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SOME NOTES ON THE WEAR AND 

TEAR OF STEAMERS. 

By .J. CHARLES M cALLISTER. 

It occurred to the writer that at the present junc­
ture a few remarks on the deteriorating of steamers 
due to various causes might be interesting. There 
were many agenci~s other than the ravage of time that 
tended to wear a vessel out, among which might be 
mentioned quality of workmanship and IDa t~rial put 
into the ship wilen built. Tile particular trade in 
which she was engaged, personal att~ntion of those in 
charg'e, regularity with which repairs are carried out, 
the quality of paint us~d, and the intelligence and re­
gularity with which they were applied, immunity from 
grounding on fiats or bars. 

These agencies acting separarely or collectively 
form an en,ironment of circumstances that tended to 
a ~ssel's detriment or prolonged its useful existence 
as the case might be. Nearly every substance in nature 
was susceptible to change and had its favorire affinity 
in the form of another element or elem~nts with which 
it sought to combine_ Ohemical affinities, whensatis­
fied, rendered the resulting matrer stable at certain 
temperatures for the time being. 

Most of the metals were found in combination 
only. In isolated instances they were found free, but 
where this was the case it was generally the result of 
some ingenous action at some time more or less remote 
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in geological history. Iron was most frequen tly found 
in oombination with oxygen 
Magnetio Red Clay 

Ore, H ematite, Ironstone 
Fe8 0, Fe~ 0, and Clay, 

Te C08 

') Hydrated peroxide 
"" (Fe~ 08) + 3 ( H~ 0) 

and in such forms was reasonably s ta ble but of no 
value as an ~ngineering constructive material. When, 
however, it was freed by the agency of the smelting 
process from its affiniti~s and appear s as commercial 
pig iron, it is in a less stable though more useful form. 

Nature's processes were n~ver at r est where two 
elements with affinity for each other were in contact, 
and the efforts of iron and oxygen to r e·combine were 
commenced immediately after pr ocesses of manufac· 
tUl'le were comjplete. The re·combination proceeded 
with more or less rapidity according to surrounding 
circumstances of temperature, moistur e, presenoe of 
corrosive agenci~s, galvanic action, and other caus~8, 
untiC the whole body of metal had re·assumed a stable 
form as hydrated peroxide of iron. (Fe,) (Hos). 

Having to construct our ships and ~ngineering 
works of perishable material of this description, we 
found it necessary to use many precautions in order 
to pl'levent decay or rusting of the iron or steel. The 
absolute prevention of rust was practically impossible. 
I t could merely be reduced to a certain minimum, 
which always de~nded on qircumstances. The useful 
life of an iron or steel vessel was most largely infln· 
('nced by three distinct factors, original thickn~ss of 
scantlings, workmanship, and design, subsequent pro· 
tection of the urfaces inside and out. 

For ordinary comm!ercial purpo es, Lloyd's B.C. 
and B.V. rules for steamers' scantlings provided am· 
pIe strength of material for say 25 years' wear with 
ordinary treatment. Of cour~, during that period 
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'm any part s had to be extensively repaired, or renewed, 
frequent cleanings, scrapings, and paintinga resorted 
to in order t o check decay. W it h the ordinary type 
of cargo steamer it seemed a prudent courSle to as­
sume t hat t he vessel would, if she ~xisted, be obso­
lete in 25 years, and most steam companiea provided 
for d~preciation in excess of t his allowance. It must 
be r emembered that most ca rgo steamers carry sma ll 
,crews. The vessels t h&emselvea were expected to be 
constantly employed, and only t he min imUID time a l­
lowed in port for any purpose whatever. 'P&eriodical 
overhauls were curtailed as much as possible, and the 
interior of the hull might 00 perhaps as much as four 
or five years without a proper cleaning, or renewal of 
pa int . In 'Bome climates and trades this did not ap­
pear to matrer to any great extent, particularly if 
'fine classes of goods only were stowed in the holds. 
In humid and hot climates, however, vessels t hat W&ere 
painted black outside, were liable to very considlerable 
det erioration of surfaces inside, chiJefly owing to 
d ampness, coupl.ed with rather wide alternations of 
t emperature. -

