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Failures of Steel Pipe-lines.—A number of very
costly failures, due to corrosion, are on record in regard
to mijld steel pipe-lines. The use of this material for
Water conduits was adopted some 25 years ago, and, so
ar as durability is concerned, may almost be said to be
Stll in the experimental stage. But, apart from the
Probability of early deterioration, mild steel mains have
Many advantages from a structural engineering point of
View, such as greatly reduced weight, as compared with
€ast iron, for g given carrying capacity, greater reliability
u,nflel‘ heavy pressures, and generally increased adapta-
ity to meet the conditions of route of any particular
Plpe-ling,
lin 3 8-in, Main, Rochester, New York.—The steel pipe-

€ In connection with the Rochester water undertaking,
a:lw York, alrca.dy referred to above, is 38-in. in di-
roete!‘ and 26 miles long, and, within 6 years of being

Ught into use in the year 1894, rust-hole leakage, due
9 ex‘ternal corrosion, took place.
attl.“;""lSes ?‘f Failure:—The cause of t}.lis failure was
maiy L]‘tf}d to electr91y51s,” and. occurred in parts of the
retarq ald. In wet soils. Corrosion is founf:l to be muc!)
Watere‘d in dry, sandy or well-drained soils.  Subsoil
A lln contact with steel in such cases is fo.und to pro-
ang te eCtI’OmOthC: force frqm electrq-chemlcal actl‘on,
e e el?ctrolytlc damage is proportional to the time

'8 which the current acts.

serj The three leading conditions which brought about
soﬂ:us Corrosion in the Rochester main were: The wet
tect; thl'Ollgh which the main was laid, ineffective pro-
tio ve Coatings, and want of uniformity in the composi-
N of the steel.

e Ven in the best and most uniform qualities of steel
ti eXIS_t contiguous areas of different electrical poten-
Soly, ia“d if the steel tubes lie in contact with an ionized
ysis °n, like soil water, corrosion will occur by electro-
» A4S In this case.

SerioF:llure of 30-in. Main in Al.lstralia.—Another case of

Ction Corrosion occurred during recent years in con-
by 5 With a large and costly steel main 350 miles léng
ObS‘erven' diameter, in Austraha—the,c?rrosmn being ﬁx:st
rep()rh ! about 3 years after completion. The official
i _ !0 such cases form an instructive study to those

Inte
re
€d in such matters.

Mig lg'il:ﬁ"e Durability of Cast Iron, Wrought Iron, and
iron, ans r>The relatl.ve durability of cast .iron, wrought
meTCia] : mild steel is a matter of cons_lderal?le com-
Ppeg,. importan.ce.‘ In the case of cast iron, it would
t Up’ n SOome instances, that no practical limit can be
tiong " o0 this material when used under suitable condi-
the € cast iron flanged pipes supplying water to
230 STeat fountains at Versailies were laid in 1685, or
is al oars ago, and are stated to be still in use. Evidence
Over AVailable of cast iron bridges having been in use
frop, cce“t“_l‘ Y and a quarter without visible deterioration
have SO”'OSlOn. Some wrought iron bridges are said to
Steg] OWn over 60 years’ service, but as regards mild
Stryeg :‘dgqs the life is usually much less, some such
Yeargs S having become unsafe from corrosion after 25
brig S€. In the author’s experience, when mild steel
IS pen. Afrive at about this age, much annual attention

Ssary to cope with deterioration due to corrosion.

the dle""“eﬂce of Electrolytic Activity, Strain, etc.—In
'f"muc“y of metals by corrosion, electrolytic activity is
‘ing its ’,m_Jre serious factor than was formerly thought,
Cult to AClion is of 4 subtle and elusive nature and diffi-

Stop, Many intricate complications arise, e.g.,
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iron subjected to strain or uneven treatment, generally
speaking, corrodes more rapidly than that treated uni-
formly. A difference of electrical potential exists be-
tween strained and unstrained pieces of similar metal,
also between tempered and untempered portions. Gal-
vanic activity can therefore be induced by immersing
metals under these conditions in electrolytic solutions,
and corrosion of the anodic metal results.

In some experiments strained portions of metal were
found to be cathodic to the unstrained, and the latter
specimen was therefore attacked the more vigorously.

No Rules Generally Applicable.—No general rules
appear to be universally applicable, but the important
point for engineers to bear in mind is that a difference
of electrical potential does exist, and that strain of
any kind will induce such change of potential, resulting,
when immersed in an electrolytic solution, in corrosion
due to galvanic activity. Beforehand, it is difficult to
say whether the strained or the unstrained portion will
act as the cathode, and so be preserved at the expense
of the other, as the difference of potential is small and
dependent on the actual local conditions of the case
in point. :

Differences of Potential.—Differences of potential
between two metals placed in the same electrolyte under
different conditions do not always remain constant. The
potential difference may change in degree, and in some
cases even the polarity may undergo reversal. The metal
which is at the higher potential corrodes and constitutes
the ‘“‘anode,”” whilst the cathodic metal will remain
unaffected. ,

Reversals of Polarity.—In cases where reversals of
polarity occur, owing to the initial difference in potential
being slight, both metals will corrode proportional to the
time each has served as the anode. \

Potential Difference.—Potential difference depends
upon the chemical nature of the electrolyte, on its degree
of concentration, temperature, rate of motion and other
factors.

Means of Retarding Corrosion.—Corrosion due to
galvanic activity can be retarded by securing greater uni-
formity of composition in the metal, a minimum of segre-
gation as occurring in steel, uniformity of physical con-
dition in the metal, and protection from moisture, which
will act as an electrolyte.

Theories of Corrosion.—Although the foregoing ob-
servations on the corrosion of metals are intended to bear
primarily upon the practical side of the question, a brief
reference to the principal theories of corrosion which have
been suggested to explain the cause of this great waste
and decay which takes place may be of interest in the
present connection.

Many theories have been proposed, but two only
merit serious consideration, viz.: the acid and the elec-
trolytic theories respectively.

Acid Theory.—According to the acid theory, oxygen,
pure water and iron may remain in contact indefinitely
without producing rust, the presence of a trace, at least,
of some acid being essential to the oxidation of the metal.
Carbonic acid, being naturally prevalent in air and water,
is generally understood to be the primary cause of attack
in ordinary cases of rusting.

Electrolytic Theory.—The electrolytic theory, on the
contrary, depends upon the solubility of iron in pure
water, and maintains that the presence of even traces of
an acid is not necessary to its oxidation, but that water
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