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Perfromance of Ductile-Iron Pipe in Soils

Melvin Romanoff

A paper presented on Jun, 8, 1967, at the Anmeal Conference, Ailantic
City, N.J., by Mclzin Romanoff, Research Chenist, Nutional Burcan
of Standards, Institute for AMlaterials Rescarch, Washington, 1.C.

HE field investigations on under-

ground corrosion, conducted for
many years by the National Nurcau of
Standards, have contributed sipgnifi-
antly to our present understanding
of the behavior of metals in soils.
During the 30 years preceding 1932
data were obtained on 37,000 speci-
mens, representing many varicties of
metals, alloys, and protective coatings,
some of which had Leen exposed up to
17 years at the 128 test locations
throughout the Unitedd States.  These
data, reported in part in many differ-
ent publications, were all assembled in

National Bureau of Standards Circu-.

lar 579,

In 1958, new specimens were buried
at six test sites to abtain additional in-
formation on metals and alloys not com-
pletely investigated in the carlier tests.
Inclided were specimens of ductile
astiron pipe. Carhon steel pipe was
sed as a reference material (o corre-
lite the corrosiveness of the soils at
the six test sites with that of the sails
at the 128 locations at which corrosion
mvestigations were previously con-
ducted.?

A progress report was made on the
performance of ductile iron after ex-
posure of 4 years® The data pre-
sented in this progress report indicated
that ductile cast iron corrades at nearly
the same rate, with respect to weight

loss and pitting, as gray cast iron in
the same soil environment, and that
the graphite corrusion products of
ductile-iron specimens have the sawe
general characteristics and  adhesive
propertics as those of gray cast iron,
{t was concluded, thercfore, that in the
same soil ductile iren and gray iron
not only corrode at about the sumne
rate, but that the pattern of carrosion
and the nature of the corrosion prad-
ucts are also similar.

In this article data are presented
giving another point on the corrosion-
time curves, after cxposure for 8§
yeirs, in soils at five of the six test
sites where specimens of ductile iran
were exposed.  There are additional
specimens, still exposed, awaiting later
removal,

Before discussing the results ob-
tained on the specimens of ductile iron
in the field tests, it is advicable ta re-
view briefly the dita on the perform-
ance of gray iron in the carlier tests.

Present at the 128 NBS test loca-
tions are 95 different types of snils,
The chemical and physical propertics
of these soils cover a wide range.  Iox-
treme acidity (pIl 2.6). as well as
high alkalinity (pIl 102y, is reore-
sented.  Llectrical resistivity ranges
from 51 ohm-cm, approximately that
of sea water, to 54,000 ohm-cm, indi-
cating the absence of soluble salts. In
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646 MELVIN ROMANOFF

one soil the soluble material is almost
entirely in the form of sulfates, while
in other soils it is in the form of chlo-
rides or carbonates. Wide differences
in acration are exhibited. Some of the
environments are  highly oxidizing,
Others are definitely reducing.

Gray-lIron Data

The gray cast-iron materials, buried
at 47 test sites in 1922, consisted of
several varictics of pipe specitiens
manufactured by both the centrifugal
and pit cast processes.  Data obtained
cn these materials after exposure for
12 years in the more corrosive soils
and 17 years in the less corrosive soils
show that in the same soii environ-
ment there is no appreciable difTerence
with respect to both weight loss and
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pitting in the corrosion of the cast-irge.
manufaciured by the ditferent iethed.
The data also show that the correng.
of gray iron is determined essentia?
by soil conditiuns, not iy the comgs -
sition of the muterial, and, fortified 1,
supplementary data obitained .t 45
ditional sites in subsequent veirs, i
show that soils difTer radically in thes
corrosive action on cast iron and ohe
commonly used ferrous metals, |
onc soil the corrosiom rate, as indica.
by weight loss and maximun depth .
pits, may be canstant.  In another, =
may deerease with time,  This s il
trated in Fig. I, which shows
changes in weight losses and niaxinm
pit depths relative to exposure ting
for gray iron in four different soils,
In general, the rate of weight Yo
or depth of pitting in well dradned il
with high clectrical resistivities, s
as Hagerstown loam and Susquehan-
clay, is high initially, but becimnes i
signiticant after a few vears.  fu wik
of this type, an inerease in wall dhick
ness will substantially increise the <
vice life of a pipe. On the other har!
in poorly drained soils with o
sistivities, such as Acadia clay
Lake Charles clay, the rate of oo
sion is nearly linear after 1 or 2 vears
In these soils heavier-wall pipe m
not be justified cconomicatly, becs
it is more practical to apply protective
coatings, cathodic protection, or bott