When iron was exposed t o the action of pure dry 
air at ordinary temperature rllilting did not occur to 
any appreciabl'i! extent, but in moist air where C.O . • 
was present, and temperatures alternated, say bet­
ween 180 deg. F . and 60 d~g. , rusting was persistent 
and rapid; and in a very few years a comparatively 
thick plate of iron or steel would be reduoed to hydra· 
t ed peroxide of iron. During the progress of this 
chemical combination the metal increased in bulk 
about 2Yz times, became brittle and s.Jightly heavier, 
and liable to fall into pieces on concussion. The th&e­
ory of rusting was now well understood, and might 
be stated as follows : Moisture and C.O. • were near­
ly always present in th.e air, and when iron was ex-
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posed to its action, the 0 and CO 2 (contact being 
promoted by the moisture) began to act at once, form­
ing a layer of carbona.te of iron, Fe + 0 + U0 2 = Fe 
00 8 • More 0 at once acted on the Fe CO 8 ,con-
verting it into Ferric Oxide (Fe. 0 ft ) with libera-
tion of CO 2 ,which with more 0 from the air re-acted 
on the iron or steel. In th~ presence of moisture the 
hydrated peroxide of iron formed on the surface made 
a galvanic couple with the m~tal, and being electro 
negative t o it a current was created at the expense of 
the iron, and corrosion rapidly pro~eded, until all the 
metal was reduced to a stable compound. 

Fe. Os + 3 (H2 0) = Fe 2 (HO) e 
Ferric oxide. Water. Ferric hydrllte. 

Th~re appeared to be no doubt whatever that steel 
was more subject to corrosion and rusting than was 
good malleable iron; but why this 'should be so seemed 
doubtful, and authorities were not agre-ed on the 
point; but it had been noticed that steels containing 
the greatest amounts of combin~d carbon suffered 
most from corrosion. 

Some experiments bearing on this matter were 
carried out by )11'_ Andrews, of the Wortley Iron 
Works, who found that in all the cases under observa­
tion where 'steel and iron plates were compared, the 
advantage was in favor of the wrought iron to the ex­
tent of about 25 per cent. 

He also found that after a certain thickness of 
scale had been formed, galvanic action largely increa­
sed the rapidity of corrosion. Thle plates on which 
these experiments were carried out had been imm~r­
sed in clear 8~a water. The effect of temperature on 
the rapidity with which oxidation progressed, appeared 
to have been neglected in Mr. Andrews' experiments. 

In tropical or semi-tropical climates it was well 
known that any iron or steel work exposed fully to th~ 
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solar rays, unprotected by rooflng or shade of any 
kind, deter iorated much mor rapidly than would be 
th-e case if it were housed, this irrespective of paint 
protection. 

The combinatiop of efficiency in steamers with 
low working expenses was the aim of most shipowners, 
and exoept in a few instances where companies main­
tained a very high standard of excellence, the rank and 
fi le of owner s were satisfi-ed with vessels that wera 
serviceable but not showy, and no !efforts were 
made to mak-e them so, either in finish, by the builder 
or by the owner in up-keep ; in both cases from the 
same reasons. An owner who expected long and use· 
ful life from his vessel, should therefore commenoe 
by having scantlings as heavy as the limitations of his 
trade will permit. The s-ections should be of such shape 
that cleaning was not rendered difficult or impossible, 
as such work in obscure corners would nearly always 
slummed; and h-e 'should see that the best practice in 
shipbuilding was adopted by the firm he patronized. 
Two of the most important details in that regard were 
the fitting of tbre contact surfaces and quality of rivet· 
ting. Slop builders were not too particular as to the 
bevel of their frames, the flanges of which in many 
cas-es were left hollow, and with a quantity of furnaca 
scale on the surfaces. These contact surfaces were 
left unpainted, and when ste-el plating was attached 
the junction at every bevelled frame was faulty, rust­
ing progress-ed with ever-increasing rapidity in such 
places until at last the layer of oxide became so thick 
that the surfaces were forced apart and the rh'ets 
broken or drawn. It was an ordinary experience to 
observe whole lines of keelson and stringer angles that 
had assumed a corrugated form on their contact sur­
faces, which might have been obviated by, in the first 
instance a coat of paint. "'-hen, on the other hand, 
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the fitting had been properly done, contact-surfaces 
coated with zinc and oxide paint, a nd the rivetting as 
it should be, thoe joint maintained its integrity through­
out the lifetime of the vessel. 

