e s o n t h e p l a t e c a n h a v e a s e r i o u s , d e t r i m e n t a l e f fec t . 

( 2 ) I n v i e w o f t h e a b o v e , r e n e w a l o r r e p a i r s i n v o l v i n g h i g h s t r e n g t h s t e e l s 

s h o u l d n o t b e u n d e r t a k e n w i t h o u t r e c o u r s e t o p l a n s a n d p r o c e d u r e s w h i c h h a v e 

b e e n a p p r o v e d fo r t h e s p e c i f i c i n s t a l l a t i o n . F u r t h e r i n f o r m a t i o n o n t h e w e l d i n g 

o f h i g h s t r e n g t h s t ee l s a v a i l a b l e f r o m t h e C o m m a n d a n t ( M M T ) o r t h e f i e ld 

( m m t ) off ice . 
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(D) F I L L E R M E T A L 

( 1 ) E l e c t r o d e s s h o u l d b e s u i t e d t o t h e s t ee l t o b e w e l d e d . E x c e p t w h e n s p e c i a l 

s t e e l s a r e i n v o l v e d o r s p e c i f i c e l e c t r o d e s a r e i n d i c a t e d o n a p p r o v e d p l a n s , t h e 

w e l d i n g e l e c t r o d e s s h o u l d b e a m o n g t h o s e l i s t e d i n t h e c u r r e n t A m e r i c a n 

B u r e a u o f S h i p p i n g a p p r o v e d l i s t , " A p p r o v e d W e l d i n g E l e c t r o d e s W i r e - F l u x 

a n d W i r e - G a s C o m b i n a t i o n s . " 

( 2 ) T h i s l i s t i s d i s t r i b u t e d t o al l M a r i n e I n s p e c t i o n O f f i c e s b y t h e C o m m a n d a n t 

w h e n e v e r n e w i s s u e s a r e p u b l i s h e d . I t i s t o b e n o t e d t h a t m o s t o f t h e a p p r o v e d 

w e l d i n g e l e c t r o d e s a r e l i s t e d i n E q u i p m e n t L i s t s , C G - 1 9 0 , b u t t h i s l i s t i n g w i l l 

b e d i s c o n t i n u e d b e g i n n i n g w i t h t h e 1 9 6 8 e d i t i o n . E l e c t r o d e s s h o u l d b e k e p t 

d r y w h i l e i n s t o r a g e . W h e r e l o w h y d r o g e n e l e c t r o d e s a r e u s e d , i t i s e s p e c i a l l y 

i m p o r t a n t t h a t t h e y b e d e - h y d r a t e d b e f o r e u s e . O t h e r w i s e , m o i s t u r e p i c k e d u p 

f r o m t h e a t m o s p h e r e a l o n e w i t h o u t a n y d i r e c t w e t t i n g m a y r e s u l t i n v e r y f au l t y 

w e l d s . 

T h e p r e p a r a t i o n o f t h e e d g e o f t h e b a s e m e t a l b e f o r e w e l d i n g d e p e n d s u p o n t h e 

t h i c k n e s s o f t h e p l a t e a n d t h e d e s i g n o f t h e j o in t . T h e r e q u i r e m e n t s a r e s p e c i f i e d i n 

S e c t i o n 2 6 o f t h e A m e r i c a n b u r e a u o f S h i p p i n g R u l e s . T h e f o l l o w i n g a r e s o m e 

p o i n t s w h i c h r e q u i r e s p e c i a l a t t e n t i o n : 

( 1 ) R o u g h o r i r r e g u l a r p r e p a r a t i o n o f t h e e d g e s h o u l d n o t b e a c c e p t e d . 