Cast-Iron Corrosion

Corrosion of cast iron is character
ized by conversion of the metal into -
adherent layer consisting chiefly of i
oxides and graphite, which incre
in thichness s corrosion progree
Corrosion hy this pricess s f.‘l!!tv
graphitization, ar graphitic corpsier
and is caused in part by clectrochent
cal action between the ferritic ane
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graphitic constituents of cast iron and
alsn, perhaps, by diffesences in poten-
tial praduced by contact of the metal
vith the soil.  An example of this
would be differential acration.

The granhitized laver olten ean be
dected by dis duil bl appearance
and by the lick of 1 metadlic ring when
the metal is struck by annther metallic
abject.  Nonetheless, hecause the orig-
inal shape of the metal is retained, vis-
ul shservation prior (o thorough clean-
g and removal of the graphitized
arrosion products gives no indication
of the extent of corrosion.

For the purpose of corrosion studies,
graphitization is comsidered ta be cor-
msion, although it is generally reeog-
nized that the strength of the graphi-
tized corrasion praducts is often suffi-
dient to permit a severely corroded pipe
ta provide many years of service if law
o moderate pressures are maintained,
and the pipe is nat subjected to s
chanical disturbances in the surround-
ing soil.

To evaluate the residual strength of
graphitized cast iron, specimens of 2-in.
OD pipe with a wall thickness of }in,
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that had been removed from five cor-
rosive soils after exposures of up to 11
vears, were subjected 10 hydraulic
pressure tests.! '

After the application of hvdraulic
pressures, the corrosion praducts were
removed, and the specimiens were ex-
amined for weight Joss and  pilting,
The data show that waest of the speci-
mens withstood 2 maximum: pressure
af 500 psi, although removal of the cor-
rosion  products  revealed  nmnerous
perforations of various diameters.

Gray cast iron is a heteragencous
allay, chiefly beeause the carbon that
it contains is predaminantly  present
as graphite flakez.  The graphite
flakes tend to disrupt the continuity of
the metal, causing britdeness and fow
strength,

Ductiile Iron

v contrast ductile iron s manu-
fuctured hy a1 pracess that converts the
graphite Ml ta medules mare o less
uniformly distrilmted  throughout the
wetal natrix. This ductile cast iran,
alse known as uadular or spheroidal
cast iron, is considerably tougher and
more ductile than gray iron,

In 1958, specimens of 2-in. ductile-
iran pipe, 12 0 loug with a wall thick-
ness of 1 in., were buried in six dif-
ferent soil  environments,  Twenty
specimens were haried approximately
3-4 ft helow the ground line at cach
test site to allow for removal of one
set consisting of four specimens after
1, 2, 4, and 8 vears, with one set to
he removed still later, depending upon
the results of the prior removals.

The progress report mentioned above
gives data for specimens exposed 1,
2, and 4 years in the six sails 3 The
present article 7 dds S-vear data in five
of the sails. The sixth site, coastal
sand (site E), was washed out by a
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648 MELVIN ROMANOFP

tidal flood prior to the scheduled re-
moval of the 4-year specimens.  There-
fore, only 1- and 2-year data are
presently available for the specimens
from this site. Addiional specimens
were exposed in a nearhy site of simi-
lar soil characteristics from which data
will be available in the future.

Test Sites

The physical and chemical proper-
ties of the soils are given in Talle 1.
Descriptions of the suils at the six
test sites follow:

1. Site A. Sagemoor sandy loam
is a well-drained alkaline soil with a
resistivity of 400 ¢hm-cm and a pH of
88. It is typical of soils found in vast
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iown lowin (Sric B at Loch Ruzen, 3

arcas of eastern Washington and Ore
gon. The site is located on th
Yakima Indian Rescrvation near Tey-
penish, \Wash. The svil is consiste
in composition to a depth of at least”
ft and supports an abundant growth ¢
sage brush.