In steam colliers the only guarantee of a reason­
ably long life was that the vessel should be built of 
heavy material with a widoe margin of strength to pro­
vide again t pr emature weakness, due to a decay which 
commenoed with the first cargo the vessel carried. All 
the conditions for rapid cor rosion were present in this 
case. A cargo that was entirely eloectro negative to 
the hull, and highly abrasive as r egar ded the destruc­
tion of any protective that be used, generally damp, 
and more or less charged wtih pyrites, which liberated 
under rise of temperature, moisture, and destructive 
sulphurous acids. It was possible to prevent decay in 
this case ; it could only be delayed. 

Thoe action of coal on frames, stringers, reverse 
bars, ties, lower masts, and in fact all exposed iron or 
steel work was entirely destructive, and no 'Successful 
attempts to combat it woere known to the author. The 
oshell plating was attached from inside, and frequent 
pitting occurs in addition to the flaky rusting. On the 
plates about the water line, notwithstanding thoe fre­
quency with which t hey were cleaned and painted out­
'Bide, thoe wasting was greatest and the danger limit was 
'Soonest reached. On the whole, in this class of vessel, 
wasting was greatest from inside. In any class of 
vessoel, the bunkers, bar s, floors and ties under or near 
the boilers, lower parts of bulkheads of machinery 
space, casings round stokehole and base of funnel, were 
always the first portions to require serious repair 
which could only be satisfactorily dealt with in their 
ultimate renewal. Patching was resorted to in the mat­
ter of bulkheads in the early stages of local corrosion; 
.and in thoe case of bunkers they were generally pat-
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ched all o,er in way of boiler' before general renewal 
was r equired. 

The bottom plating insid~ of the hull was generally 
protected from t he action of bilge wat er and other cor­
rosives by a coating of Portland cement, asphaltone, 
or one of th~ now recommended bituminous covel'ing . 
Port land cement mixed with an equal portion of sand, 
had established a hold on shipping people that pointed 
it out to be of great fitn~ss fo r the purpose, where 
applied in a coating of suffici nt thickne'ss. It was 
not advisable t o USe t hin coatings, as the protective 
is then liable to cracking, or abraison fr om coal or 
oth~r solid rolling about among the bilge water. 
E!(,metimes, owing to the presence of too much sand, 
lt was porous and permitted moisture to reach the 
plating, in which case local corrosion at on~ commen­
c"lI , 1'he gradually t hickening film of oxide forced up 
the cement, and the pit gradually increased in area 
and d<>pth until perforation was accomplished, unless 
the IlULtteL' was discorered by examination and at­
tended te.. 

Thi internal pitting was usually local, and of 
small area, from 'say 1 sq. inch to 10 sq. inches, but 
when discovered, it was generally well to remove more 
cement, here and there, fol'" examination of plating. 

In pas~nger steamer it was now considered a 
mistake to line with wood any more of the ship than 
was absolutely necessary for ' the decorative plan; and 
in way of ports, the lining was made protable so that 
any rust or ~asting due to l~akage might be attended 
to. The old practice of fitting mouldings and carv­
ings of wood on stem and stern was being discontinued. 
This wa always pro'ducti\-e of rusting and corrosion, 
the plate being generally earen through before the mat­
ter was noticed. The protection of the outside of hulls 
by means of anti-corrosive and anti-fouling: paints was 
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the subject of endless patents, but the best first coat­
ing within the knowledge of the wriiJer was oxide of 
Zinc. Red or white lead was not a good first coating 
for the outside of a ship. When the oil in which the~ 
pigments was gr ound had been perished by sea water, 
chlorides of lead -wa't! formlt!d, which were rapidly acted 
on by the iron, forming chlorides of iron, with deposi­
tion of metallic lead, which in turn carried on the cor­
r osion of the iron by galvanic actioi. 

The most approved anti-corrosives for ships bot­
tom now con isted principally of Oxide of Zinc, and 
finely divided zinc, the peroxide of iron being used as 
coloring matter, the whole mixed with certain var­
nishes and spir.it driers. Variout! shades of red ap­
pt: ared to be the favorite color for this class of pro­
t"ctive paint, on account of its more or less effectually 
!Ii!ling any rusting that might be going on. TheS'C 
protectives were, generally, effective and in most cases 
'eliable, and ~ seldom heard of much external corro­
Ilion in vessels the bottoms of which were not subject 
to abrasion through being engaged in deep water 
tradlt!s. 