(2 ) T h e d i m e n s i o n s o f t h e r o o t o p e n i n g s h o u l d b e w i t h i n t h e s p e c i f i e d 
t o l e r a n c e s . E x c e s s i v e r o o t f a c e , i n s u f f i c i e n t r o o t g a p , o r i n s u f f i c i e n t b e v e l 
a n g l e w i l l r e s u l t i n p o o r p e n e t r a t i o n . T o o w i d e a r o o t g a p w i l l r e s u l t i n 
d i f f i cu l ty i n m a k i n g a s a t i s f a c t o r y r o o t p a s s u n l e s s o n e f a c e o f t h e j o i n t i s f i rs t 
b u i l t u p b y w e l d i n g o r a b a c k i n g s t r ip i s u s e d . A l l e x a m i n e d d e f i c i e n c i e s a r e 
r e a d i l y a p p a r e n t i f t h e f i t -up i s e x a m i n e d b e f o r e t h e w e l d i n g i s c o m m e n t e d 
a n d al l a r e c o r r e c t a b l e . 

( 3 ) T h e s u r f a c e t o b e w e l d e d s h o u l d b e c l e a n a n d d r y . T h e i n c l u d e s b o t h t h e 

b a s e m e t a l a n d p r e v i o u s b e a d s o f w e l d i n g . A c l e a n s u r f a c e i s o n e f ree o f d i r t , 

s l a g , o i l , r u s t , s c a l e , o r p a i n t . 

( E ) E D G E P R E P A R A T I O N 
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( F ) W E L D I N G S E Q U E N C E 

I n m o s t r e p a i r w o r k l o c k e d - i n w e l d i n g s t r e s s e s c a n n o t b e a v o i d e d . H o w e v e r , t h e y 

c a n b e m i n i m i z e d i f s o m e a t t e n t i o n i s g i v e n t o w o r k i n g i n a c c o r d a n c e w i t h a p l a n n e d 

w e l d i n g s e q u e n c e . I n g e n e r a l , t h i s m u s t b e lef t t o a w e l d i n g e n g i n e e r . B u t , w h e n 

m a j o r r e p a i r s a r e u n d e r t a k e n , t h e i n s p e c t o r s h o u l d a s c e r t a i n t h a t a w e l d i n g 

s e q u e n c e h a s b e e n p r e p a r e d a n d h e s h o u l d c h e c k t o s e e t h a t i t i s f o l l o w e d o n t h e 

j o b . S o m e o f t h e f u n d a m e n t a l c o n s i d e r a t i o n s i n t h i s r e g a r d a r e a s f o l l o w s : 

(1 ) I t i s p o o r p r a c t i c e t o w e l d a c r o s s a n o p e n b u t t . 

( i n se r t p i c t u r e ) 

(2 ) W h e r e e x t e n s i v e w o r k i s r e q u i r e d o n b o t h s i d e s o f t h e v e s s e l , i t i s b e t t e r 

p r a c t i c e t o h a v e t h e w e l d i n g p r o g r e s s s i m u l t a n e o u s l y o n b o t h s i d e s r a t h e r 

t h a n t o c o m p l e t e o n e s i d e b e f o r e s t a r t i n g t h e o t h e r . 

(3 ) I n g e n e r a l , t h e o r d e r o f w e l d i n g s h o u l d b e s u c h a s t o a l l o w t h e 

m a x i m u m f r e e d o m for c o n t r a c t i n g o f t h e w e l d m e n t . F o r e x a m p l e , i t w o u l d 

b e p o o r p r o c e d u r e t o f ix b o t h s h o r t e r e d g e s o f a p l a t e b e f o r e w e l d i n g t h e 

l o n g e r e d g e s . 

(4 ) T e m p e r a t u r e is a n i m p o r t a n t f a c t o r in w e l d i n g . W h e r e w e l d i n g i s d o n e 

a t t e m p e r a t u r e s a p p r e c i a b l y b e l o w f r e e z i n g , p r e - h e a t a n d / o r s h e l t e r s h o u l d 

b e p r o v i d e d t o r e d u c e t h e r a t e o f c h i l l i n g . M o r e c a u t i o n i n t h i s r e g a r d i s 

n e c e s s a r y w h e n w e l d i n g o n t h i c k p l a t i n g t h a n o n t h i n n e r p l a t i n g . 