2. Site B. Magerstown loam is :
well drained soil representative of
well-developed soils found in the et
tern United States.  The site is
cated at the Toch Raven Reserveir
the Baltimore water department. T
soil consists of a hrown loam ahout |
ft deep, underkiin hy a reddistleay
clay extending dawn 5 {t or worel
a rock base.  The soil has a resista
of 3,200 ohm-cn and a pll of &
Almost all the materials investigaic
since 1922 in NS soil corrusion test
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Jone 1968 PIPE PERFORMANCE 649

have been exposed at this site. There-
fore, it can serve usefully as a refer-
ence site for correlating data obtained
during the present program with thit
o earlier tests.

3. Site C. Clay soil is located in a
large clay pit on level land at Cape
May, N.J.  The sail consists of plastic
grav clay to a depth of 6 in. This is
uwderlain by gray clay mixed with
patches of brown clay to a depth of
12 in. Underneath this is a poorly
drained, very heavy plastic clay in
which the specimens are exposed. The
soil has a resistivity of 300 ohin-om

“and 2 pIl of 4.0.

4. Site D. Lakewood sand is a
white, loose sand with hlack streaks
in some places.  The site is lncited in a
well drained, rolling arca at \Wildw oo,
N1 which is not subject to overflow
from the ocean except under unusual
fload conditions, The sand, which sup-
ports the growth of beach grasses
abundantly, has a pll of 7.3 and a
resistivity of 30,000 ohm-om,

5. Site E. Constal sand is a typical
white beach sand with a high content
of black sand streaks. It is shwilar
tn the Lakewood sand, except that at
this site, an the Two-Mile Beach at
Wildwood, N.J., the sand is saturated

TABLE 1
Properties of Sails at Test Sites
Site St { Location loternat Dtainage | Rostatovuy® I plt
A | Sagemoor sandy loam | Toppenish, Wush, ! Good 400 ' 8RR
B[ Huperciown boam Lach Raven, Md. i Gooud 3,200 5.8
C |Clay Cape May, N ). F'oor Rt 10
D | Lakewood sand Witdwood, N. J. Good An, 000 7.3
E | Coastal sand Wildwoad, N. J. Poar 58 7.1
G | Tidal marsh fatuxeat, Md. l aor o 74
Composition of water extract—ppm

TSt [ ca Mg | Fa¥R| cor | meor | sl |« N

A | 2080 | 108 23 | 1960 | o0 | so0 M6 | 30 6
B —_ — . — — — — —_ —
C | 1,640 540 754 2,242 0.0 00 | 6,768 | 3,529 1
D — — —_ — .- - —_ . _
Ejnane| z02 | 39 | 320 oo 88| i !os76s a
G | nsso| 140 165 | 2302 | oo 00 | 19 | 3,259 37

[}
Mg equivalents/ 1ty of soil

-a - 0.54 0.19 8.50 0.0 8.20 0.45 0.93 0.0t
'c o= 2,74 6.18 9.5¢ [{R3) [{1R1] 140 AT [l

H — - — e - —_ . H -

t

E | o-- 150 | 230 | 139 0.0 ) L T B BRI
6l — 0.7 135 | w2 0n 0. 156 \ 918 " s

¢ Reslstivity determinations made at the test alte with Slwpard Cancey,

f Total dissotved solids, residue dried at 105°C,
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continvously with salt water, It has
a pH of 7.1 and a resistivity of $53
ohm-cm.