The class of anti-fouling compos poisoned with 
l'alts of copper effective enough in their particular 
fUJJdion, had fallen into complete disfavor for use on 
irflIl or steel &hips, on account of their destructive 
aeti0n on the metal, should the protective covering be­
{' I)m~ abraded. In actual practice, the plates along 
th·.! water line of a steamer were probably 't!ubject to 
more than twice as much wasting, as well under or 
r..uove that locality. The constant abrasion and de­
struction to which the protectives were subjected by 
::,sb~s, clinker, a nd other wast~ constantly being 
tbl fwn over-board. 

"'hallow draft vessels that were frequently a­
ground on bars, or shallows, were usna}]y scoured 
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0}(-a1l on the bottoms, and suffered more or less acutely 
from pitlllig. There was no remedy known in this 
c[Jse, to the writer, excepting frequtent docking and 
renewals of defective plating. Sheathing and shoe­
ing was also frequtently fitted on the parts most subject 
to this scouring action, which when worn through 
might be again renewed. 

With respect to the wear and tear of boilers and 
machinery, which, in theSte days of evaporators, anti­
friction metals, compound oils, etc., should be very 
moderate even with hard and constant duty, we found 
that a great deal deptended on the personal factor, 
which was generally a somewhat uncertain quantity. 
,With careful brainy attendants who were vigilant and 
interested in thteir duties, cleanly, orderly in their 
habits, the life of machinery was indefinitely prolong­
ed; . where with careless treatmtent, the owners were 
called upon to pay enormous bills for so-called "wear 
and t ear". 

It was the writer's expterience, that the greatest 
proportion of t ear and wear was due to inferior system, 
or want of system, of lubrication, which was frequently 
neglected teven by good builders. Small fl.iIIl8Y oil 
cups that invariably. became loose and leaky were sup­
plied, do duty on trial trips and for a few weeks longer, 
wtere frequently then discarded by the engineer in 
favor of an oil hole_ The engineer who studied the 
subject of intelligent lubrication studied his own com­
fort as well as the interest of the shipowner, it waa 
well to know that the purely mineral oils seldom alone 
gave satisfaction on fast running brass bearings; but 
with the admixture of a very small proportion of olivte 
or cotton-seed oil with an occasional drop of fresh 
soft water, an emulsion was formed that answered 
every purpose, and ktept wear at a minimum. 
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Deck machinery, such as steam winches, windlass, 
steam steering gear, etc., was seldom treated too wen 
in r espect of lubrication, owing to the fact t hat the at· 
t endants wer e seldom skilled in anything more than 
working t he handles, they a llowed oil holes t o become 
fi lled with coal or gr ain dust; and although the machine 
gcnerally was greasy enough for any puruose the bear· 
ings were stinted. I t was not unusual on a hard 
worked coasting steamcr to have £15. per annum spent 
on each winch, which was about four times as much 
as should be the case were t hey t r eated decently. 

The corrosion of boiler s was still a problem which 
was not altogether solved, a lthough of r ecent years 
the causes and remedies were better understood., 
' Vasting in its earlier stages was seldom sufficiently 
guarded against, and for a year or two with new 
boilers we seldom used sufficient precaution unt il one 
day on examinat ion some local pitting was discovered. 
W ith regular fresh distilled water feed there was 
seldom any trouble with corrosive agencies, provide'.! 
the water was kept alkaline in order to neutraliz~ 

any acidity that may be present. In marine practice, 
however, it was hardly possible to keep the feed 
universally fresh, chiefly due to slight weeps or leaks 
from the condensor ; and although t he quantity of salt 
water supplied might be sm,all, or look sma ll when the 
leak was discovered, yet acting over several days or 
wee} s a good deal of harm was done. At the high 
i>emperatures now in use the sulphate of lime scale 
was deposited almost at once, and with feed water in 
which aIt could not be tas ted a very considerable 
t ltickness of crust might be formed in a few weeks. 
It was generally prudent to test the feed water with 
nitrate 'Of silver. A few drops of the solution of ni­
trate of silver let fall into a small quaIit it1 of the water 
to be tested, and the mixture exposed to the action of 



WEAR 'A..'Il'D 1'EAR OF STEAMERS. 113 

light, would indicate the merest trace of salt present, 
by turning the water cloudy or dark, as th~ case may 
be. 

The scale from 'salt water gathered t hickest at 
the necks of combustion chamber stays or other sur­
faces which ~re subject to greatest heat. There was 
often a good deal of difficulty in removing the scale as 
the positions were often somewhat inaccessible; and 
although the planre 'surfaces in the vicinity might be 
well cleaned dnring over-haul, the scale still remained 
at the junction of the plate and stay, forming a cravat 
of uncertain thicknress. 