- 2 7 -



F o r o r d i n a r y t h i c k n e s s e s a n d t e m p e r a t u r e s n o t fa r b e l o w f r e e z i n g , w o r k w i t h i n a 

s h i p o r o n a s h i p ' s b o t t o m w i t h i n a g r a v i n g d o c k m a y u s u a l l y b e c o n s i d e r e d a s 

su f f i c i en t ly s h e l t e r e d . 

( G ) P R O C E D U R E 

(1 ) B e s i d e s p r o p e r s h i p f i t t i n g a n d t 4 e m p e r a t u r e s a n d e d g e p r e p a r a t i o n , t h e r e 

s h o u l d b e ca re fu l a l i g n m e n t o f t h e s t r u c t u r e . L o c a l e c c e n t r i c i t y i n b u t t s o f 

i n t e r c o s t a l l o n g i t u d i n a l b e a m s , g i r d e r s , a n d b u l k h e a d s a t t a c h e d t o s t r e n g t h d e c k 

a n d s h e l l s i s c o n d u c i v e t o s e r v i c e c r a c k i n g . T h e w e b s o f s u c h m e m b e r s s h o u l d 

b e c a r e f u l l y a l i g n e d o n b o t h s i d e s o f t h e i n t e r r u p t i n g ( t r a n s v e r s e ) s t r u c t u r e b e f o r e 

w e l d i n g , a n d c h a n g e s o f g i r d e r d e p t h a n d f l a n g e s o c c u r r i n g at t h e i n t e r r u p t i n g 

s e c t i o n s h o u l d b e p r o v i d e d w i t h t r a n s i t i o n f a i r i ng . 

(2 ) T a c k w e l d s w h i c h a r e u s e d t o p o s i t i o n t h e w e l d m e n t i n t h e f i t -up s h o u l d b e 

c h i p p e d o u t b e f o r e m a k i n g t h e f ina l w e l d . F r e q u e n t l y , t h e y h a v e b e e n 

o v e r s t r e s s e d a n d m a y c o n t a i n s u b - s u r f a c e c r a c k s . T h e w e l d i n g m a c h i n e s 

e m p l o y e d s h o u l d b e a d e q u a t e for t h e j o b , i n g o o d c o n d i t i o n a n d o p e r a t e d a t t h e 

c o r r e c t s e t t i n g for t h e w o r k at h a n d . B u t t w e l d s , e x c e p t i n v e r y t h i n p l a t e s , ca l l 

for b a c k - c h i p p i n g w i t h a r o u n d - n o s e d t o o l o r b y m e a n s o f l a m e - g o u g i n g i n o r d e r 

t o i n s u r e c o m p l e t e p e n e t r a t i o n . T h e u s e o f a b a c k i n g s t r i p , f l u x b a c k - u p , e t c . , a r e 

s a t i s f a c t o r y a l t e r n a t i v e s . 

( I) B a c k C h i p p i n g 

( i n s e r t p i c t u r e ) 
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( I I ) B a c k i n g S t r i p 

( inse r t p i c t u r e h e r e ) 

( H ) W E L D I N G D E F E C T S 

(1) P a r t i c u l a r a t t e n t i o n is c a l l e d t o w e l d d e f i c i e n c i e s w h i c h c a n o c c u r i f 

c o r r e c t p r o c e d u r e s a r e n o t f o l l o w e d . T h e s e w e l d d e f i c i e n c i e s c a n a n d d o l e n d 

t o c r a c k i n g o f t h e m a i n h u l l g i r d e r o f t h e v e s s e l a n d a r e a b o u t t h e m o s t 

e f f ec t i ve c r a c k i n i t i a t o r s k n o w n . T h e d e s t r u c t i v e p o t e n t i a l o f t h e d e f i c i e n c i e s 

o f t en l i e s d o r m a n t fo r p r o t r a c t e d p e r i o d s w h i l e w a i t i n g t h e n e c e s s a r y 

