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b. Cast Materials 

The original field tests included sand cast-iron 
pipe, (materials Land Z, 1922, table 11) de Lavaud 
centrifugal cast pipe, (material C, 1922) and high
silicon cast-iron pipe (material D, 1922). Subse
quent exposures included some alloy cast. irons, 
which had become available. Improvement in the 
structure of cast iron brought about by alloy addi
tions or by modifications in the manufacturing 
process apparently has t.he effect of reducing graph
itic corrosion, which results from electrolytic action 
between ferrite and graphite, the former const.ituting 
the anode and the latter the cathode of galvanic 
cells within the corroding iron. Graphitization may 
decrease or accelerate the normal rate of corrosion 
depending upon the tendency of corrosion products 
to deposit within the pores of the castings as 
determined by the nature of the environment [145]. 

Although a large variety of special cast irons are 
now available, relatively few were available for 
inclusion in the field tests. Cast irons of composi
tions other than those given in table 11 are now in 
use for types of service that suggest that these irons 
might be successfully employed for underground 
service. For example, Dieffenbach [146] reported 
that a copper-molybdenum cast. iron showed no 
noticeable corrosion in more than 2 years of service 
as lock gate valves under conditions where protec
tive coatings could not be used. Cast irons con
taining small percentages of nickel, chromium, and 
molybdenum also are understood to be llsed for 
similar purposes. 

c. Miscellaneous Ferrous Materials 

Mi'icellaneous ferrous materials buried at the test 
sites include nuts, bolts, elbows, nipples, and similar 
fittings listed in table 12. 

TABLE 12. Afiscellaneous ferrous specimens incillded m the 
NBS tests 

, 
i :\'umber 

Symhol !\'laterial Year ~ of 
buried! specimens i buried 

A 
II 

C 
D 

CD 

CE 
E 

E 

I 
V 
S 

---j-----
.Malleable-iron nuts and bolts. decarhurized_ 
~1alleable-iron nuts and bolts. not decar-

I 
~1~N~~bl~~i~~~ -~\~ts-~~d -b;li~,- hig-h-~tr~~gth-
Steel nuts and bolts _______________ " ___ _ 
Charcoal cast-iron nuta and bolts ______ _ 

Steel nuts and bolts ___________________ ~_ 
Sheradized nuts and bolts _ _ _____ ~ _____ _ 
Lead-coated nuts and bolts ________ ~ ____ ~_ 
Black wrought iron nuta a.nd bolts ____ . __ ~ 
2-in. cast steel elbows _________________ _ 

4~in. machined CRst iron nipple _ _ _ _ _ _ _ _ __ 
2-in. semisteel nipples _____ _ 
2-in. malleable-iron bends ___ " _________ _ 
I ~-in. ('ollpling attached to threaded pipe __ 

1932 

19:32 
1932 
1932 
1939 

1939 
1924 
1924 
1924 
1924 

1924 
1924 
192·1 
1922 

8.2. Results on Wrou~ht Materials 
a. Plain Irons and Steels 

48 

48 
48 
48 

150 

150 
100 
9fi 

100 
5G 

2~ 
48 
48 

192 

The loss in weight and the maximum penetration 
of the 1 Y2-in. and 3-in. wrought black pipe for all 
removals of the specimens buried in 1922 in the 
original 47 NBS test sites are given in table 13. In 
some of the soils it was necessary to discontinue the 
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tests in less than 12 years because the sites were 
no longer available. However, approximately half 
of the exposures were continued for 12 years and in 
19 of the less corrosive soils, exposure was continued 
for approximately 17 years. In 1928, samples of 
some of the 3-in. pipes were exposed to 28 addi
tional soils, and in later years (1932 and 1937) 
samples of lYz-in. pipes and a plate were exposed to 
15 soils. These results are given in tables 14 and 15. 

For similar periods of exposure the relative cor
rosion rate of a material in two soils may not be 
the same, as the initial rate of loss in weight or 
pitting may be maintained in one soil, whereas in 
another the rates may decrease because of the effect 
of the corrosion products and properties of the soil. 
Differences of this nature are illustrated in figure 11, 
which shows the relation of maximum pit depth of 
wrought iron and steel to the length of exposure in 
five different soils. Because of these changes in 
the rates of corrosion with time, the data for all 
periods of exposure should be taken into account 
before attempting to estimate the behavior of a 
material in a soil or the corrosiveness of that soil. 