6. Site G. Tidal marsh is typical
of the poorly drained soils found along
the Atlantic and Gulf coasts.  The site
is located along a creck that cmpties
into the Chesapenke Pay at Pataxent,
Md. The soil is charged with hy-
drogen sulfide and has a resistivity of
300 ohm-cm and a pll of 7.1,

Gray Iron Not Exposed

Because gray iron was not exposed
in these tests, no dircet comparison
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could be made between it and ductil
iron. Comparisons hetween specimens
of ductile-iron and  carbon-steel pipe
(19 in. OD, 12 in. long, 0.145 i
wall thickness), which were expased &
the same sites, were made to evalur's
the behavior of the ductile-iron speci-
mens. A statistical comparison ¢
carlier data abtained for specimens e
gray iron and stecl, after expusure fes
14 years in the fifteen sails, showe!
that no significant differences hetweer
the weight losses of the two material:
could be detected.? Tt is reasomble v
assume, therefore, that the sanic st
ation exists when gray cast iron and
ductile cast iron are comparcd. Wit
respect (0 maxinm penetration,
ten soils, na significt ditferences ke
tween the two materials conld he '}f'
tected. In five soils pit depth was s
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nificantly greater for the specinens of
gray cast-iron.

It is also worth noting that data
Jtained for the many corrosive soils
10 which buth gray cast iron and steel
were exposerd in the earlier tests * show
that, despite the grenter waldl thick-
ness of cast-iron pipe. the first perfora-
tions on both matcerials, cansed by cor-
rosion, generally were detected aiter
the same exposure period.

The curves for weight loss and
aaximum pit depth plotted against ex-
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posure time for specimens of gray-
iron and steel pipe exposed in the
carlier tests ta the moderately corrasive
Hagerstown haun (site B) are shown
in Fig. 2. The curves shaw that with
respect to weight loss both materials
corridled at abowt the same rate, and
that the rate of pitting on the cast it
was greater than that of stecl.

The weight losses and maximum pit
depths plotted  against the exposure
time for the specinmens of ductile-irons
and carhion-steel pipe in five soils are

TABLE 2
Average® Loss in Weight and Masimum Pit Depth of Carbon Steel and

Ductile Cast Tron tn Different Soils

= : =
Sail Curban Sl ] Ductite Iron
—_ ¥ixp | S _
Weat. Tine-— - \ . N
Weight | Max. &) Wetght 4 Mg,
! Type Lacution years ,-.-E\l I)v-|lv|h I! l ‘l_.‘.‘:!l n..:.'n,'l_'.
i ws, 3q 1l wmils l w gt . il
i |
A | Sagemoor sandy | Toppenish, 1.0 0.9 o | 03 ‘ a5
toam Wiash, 2.0 28 [ . 66
10 A | 8S 60
80 R 102
B lagerstown loiem | Loch Raven, 1.0 0.9 I8 | 1.3 19
Md. 29 1.5 ool 20 6
4 1 52011 81
8.1 14 o0 | 40 97
C [Clay Cape May, 1.0 1.0 12 24 6t
N.J. 2.0 33 12 4.7 108
s.0 1.6 0 AR 114%
8.0 427 121¢ 13,48 231t
D | Lakewoud sand Witdwood, 14 14 19 07 5
N.J. 2.0 1.8 13 14 44
1.0 26 sS4 2.1 43
8.0 4.0 48 23 2
E | Coastat sand Wildweoed, 1.0 (1%} 13 1.8 a8
N L 20 0.6 8 3.8 49
G | Tidal marsh *atuxent, \ld. 09 11 12 27 (3]
Ml 1.8 2 14 34 6
Ay REPRY 1804 ma 1434
7.4 100 128 : 17.6 1904

® Avetage of Gour wpwevinwss. .
or moute specirmens perforated by curroston.

Pipe wall thickness: carbon sieel, 145 mils; ductile fron, 250 mils.
Average of three specimens, Oue specimien nut recovered.
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shown in Fig, 3-7. LEach puint repre-
sents an average of the weight losses
and maximum pit depths of four speci-
mens,  The weight loss and pit depth
data from which the curves were
plotted are given in Table 2.

The condition of the specimens of
ductile cast-iron pipe and carbon-steel
pipe after exposure for 8 years at the
test sites are shown in IYig, & and 9.