c o n d i t i o n s o f t e m p e r a t u r e a n d / o r s e r v i c e s t r e s s m a g n i t u d e t o t r i g g e r a c r a c k 

w h i c h i n s t a n t a n e o u s l y p r o p a g a t e s i n t o a s e r i o u s h u l l f a i l u r e . S u c h f a i l u r e s c a n 

o c c u r u n d e r f a i r ly m o d e r a t e s t r e s s e s , a r i s i n g f r o m s e a a c t i o n o r f r o m c a r g o 

d i s t r i b u t i o n a l o n e , o n a c o l d w i n t e r d a y . 

(a ) S u b - s u r f a c e w e l d d e f e c t s i n b u t t s a n d s e a m s w h i c h i n c l u d e 

i n t e r p a s s w e l d b e a d c r a c k s , s l a g i n c l u s i o n , i n c o m p l e t e p e n e t r a t i o n 

a n d l a c k o f f u s i o n m u s t b e a v o i d e d . 

(b ) S l u g g e d w e l d s . S l u g g e d w e l d s i n v o l v e l a y i n g w e l d i n g r o d s , c a b l e , 

b o l t s o r o t h e r e x t r a n e o u s m a t e r i a l in a w e l d i n g g r o o v e a n d t h e n 

w e l d i n g o v e r it . S u c h a p r o c e d u r e o b v i o u s l y c r e a t e s a s e r i o u s c a v i t y i n 

t h e h e a r t o f t h e w e l d w h i c h i s n o t d e t e c t a b l e f r o m s u r f a c e a p p e a r a n c e . 

S u p e r v i s o r s a n d w o r k m e n w h o h a v e b e e n w e l l i n f o r m e d a s t o t h e 

c r i t i ca l n a t u r e o f s u c h a c o n d i t i o n a r e t h e b e s t p r o t e c t i o n a g a i n s t 

s l u g g e d w e l d s . W e l d e r s t u r n i n g o u t v e r y h i g h f o o t a g e s h o u l d h a v e 

t h e i r w e l d i n g s u b j e c t e d t o r a d i o g r a p h i c e x a m i n a t i o n a s a p r e c a u t i o n 

a g a i n s t " s l u g g i n g . " 
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(c ) C a u l k i n g o f l e a k y o r c r a c k e d w e l d s . C a u l k i n g o r p e e n i n g i n n o w a y 

r e d u c e s t h e c r a c k i n i t i a t i n g p r o p e r t i e s o f a d e f e c t i v e w e l d n o r d o e s i t 

r e d u c e t h e l i ab i l i t y o f a n e x i s t i n g c r a c k t o p r o p a g a t e fu r the r . 

S u c h a n o p e r a t i o n o n l y s e r v e s t o " c o n c e a l " a n d t h e r e b y " b u i l d " i n t o t h e 

v e s s e l a p o t e n t i a l s o u r c e o f s e r i o u s s t r u c t u r a l f a i l u r e . A c c o r d i n g l y , a l l 

p e e n i n g o r c a u l k i n g o f l e a k y o r c r a c k e d s h i p w e l d s s h o u l d b e 

p r o h i b i t e d . L e a k y o r c r a c k e d m o l d s s h o u l d b e c h i p p e d o u t a n d 

r e - w e l d e d . 

(d ) S q u a r e c o r n e r s . W e l d i n g i n t o o r a r o u n d s q u a r e c o r n e r s , s u c h a s 

c a n o c c u r i n t h e i n s t a l l a t i o n o f i n s e r t a n d d o u b l e r p l a t e s , s h o u l d n o t b e 

p e r m i t t e d for a t t a c h m e n t s t o s h e l l , s t r e n g t h d e c k s o r t a n k t o p s . S u c h 

s q u a r e c o r n e r s s h o u l d b e r o u n d e d t o a 3 i n c h m i n i m u m r a d i u s . C o r n e r s 

o f o p e n i n g s s h o u l d b e r o u n d e d t o t h e l a r g e s t p r a c t i c a b l e r a d i u s , 