The depth of the deepest pit is a function of the 
area from which it is chosen. For a given mate
rial, the maximum pit depth resulting from a 
particular exposure has been found to vary with 
the exposed area, i.e., the greater the exposed area 
the greater the chance of finding one or more 
unusually deep pits [110]. Table 16 presents the 
maximum and weighted maximum pit depths of the 
wrought pipe specimens during the maximum expo
sure period. The weighted values have been 
adjusted to give comparable data based on their 
area for the specimens of different sizes, that is, 
the single deepest pi t on each 1 Yz-in. pipe and the 
two deepest pits on each of the two 3-in. pipes. 
Therefore, the data in the last 4 columns for the 
3-in. pipe may be compared with data for similar 
materials of the 1 Yz-in. pipe in columns 3 to 6. 
As a check on this procedure, the pit depths of the 
corresponding 1 Yz-in. and 3-in. wrought iron and 
Bessemer steel specimens (table 16) may be com
pared. In each case the same manufaeturcr 
furnished both sizes of the same materials. Thrre 
are 1 U soils in which the weighted pit depths are of 
the same magnitude and l(j soils in which t hr 
weighted pit depths are greatrr for the larger 
specimens compared with 12 soils in which t hr 
pit depths are less. 

Effect of Composition. Although the principal 
purpose of the original soil-corrosion investigation 
was to determine the effect of soils, a comparison 
of the different materials could not be avoided 
because of their varying compositions. 

A comparison of the behavior of the more com
monly used irons and steels was made in Research 
Paper 883 [113], which reported the average dept hs 
of the deepest pits, over an interval of 12 years, of 
all t he ferrous specimens buried in 1 U22. Thr 
diffrrence in the soils was so great that averagr 
ratrs for all soils had little value, ex('rpt that they 
permitted a comparison of different materials 
exposed to the same conditions. The pit depths 

were adjusted to take into account the areas of the 
specimens. 

Although table 16 indicates that there may be 
a small difference between open-hearth iron spcci
mens and the other 1 Yz-in. wrought specimens, this 
diffrrence is not considered to be significant. Simi
larly, the 3-in. open-hearth steel, containing 0.2 
percent of copper, may corrode at a greater rate 
than copper-free steel. In both cases the reason 
for the differences may be due to the character of 
the surfaces or the different surface finishes of the 
specimens employed. In the case of the open
hearth iron, the surfaces of the specimens may have 
been covered by an almost continuous thin oxide 
film that broke down in a relatively few places, 
thus concentrating the galvanic action. A basis 
for this suggestion is the low loss in weight, of the 
sprcimens of this material (table 13). 

The copper-bearing steel specimens, on t he other 
hand, carried heavy local patches of mill seale 
that had not been removed after fabrication. It 
is possiblr that galvanic action between this mill 
seale and the remainder of the surface of the pipe 
accelerated the corrosion, or that after a period of 
rxposure the mill seale became loosened and !!;al
vanic action brtween the unprotrcted spots and 
the oxidizrd areas caused additional corrosion. 

The loss in wright is smallest for the wrought
iron sprcimens, but the difference brtween the 
avera!!;e maximum rat.!'s of penetration for w\"Ou!!;ht
iron and Bessemrr st('('1 is not, suffi('irnt to show 
posit ively a diffrrence in the rates of corrosion of 
t hrse materials for either the 1 Yz-in. or the 3-in. 
sp('('lmens. 

The avrrag('s of the data for all soils for any 
material in table 16 indicate that the maximum 
pit depth is !!;enerally greater on the 3-in. than 
on the 1 !1-in. specimpns. IIowrv('r, the data 
for individual soils show that this is not always 
the ('ase. This is the "area effect" prpviously 
mentioned in the description of tlw weighting 
pn)(·('dur('. 

Bpcause each of these test sites was pxamined 
carefully and no location accepted where there 
was a possibility of stray currents in the earth, the 
corrosion ob~erved in t he sppcimrn~ could not, have 
I)('('n eau~ed by stray currents. Moreover, an 
examination of the distribution of the eorrosion 
with respect to thr position of the sppeimens in 
the trench ('onfirmpd thi~ statement. It is evident 
in tables 13 through 1!i for the wrought fplTous 
materials, that as a rule all the specimens in the 
same treneh corroded similarly with re~pe('t to 
IO:5ses in weight and dept h~ of ({('ppest. pits. Fur
ther ('xamination of thr specimens showed that 
the distribution of the ('orroded areas of individual 
speeimpns in tlIP ~ame trench was also similar. 
From t his it follow;; that. the causr of corrosion 
did not lie wit hin the sppcimens I)('cau:ie they 
differed in compositioll and werr furnished by 
several indppenden t pipe mills. Differences in 
eomposition of the plain iron,; and steels were t lIus 
eliminated as primary caU::ies of underground 
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No. 