These part s protected from contact with the water , 
naturally attained higher temperatures than would be 
the casre if the ' iron were perfectly clean, and the con­
sequence of this was that the moisture under t he scale 
was decomposed, forming black magnetic oxide with 
the li~ration of Hydrogen. This oxide being electro 
negative to the boiler formed a galvanic couple with 
the iron if any salt be present in the water and r apid 
corrosion ensured until latterly the stay was found to 
be leaky. With regard t o stays in un-get-at-able 
corners of a boiler the first int imation we had of this 
class of corrosion was uauaHy leakage, and when re­
pairs were being efflected, it was found t hat t he stay 
was thin at t he neck and the pla tes worn to a knife 
edge. In this caSe it was usual to fit a larger stay, 
or fit on a small circular patch into which the stay 
was screwed. 

Since the introduction of thre petroleum products 
for Cylinder lubrication, it was seldom that much pit­
ting occured a long the water-line of a boiler, but its 
action was equally or more detrimental in another 
direction where it found its way in any quantity into 
the boiler and adhered to the heating surfaces. ltd 
fiashpoint was so high, and its integrity as oil 80 perfect, 
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its temporary function as a non-conductor so effective 
tha t the plates become overheared and bulged IlliOre 
of less_ The introduction of fil ter s did not altogether 
prevent an occasional recurrence of these accidents 
though of r eClent day8 the number was minimized. 

The makers of engines had conservative notions 
about slide valves t hat were incomprehensible to us 
who us~d them ; probably the cost of production was 
less in the ca8e of the slide valve, and he will not aIrel' 
his pattern unless paid extra; possibly the matter was 
overlooked, or th~ shipowner was not well advised:­
in any case the only radical cure known to the writ~r 
for the oil-in-boilers nuisance was not to use any 
through the cylinders, but to '80 construct the parts 
that th~ saturated steam would be sufficient lubricant. 
Slide valves very seldom gave satisfaction when work­
ing at pressures over 90 lb. unless they were properly 
balanced. The ba lance gear in most marine engines 
slide valves was unreliable, the wear and t ear wa's 
great, and the best way out of the difficulty was to 
fi t piston valves. 

The failure of shafting contribured largely to thc 
list of break-downs; and it depended on circumstances 
and the ingenuity of t hose in charge as to whether or 
not the break-down was total. The breakage of s1:lern 
shafting wa'8 usually the most hopeless type of acci­
dent, although in three instance it had been overcome 
patiently and ha rdily. In on~ instance by tilting the 
ship (filling fore-hole with water) and fitting spare 
shaft and propeller; in the other two by cutting away 
the stern pipe and fitting a coupling. The cause of 
breakage were various, among which might be noted 
inherent flaws, want of rigidity in the ship, grooving 
or wasting of stern lengths, racing in heavy weather, 
in which the t ransformation from full load to no load 
occupied only a few seconds, 'shafting being out of 
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line. Thre last was proba bly the most frequent cause 
of breakage, as the constant flexure, though within 
the elastic limits, gradually developed cracks whioh 
ultiIIli3.tely caused failure. 

Thre function of the Board of Trade with respect 
t o Steam · ships was in general to provide a compre­
h,ensive !specification and standard fact ors of safety 
for all propelling machinery and boilers, and by means 
of t heir insprectors to see that the proper standa rds 
of workmanship and matel'ials were adhered to dur­
ing construction, and that wear and tear was suf­
ficiently provided against after wards. 

The periodic inspection to which passrenger ves­
sels were subjected in New South Wales, ensured to 
t he tra vellrer a reasonably wide margin of safety ; but 
the act was incomplete inasmuch as it did not providJe 
for the ~urvey of all vessels within the colony. 

The plajority of owners maintained good working 
-efficiency in their ships, but these days of competition 
there wa& little margin for luxury excepting in ve&­
sels of the highest class. 

It wal!\ necessary, in effecting repairs to old or 
mature vesllels, to be consistent. It was sometimes 
difficult to ~ee just where t o begin or end extensive 
work, which when finished, only brought t he rest of 
t he ship into unfavorablre contrast . It appeared to 
the Aut hor t hat the ideal way was to so regulate 
repairs that the margin of safety might be approached 
from var ious direct ions. And here thre Government 
surveyor came in and gave the matter his veto, if he 
believed the margin of 'sarety to be less than we as­
sumed it to be. 