g e n e r a l l y n o t l e s s t h a n l /8 t h e t r a n s v e r s e d i m e n s i o n b u t n o t o r d i n a r i l y 

m o r e t h a n 2 4 i n c h e s . C u t s s h o u l d b e m a d e e i t h e r b y g u i d e d b u r n i n g o r 

s h o u l d b e g r o u n d t o a fa i r s m o o t h c o n t o u r . A n e x c e p t i o n t o t h i s i s t h e 

w e l d i n g o f a n e n t i r e p l a t e s e c t i o n . G e n e r a l l y , t h e c o r n e r s a r e n o t 

r o u n d e d b u t t h e s e a m s i n t h e a d j a c e n t p l a t e s a r e r e l e a s e d a s s h o w n i n 

t h e f o l l o w i n g s k e t c h t o m i n i m i z e l o c k e d - i n s t r e s s e s a n d t h e n r e w e l d e d 

in s u i t a b l e s e q u e n c e . H o l e s d r i l l e d a s w h o m p r i o r t o r e l e a s i n g t h e 

a d j a c e n t p l a t e w i l l m i n i m i z e t h e l i k e l i h o o d o f c r a c k s o c c u r r i n g a t t h e 

e n d s o f t h e s lo t s . 

( i n s e r t g r a p h h e r e ) 
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(a ) U n d e r c u t w e l d s . U n d e r c u t b u t t a n d s e a m w e l d s o f she l l , i n n e r 

b o t t o m a n d s t r e n g t h d e c k , o r u n d e r c u t f i l let w e l d s a t t a c h i n g s t r u c t u r a l 

m e m b e r s t h e r e t o , s h o u l d b e a v o i d e d . T h i s i s p a r t i c u l a r ) y i m p o r t a n t fo r 

f i l let w e l d s n e a r o r a t t h e e n d o f d i s c o n t i n u o u s l o n g i t u d i n a l m e m b e r s , 

s u c h a s b i l g e k e e l s , t a n k e r l o n g i t u d i n a l s , d e c k c l i p s , o r f o u n d a t i o n 

m e m b e r s . U n d e r c u t t i n g i n t h e s e l o c a t i o n s h a s c o n t r i b u t e d t o c o m p l e t e 

h u l l g i r d e r f r a c t u r e s . 

(f) A r c - s t r i k e s a n d l i g h t b e a d s o f w e l d i n g . A r c - s t r i k e s a n d l i g h t b e a d s 

o f w e l d i n g s h o u l d b e a v o i d e d o n t h e s u r f a c e o f s t r e n g t h d e c k , she l l o r 

t a n k t o p p l a t i n g , d u e t o q u e n c h e f fec t w i t h p o s s i b l e s u b s e q u e n t c r a c k 

s t i m u l a t i o n . A r c - s t r i k e s p r o d u c e h a r d , b r i t t l e m e t a l l o c a l l y , c o n t a i n i n g 

m i c r o s c o p i c c r a c k s . I t i s r e c o m m e n d e d t h a t s u c h a r e a s b e c h i p p e d o u t 

a n d r e - v e i l e d u s i n g a p r e - h e a t o f a t l e a s t 1 5 0 ' F . 

(g ) P r o j e c t i o n s o r c a v i t i e s . V e r y o f t e n p a d s o r l u g s a r e w e l d e d t o 
p l a t e s for t h e p u r p o s e o f j a c k i n g t h e p l a t e s i n t o a l i g n m e n t a n d 
a f t e r w a r d s a r e k n o c k e d l o o s e w i t h a s l e d g e . A n y p r o j e c t i o n s r e s u l t i n g 
i r o n k n o c k i n g of f t h e l u g s s h o u l d b e c h i p p e d of f a n d g r o u n d fair i f 
n e c e s s a r y . I f t h e r e a r e a n y c a v i t i e s t h e s e s h o u l d b e w e l d e d f l u sh . 