52 

54 

68 

101 

102 

103 

104 

105 

I 
106 

107 

108 

109 

110 

III 

112 

I 
113 I 
114 I 

I 

, 
115 \ 

116 

117 

118 

119 

I 

TABLE 14. Loss in weight and maximum penetration of S-inch wrought black ferrous pipe buried in 1928 
(Average of two specimen",) 

Soil LOBS in weigh t A1aximum penetration 

Duration 

I of Open- Open-
eXJ)08ure hearth Wrought Be88emer hearth Wrought Be8!1emer 

Type iron I iron 8teel iron iron steel 

Material ... . ----- . -- -- A B M A B M 

Year8 o. /!I' o./!I' o./!I' Mila Mil, Mil. 
I 2 . 0 3.1 3.4 2 .7 66 62 40 

Lake Charles clay lonm __ . . . .. . . . . . . . . .. J 5 .4 14 .7 14.6 13.5 116 123 118 
! 7 . 5 19 .0 19 .0 16.9 116 176 163 

I 1.9 1.0 1.0 0 . 7 14 16 6 Fairmount Bilt loam ___ ___ __ ___ ______ _________ __ . .. ~ 5 . 2 1.5 1.3 1.2 14 21 11 
I 7.3 3.4 2.5 3.5 54 36 40 

f 1.7 3.2 3 . 6 2.9 42 50 37 
Gila clay ____ .. . . . _ .. . ... .. _ . . _. _ .... ____ .. . . . .... . ... { 5 . 1 3.7 4.3 3.7 43 43 38 

I 7 . 2 4.8 4.9 4.4 48 48 45 

f 1.9 3.9 5.2 3.9 70 66 60 
Billings silt loam (low alkali) _ .. __ __ . -- . . . . _- - j 4.1 7.5 8.8 7.2 116 94 94 

9.3 10.5 9.4 9.1 131 95 86 

f 1.9 a.9 5.1 4.3 42 37 26 
Billings .ilt loam (moderate alkali) __ . _. - -- -- . . . . .. . . - j 4 . 1 9.4 10.2 9.3 102 80 72 

9 . 3 18.3 16 . 1 17.6 124 93 95 

f 1.9 3.7 5.0 3 . 6 63 48 37 
Billings .ilt loam (high alkali) _ .. . _ ... . . ----- --_ . . ... j 4.1 11.2 10.4 10.1 88 86 66 

9 .3 18.8 21.3 17 . 8 190 136 192 

... ! 1.9 2.9 3 0 2 . 5 71 70 88 
Cecil clay __ . _ . . _ . . - . ... -.- . _--._ -- --- - ---- - - -. -- 4 . 1 4.8 4.3 3.7 84 86 93 

11.7 7 . 1 7.2 7 . 6 88 94 114 

f 2.0 3 2 3.6 3.4 50 45 I 58 
Cecil clay loam _ ... . . .. . . -. - _0. - ___ - ". -. { 4 . 0 3 6 3.8 4 . 2 48 48 46 

I 11.7 4 8 3.7 4 . 9 58 51 54 

f 1.9 2.6 2.5 2 . 0 62 46 48 
do ___ __ • . . . . __ .. .. . - -- - -- - . - . { 4.1 3.4 4.0 3.6 64 64 56 

I 11.7 7.3 8 . 6 9 . 0 93 70 75 

I 1 .9 2.0 2.3 2.4 57 66 64 
Cecil fine sandy loam __ _ . . . . .. . . --- ----- -. -_. - j 4 . 1 2.9 3.2 3 . 1 73 72 66 

11 .7 5.4 5 . 5 5 . 6 97 90 129 

! 1 .9 2.8 3 . 3 3 4 67 38 53 
Cecil gravelly loam .. .. . . __ . . . _ .. _ . . .. "- - - . _. .. . . -- ~ 4 . 0 3.1 3.6 3.4 86 50 62 