The curves for both weight loss and

pit depth of the ductile iron and carbon
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Motied as a function of time for ductile

casi-iron (solid lines) and carbou-steel

(dashed lines) pipe buried in the tidal
warsh at Patuxent, Md.,
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steel in the Hagerstown lnam soil x
shown in Fig. 3 reveal a similar rela.
tion to that chserved between tie ara
iron and steed speciniens in the carlier
tests as shown in Figo 20 This ind;.
cates that with respect to weight lng
and pitting, ductile iron corrades i
this soil at about the same rate as gray

1oy,

Comparison of the corrosion data «f
ductile iron and steel after exprsure
for 8 years (Fig. 3-7) shows that the
weight loss of the two materials wa
about the sime in theee of the swily:
Hagerstown  loam, clay, and tidy
marsh.  In the other two soils, Sage
moor sindy loam and Lakewnod sand,
the carbon steel corraded at a higher
rate.

With respect to pitting, the dan
show that the ductile iron and carben
steel corroded at ahbout the same rate
i1 the moderately corrosive Lakewacd
sand and in the highly corrosive da
and tidal warsh soils. Tn the hiwr
two soils, specimens of both materials
were perforated by corrosion within the
8-year exposure period.  In the
Hagerstown loam and Sagemoor sandy
loam the maximum pit depths for the
ductile iron were significantly greater
than for the carhon steel.

Summary

In summary, the corrosion-time
curves for specimens in these five soils
show that with respect to weight loss,
the ductile-iron specitnens show the
sae general rtates of corrasion for
the 8-ycar exposure period in three of
the soils as do the steel specimens. I
the other twa sails, ductile iron shows
lower weight Insses,

The pit-depth-time  curves
that i three soils the rate of corrasion
of ductile ton s about the same as
that of steel, and in the other two soils.

<how
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the ductile iron corrodes at a greater
wate,

The differences in - weight loss or
pitting shown by the specimens of
ductile iron wd carban steel may be
Jowsn to be significmt in semie of
the soils by statistical analyses.  Jiut
fur practical purposes, as far as the
corrosion  engineer is concerned, the
differences arc of such small magnitude
that the two materials can be con-
sidered, in general, to Dbehave essen-
tially alike in the same environments.
Hence, it can be concluded, after 8
vars of exposure in the five soils
where the specimens have been ex-

] ]

m
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posed, that ductile iron and carbon
steel corrode at nearly the siune rate.
Diecause one of the major conch-
sious deawn an the basis of the long-
range studies from the caclier NDS
corrosion studies ' was that 1he
monly-used ferroms metals, inchuding
gray cast iron akl carbon steed, cor-
rode at nearly the wune rate in the
same soil environment, it also can be
concluded that gray iron and ductile
iron corrode at nearly the same rate in
the same soil environment. It is alsa
obvious from the data in Talile 2 and
Fig. 3-7, that the materials corrode at
different rates in different soils.

conn-
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Fig. 8. Bpecimens of Ductile Oast-Iron Pipe Exposed 8 Years at Five Test Bites

The top rorv shows pipe cxposcd in Sagemoor sandy loam (Site 1), lhurr.tlo'un loamn
(Site B), and clay (Site C). The bottom row shows pipe cxpesed in Lakewood
sand (Site D) and Tidal marsh (Site G).
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This is the same conclusion made in  cluded that ductile cast iron and g
. the d-year progress report.® st iren corrade W nearly the s
It has been noted with resprect to the e i the sone soil, and g e
8-year specimiens, as was reported i psiterne of corrosion and tie patore o
the 4-year report, that the graphitic the corrosion products are also simil
corrosion products of ductile iron had B the same sl covironments.
the same general characteristics and

adhesive propertics as were observed Acknowledgments
on specimens of gray iron in previous The assistince of  Venjamin T
exposures. Sandersony in various caguicities during

Therefore, after 8 years of exposure  the  investigation s acknowledyed,
to five different soils, it can be con-  Acknowledgment is made also to Dr.
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Tig. 9. Specimens of Carbon Bteel Pipe Exposcd 8 Years at Five Test Sites

The top row shows pipe exposcd in Sagemoor sandy lowm (Site A), Hhwavesion
loam (Site B), and clay (Site C). The bottom row showes pipe exposed G [ aboomd
sand (Site 1)) and Tidal wiarsh (Site G,
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Frank L. LaQue, International Nickel Cape May, N.J.; Fatuxent Naval Air
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