(2 ) S l u g g i n g , i n c l u d e d s l a g , o r s u b m e r g e d c r a c k s c a n n o t b e d e t e r m i n e d b y 

t h e s u r f a c e a p p e a r a n c e o f w e l d s . T h e s e d e f e c t s , h o w e v e r , c a n s e r i o u s l y 

r e d u c e t h e s t r e n g t h o f a w e l d e d j o i n t a n d c a n p r o v i d e t h e s t a r t i n g p o i n t fo r 

s e r i o u s f r a c t u r e s . S e c t i o n 2 6 o f t h e A m e r i c a n B u r e a u o f S h i p p i n g R u l e s fo r 

B u i l d i n g a n d C l a s s i n g S t e e l V e s s e l s p r o v i d e s fo r r a d i o g r a p h i c o r e q u i v a l e n t 

i n s p e c t i o n o f h u l l j o i n t s at i m p o r t a n t l o c a t i o n s . S i n c e a n y j o i n t s i n t h e h u l l , 

i n c l u d i n g t h e u p p e r d e c k s w i t h i n a p p r o x i m a t e l y at l e a s t t h e m i d d l e h a l f l e n g t h 

m a y b e r e g a r d e d a s i m p o r t a n t , t h i s r u l e i s c o n s i d e r e d t o p r o v i d e a b a s i s for 

r e q u i r i n g r a n d o m s p o t c h e c k i n g o f h u l l w e l d i n g b y m e a n s o f r a d i o g r a p h i c o r 

u l t r a s o n i c t e c h n i q u e s . S u c h s p o t c h e c k i n g s h o u l d b e a c c o m p l i s h e d t o t h e 

e x t e n t d e t e r m i n e d n e c e s s a r y b y e x p e r i e n c e i n c h e c k i n g w e l d i n g in t h e y a r d 

c o n c e r n e d . Y a r d s s h o u l d k e e p a r e c o r d o f 
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the w o r k p e r f o r m e d b y e a c h we lder . A n y w e l d e r found to b e de l ibera te ly s lugg ing 
w e l d s shou ld b e d isqual i f ied a n d m a y b e subject to c r imina l p rosecu t ion . 

(3) W h e n w e l d s are c h e c k e d b y a non-des t ruc t ive tes t ing m e t h o d , such as 
r ad iog raphy , the ques t ion often ar ises as to the p r o p e r s t andard to app ly for a 
re jec t ion or accep tance cr i ter ion. S l u g g e d w e l d s , of course , g ive a g ross defect 
ind ica t ion a n d the re is n o ques t ion as to the non-su i t ab i l i ty of such a we ld . 
O the r w e l d i n g defects such as slag inc lus ions , po ros i ty a n d subsur face c racks 
requ i re a lgae j u d g m e n t as to w h a t cons t i tu tes an u n a c c e p t a b l e we ld . T he r e is n o 
s imple answer . In s o m e cases , such as a m a i n s t rength h i g h l y s t ressed jo in t , a v e r y 
r ig id s t andard w o u l d b e proper . In o ther cases , to eva lua t ion of the des ign a n d the 
type of s tress app l ied m i g h t indica te a la rge m a r g i n of safety exis ts a n d the 
accep tance cr i ter ia can safely b e set lower . T h e fo l lowing in fo rma t ion sources 
offer g u i d a n c e : 

S S C - 1 7 7 "Gu ide for In te rpre ta t ion of N D T of W e l d s in 
Ship Hu l l S t ruc tures" p r e p a r e d b y the Sh ip 
St ruc tures C o m m i t t e e 

I IW P a m p h l e t "Rad iog raphs of W e l d s " 

A B S Ci rcu la r N o . 145, G u i d e for the R a d i o g r a p h i c 
Inspec t ion of W e l d s 

A B S Ci rcu la r N o . 40 , M a g n e t i c Par t ic le In spec t ion 

S S C - 1 7 7 appl ies on ly to hu l l w e l d i n g and therefore the r e q u i r e m e n t s 
are n o t as s t r ingent as for p res su re vesse l s . 