I 11 .7 4.7 4 . 5 5 . 9 85 70 95 

I 1 .9 4.7 5 .9 5 . 2 70 70 74 
Fresno fine sandy loam (low alkali). __ . . ... . . . _- i 4 .0 7 .9 70, 6.3 74 82 63 

I 9 . 2 11.6 11.!I 11.3 121 100 lOS 

f 1.9 3.9 4.5 4 . 1 74 60 42 
Fresno fine .andy loam (moderate alkali) .. _ . . __ _ A' .- . _- { 4 . 0 7.6 7 . 1 7 . 4 84 85 73 

I 9 . 2 18.6 15 . 8 20.2 155 126 155 \ 

f I .6 4.4 4.5 5 . 2 54 48 38 
Fresno fine .andy loam (high alkali). · , .0 - { 3 . 7 8.7 7.8 8 . 7 104 78 

I 
80 

I 8.9 17.6 18.8 19.4 162+ 165 119 

r 1 .9 7.1 7.3 7 .3 76 58 68 
Imperial clay (moderate alkali) __ -- .- -- . .... _- -

1 
4 .0 14.5 13.6 14 . 0 188+ 128 132 
5 9 19.8 16 . 9 18 . 8 250+ 177+ 232+ 

f 1.9 8.2 8 . 1 8 . 2 92 54 54 
Imperial clay (high alkali) _ ... . . -- -- _._ . . _-- - -. _ . . j 4 . 0 19.0 16 . 0 18 .5 216+ 157+ 216+ 

5 .9 25.8 21.8 23 . 6 224+ 178+ 231+ 

f 0 .9 I .5 1.3 1.3 32 15 14 
Lake Charles clay __ . . _ . .. - .. . . .. - " - -' .. .. . . _ . . .. . .. j 3 .0 4 8 6.0 5 . 0 99 72 67 

10 .5 H 3 14 . 6 14.1 159 00 106 

f 2 0 1 .8 1.9 1.7 32 34 I 32 
Memphis silt loam __ . ._._0 __ . . . . . l 4 . 1 2.4 

I 
2 . 8 2 . 7 75 64 64 

I 11 . 7 3.3 3.5 3 . 9 89 48 64 \ 
I 

f 1 . 9 6. 1 6.6 5.8 46 51 36 
Merced clay. _ . . . .. . . _ _ . _----_ . -.. - ------ - " - . ' - 0 - j 4 . 0 13 0 11.8 11 . 5 96 97 90 

9 .3 21 .6 19 . 1 19.4 121 173 88 

f 1.9 7.6 7.9 8.0 118 92 86 
Merced clay loam adobe. ______ . .. . . _ .. . . . . -- - - { 4.0 9.6 9.9 9.4 135 112 101 

I 9 .3 21.0 19.8 20 . 5 185 127 141 

f 1.9 5.4 5 . 0 5 . 5 108 72 60 
Niland gral·elly .and (low alkali) .. " 0 . _ _ . 0 . . . . . ~ ~ . O 12 .2 10.9 13.1 151+ 12~ 122+ 

I 59 

'" I 

15 4 14 . 9 240+ 153 

I 
158 

r 2 .0 0 . 7 0 . 6 0 .5 <10 <10 <10 
Norfolk .andy loam . . . . . .. _ .. . - .... _- .. - . . " 0_- ~ ~ .0 3 . 9 4 . 3 4 . 6 8li 52 68 

I 11 . 7 8 . 2 8 .7 8 .9 98 67 i 77 
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I 
I 

I 
I 

No. I 
---

120 

121 

122 

123 

124 

125 

TABLE 14. Loss in weight and maximum penetration of 3-inch wrought black ferrous pipe buried in 192B-Continued 
( A vera.p;e of two specimens) 

Soil LOBB in weip.;ht h-Iaximum penetration 

Duration I of Open- Open-
exposure hearth 

I 

Wrought Bessemer hearth Wrought BeMcmer 
Type 

I 
iron Iron steel iron iron steel 

Material . . - A B M A B M 
- ---- - - ----------------

ll" >"T.~ oz //I' oz //I' oz//I' J\1i13 /Ifil, J\fi/6 
I ~ 0 2.4 2 . 6 2 . 6 72 46 49 

Norfolk sand . . __ . . . . _. -0 - - • ... { 4 .0 0.9 0 .9 0 .8 22 20 20 
1 11 . G 1.8 1 . 8 2.1 36 28 26 

i 2 0 1.1 0 . 9 0.8 22 19 20 
do .- .. .. • __ - 0 - . - { 4 .0 1.0 .9 .7 26 20 20 

! 11 . 7 1.4 1 .4 1.5 28 25 21 

r 1 . 9 1.9 2 . 2 I .9 46 32 25 
Panache clay 100.111 _ ___ --". - . •• • •• -0 -0 - ---- - - . . . J 4 .0 2 .8 3 . 2 3 .G 48 60 38 

I 9 .3 5 .0 4 . 5 7 . 1 58 49 48 

I 2 . 0 3.0 3.2 3.2 32 30 32 
Susquehanna clay __ { 4. I 5.5 6 .4 5.4 46 38 44 

I 11.7 10.4 10 . 9 10.9 44 60 62 

f 0.9 2.4 2 . 6 2 . 7 47 48 47 
Suequehanna 8ilt loam ___ .. . . . .. -------- { 2 . 7 4.5 5 .0 5 . 2 54 54 55 

( 105 8 . 1 8 . 5 8 . 5 84 80 80 

I 2 .0 3.4 3.9 3.6 42 46 40 
Susquehanna fine sandy loam . __ .. .. __ . __ . __ .. _______ ___ { 4 . 1 4 .9 4.5 4.6 56 44 47 

I II .8 7.0 7 .9 8.5 68 74 78 

TABLE 15. Loss in weight. and maximum penetration of wrought black ferrous pipe (1 J1 inch) and plate buried in 1982 and 1937 
(Average of two specimens) 

No. 

51 

53 

t)t) 

5f. 

.18 

59 

Soil 

Type 

Expoeure 

For 

t~, 
and N 

For 
pipe 

Sand 
plate A 

1...088 in weight Maximum penetration 

I
, wroughtlwroUght 'l ----1---- ;rOUgbt Wrought 

iron iron Carbon Carbon I Open~ iron iron 
pipe, pipe. steel steel hearth pipe, mePcipea'n_ 
hand mechan~ pipe pipe steel hand h,s 

puddled ically plate puddled icatJy 
puddled puddled 

Carbon 
8teel 
pipe 

Carbon 
steel 
pipe 

Open
hearth 
steel 
plate 

Materia1._._ A B N S A A B :-< s A 

1-------- - - --1----- -----------------
Years Years I oz//I' oz //t' oz/ /I ' oz//t' Dzl/t ' .If I Is Aft I. MIl., M,l. /If,l. 

Acadia clay . . . . . 

Cpr-i) clay loaln 

lJalr(('rstown loam . 

I.ake Charl~s ('Iay _ ._ 

Murk .. 

Carlisle mw:k . 

Hifle pl'at . 

I 2 0 2 I I 11. 7 8 2 7 . 4 7 5 II 6 50 GO 82 52 54 

I
'! 54 . - 126 1:1 6 127 . . - - . . - . . .. . 114 "129+ 154+. _ .. . . - - -.----
I 7 5 '90 15 I 153 II 5 174 19 I 1~2+ 145+ 135+ 118+ 138+ 
i '14 3 I 239 267 210 . .. 1:15+ 1:11 + 146+ __ _ . ' ___ . _____ _ 

III ~ ~ ~ b I u un· ~ u ~! ~? ~~ ~~ ~~ 
!
i ~ . ~ I~~ U ~i !t :I! n ~~ ~!l ~~ ~~ n 

14 ~ 12 7 4 .!l 4 8 4 4 :I 9 4 .0 n ~~ 84 ()8 78 

1
1 ~ f 

1\ 14 . 2 

i( 2 0 
I I S 4 

7 .5 
9 4 

14 4 

:! 0 
r; 5 
7 . fi 
9 .5 

14 4 

( . . 
1 5 . I 

j 7 2 
9 . I 

I '14 2 

1.9 
5 . 2 
7 . 3 
9 2 

14 . :1 

1 9 
:1 .9 
9 .0 

II 0 
12 f} 

2.1 
4.0 
8.9 

11.1 
1:! .7 

2 . 1 
40 
8.9 

II 2 
12.7 

2. 
4 0 
9 . 1 

II I 
12 . 7 

2.1 
4.0 
9.1 

II I 
12.7 

2 .8 
:! a 
3 .. 1 
3 .7 
:1 . 4 

3 . 5 
10 . 8 
17 . 2 

d22 . 8 
2n .n 

3 . 5 
9 . 8 

11.9 
12 . li 
19 . 0 

1.8 
2 .0 
2 . -1 
4 .3 

5 . 7 
li .3 
5 . I 

14 . 3 
25 I 

2 9 
2 -t 
:1 4 
:1 .8 
:1.7 

4.4 
7.fi 

14.7 
19 5 
21) _5 

:1 . 2 
10 4 
II .f; 
I~ 7 
17 4 

J.fi 
1.8 
2 . :1 
4 ., 

.'; 0 
I; 8 
:; 4 

f lfj ;) 