Vl . R I V E T I N G 

(A) C E N E R A L 

The r e n e w a l of deck a n d shel l p la t ing is bes t a c c o m p l i s h e d f rom an overa l l 
s t ructura l v i e w p o i n t b y r e p l a c e m e n t in k ind , (i.e.) r ive ted r e p l a c e m e n t s in r ive ted 
hul l s to avo id h a r d spots or po in t s of h i g h stress concen t r a t ion in an o the rwise less 
r e s t r a ined hu l l s t ructure . H o w e v e r , r ive t ing is b e c o m i n g inc reas ing ly difficult a n d 
cost ly . H e n c e , it b e c o m e s n e c e s s a r y to m a k e w e l d e d repa i r s to r ive ted ships . 
E x t ens ive expe r i ence a n d tes ts ind ica te tha t 
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the steel in the existing riveted ships may be more sensitive to brittle fracture 
initiation and propagation, when we1ded, than is shipbuilding steel presently 
being supplied under American Bureau of Shipping requirements for Classes B 
or C hul1 steel. Because of this, the use of welding in the repair or alteration 
of existing riveted hulls should be limited as follows: 

(1) Shell and deck seams involving existing plating thicker than 1/2" 
should ordinarily not be welded. 

(2) As previously noted, flush butts between new and existing strakes 
of shell and deck may be welded. Such welds must have full 
penetration. 

(3) Lapped butts involving the use of fillet welds should not be used. 
Welded lapped seams may be used where plating is 1/2" or less in 
thickness. 

(4) For greater thicknesses, replacement should be as original or the 
design changed so that butt welds can be employed. A typical method 
of doing this with in-and-out plating is shown in the sketch below. For 
joggled plates, see Section IV (B) of these notes. 
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(B) HOLE PREPARATION 

Where riveting is necessary and the rivet holes are punched, the holes should be 
reamed in order to remove the excessively cold-worked material which can be a 
source of crack initiation. The holes need to be reamed between 1/16" and 1/4" 
depending on the thickness of plate and the diameter of the hole. In most cases a 
ream of 1/8" will be suitable. 

(C) DETERIORATED OR MISSING RIVETS 

The replacement of deteriorated or missing rivets, which were marginal in size in 
original construction, with undersize bolts is unsatisfactory. However, upon 
approval by the Officer in Charge, Marine Inspection, bolts may be used 
for emergency purposes if oversized and closely fitted into oversized, reamed holes. 
Often the ringing of rivets by means of welding is proposed as a repair measure for 
leaking or otherwise defective rivets. Rivets which do not completely fill and are 
not firm and tight in their holes fail to effectively carry their share of the load, and 
ringing with welding does not improve this situation. Accordingly, any ringing of 
rivets by welding must be regarded as a temporary measure acceptable only where 
not more than a few scattered frame or seam rivets are involved. Ringing of rivets 
by welding should not be permitted in way of lapped 
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or strapped butts, or for any riveting of deck plating outboard of the hatches. The 
use of welding in building up the deteriorated points of otherwise wound rivets is 
permissible, however, provided the corroded metal can be and is removed prior to 
the time that the building up is done. 

(D) LOCK PINS 

Certain types of lockpins have been accepted as a substitute for hull structural 
rivets. Unless lockpins are specified on an approved plan, they should not be used in 
repair applications without consulting the Commandant (MMT) or a field (mmt) 
office. See NVIC 3-68 for further information ca this subject. 

VII. OTHER INFORMATION SOURCES 

Several NAVICS are published or in process of preparation on related subjects. An 
effort has been made to avoid duplication of material; therefore, it will be necessary 
to consult the appropriate circular when seeking information for materials or special 
processes not covered by these notes. Examples of subjects covered elsewhere 
include: 

(1) Steels for Low Temperature Service (NVIC 7-67) 

(2) Tensile Fasteners (Lockpins) (NVIC 3-68) 
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