28 8 

4 .0 
la . 9 
21.0 
28 .8 
35 

:J 2 
11 . 2 
14 . I 
Hi 
2/> 

2 ~ 4 ' 
:1.0 
4 7 
;j (I 

I; 
11 . 0 
7 . fi 

iii 7, 
28 .8 

I 

. 8 
2 Ii 
4 . 1 
:1 9 
:1.4 

13 8 
Iti 0 
27 8 
.J) 
)) 

5 . 1 
8 . 8 

17.:1 
W.:I 
17.~ 

1.5 
a :I 
7 . 5 
9 n 
g _n 

4.0 
8 I 

17 n 
19 I; 
21 0 

2 .0 
2 . 6 
:I 8 
:1. 3 
4 .0 

14 .4 
18 :I 
28 . 0 
48 . 1 
1) 

" .7 
!.I 9 

lfi .9 
17 2 
18 . 1 

1.5 
4 .2 
9 .9 
9 5 

II I 

0:1 
9 .1 

22 .0 
].'; 8 
21 .7 

40 
79 
70 
/i0 
7fi 

22 
fit) 

90 
d9f) ! 
145+ i 

20 ! 
li8 
84 

118 
96 

25 
18 
:!2 
:17 

24 
:18 
:10 

f5.=j 

78 

4~ 
84 
no 
84 
88 

24 
US 

lOti + 
lOti 

145+1 

18 , 

In I 
IIG ! 
78 ' 

-is" 
15 
28 
32 

24 
:17 
:14 

f04 
78 

41 
,,7 
.57 
59 
tiS 

20 
71 

125+ , 
154 + ' 
1:15+ 1 

18 
103 
110 
110 
154+ 

20 
30 
40 
34 

37 
24 
17 

J27 
82 

:!3 
50 
9 2 
84 
7:l 

77 
104 
145+ 
145+ 
145 + 

29 
46 
98 

110 
124 

12 
20 

101 
7f. 
72 

15 
:18 
58 
89 

118 

42 
54 
90 
77 
66 

80 
100 
126+ 
188+ 
188+ 

31 
61 
89 

161+ 
188+ 

6 
22 
98 
96 
90 

30 
40 
56 
63 
60 

See footnotes nt .'nd or table. 
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TABLE 15. Loss in weight and maximum penetration of wrought black ferrous pipe (1 Y:i inch) and plate buried in 1932 and !937 
('\verage of two specimens) -Continued 

No. 

61 

62 

63 

64 

65 

66 

67 

70 

Soil Exposure LOBs in weight Maximum penetration 

Type 

MateriaL __ _ 

I Sharkey clay ____________ j 

Susquehanna clay _ ~ __ 

l 

r 
I 
j 
l 

I 
Tidal marsh - - - - - - - - - - - i 

l 

r 
I 

Docas clay - - - - - - - - - . - - - i 
l 

f 
I 

Chino silt loam. _________ i 
l 

I 
1\.10have fine gravelly loam { 

! 
r 
I 

Cinders - - - -. - - - - - - - - - . . i 
l 

For 
pipe 

A, B, 
and N 

Years 
1.0 
5.5 
7.6 
9.5 

14.4 

1.9 
5.5 
7.1l 
9.5 

14.3 

2.0 
5.fi 
7.7 
9(; 

].j .4 

1.9 
5.2 
7.3 
9.2 

1-1.2 

1.9 
5.3 
7.3 
9.2 

14 .2 

1.9 
.5.3 
7.4 
9.2 

B.2 

2 0 
5.3 
7.3 
9.2 

14.3 

r--
Merced silt loam ________ I-

E--

For 
pipe 

Sand 
plate A 

Wrought Wrought I ""'ought Wrought 
Iron Iron Carbon Carbon Open- Iron Iron Carbon Carbon Open-
pipe, pipe, steel steel hearth pipe, pipe, steel steel hearth 
hand mechan- pipe pipe steel hand mechan- pipe pipe Bteel 

puddled ically plate puddled ically plate 
puddlea puddled 

AlB N S A A B N S A 

--;:::- Ol//t' ' Ol//t2 ---::;;;-1' Ol//t' Ol//t' Mils Mils Mils Mils Mit. 
2.1 1.3 1.2 0.8 2.2 2.6 17 10 !O 40 34 
4.0 5.6 4.9 ·1.0 5.0 5.4 H 37 154 45 50 
8.9 6.:1 tl.4 5.6 4.2 4.31 H 50 63 48 90 

lU Ig·~ lU Igg nUI~! I~~ I~~ ~~, I~~ 
2. I ! 3.0 i 4.0 4. I 3 :I 2.8 49 70 62 40 34 
4.0 4.0 I' 4.0 4.7 4.3 3.7 .54 56 66 56 47 
8 9 6.0 6 0 5 3 5 . 3 -1 .2 69 78 71 68 59 

11.2 7.8.. 9.·1 6.6 6.0 50 172 1101 187 72 77 
127 8.3 7.1 7.9 6.8 5.9 7·1 65 101 79 84 

2.1 :l. 0 ".6 3.8 2 7 3.6 28 If) I.') 24 18 
4.0 :1 I :I 4 4.5 9 2 dli. 2 22 :17 36 a8 d26 
8.9 3 .4 :l. 5 7 . I 10.7 d8 . 9 1i4 :l9 70 80 d36 

11.2 85 4 :I 19.0 122 16.9 100 155 .'>4 94 48 
126 IIO.I i 16.8 9.6 185 !U.S 74 80 61 126 H 

11 4 I la.3 12.6 8.7
1 

7.1 102 118 130 80 44 2.1 
4.0 
9.0 

11.2 
12.8 

2.1 
4.0 
9 0 

11 2 
12 7 

2.1 
4.0 
9.0 

11.2 
12.7 

~ b I 
9.0 

II. I 
12 7 

22! I 23.1 2.1.:1 6.0 7.4 129 110 IM+ u7 78 
:H , a5 . 4 35 . 6 4 . 7 7 .. 5 I H + 145 + 154 + 80 87 

'lfi.O+ '184+ D 12.4 1190 120+ 145+ 154+ 1I8 156+ 
':38.:1+ '18.4+ 0 1I7.2 18.6 145+ 145+ 154+ 122 188+ 

i 
8.0 1 Ii 2 7.4 4.3 4.G 54 I (j() 40 I 50 I 47 
7.4 7.2 10.3 4. uS. 3 91 87 74 59 I 51 
9 . () I 8 8 13.7 7.0 7 . 2 1101O.} + 106 83 u5 75 

13G 1I4 12.9 62 ul 110 1I2 84 79 
10 4 9 . 2 13.0 7. :I 8 . 2 98 I 98 86 98 91 

8 6 
10.2 
II.H 
d.5 8 
20 :1 

I 7 .8 7 .7 9. 2 8 .3 88 I 82 u6 14.') + 86 
. 11.3 15.1 12.:1 !U.8 85 lOti 154+ H5+ 188+ 

I.lH+ lt~ I I~U I:U ;~+ mi mi :!h l~t 
X~ I ~U ~!g ~~g j~~ :~+l I~~+ :nt' mt Ijg+ 
297 I 27.0 23.5 31.7 0 145+ 145+ 127+ 145+ 188+ 

'15.2+1 D '58.4+ [) 37.8 145+1 14.1+ 154+ 145+ 188+ 
DID 0 [) D 145+ 145+ 154+ 145+ 188+ 

2. I __ ~ I .. _ 4.9 5.0 _ .1 50 86 

40 I 9.0 
11.2 
12.8 ; ~. 

;~~:n : ... m+ I~~+ 
24 . 5 24 .0 I 145 + 188 + 
21.3 25.7 I i i 145+

1 

188+ 

a +. one or more srecimens contained holes because of corrosion. 
b Data for 8 specimens. 

f D, both specimens destroyed by ('orrosion. 
f Data for the individual specimens differed from the average by more 

than 50 percent. c Data for 4 specimens. 
ri Data for 1 specimen. The other specimen was missing. (J Data for 1 specimen. The other speeimen was destroyed by eorrosion. 
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FIGURE II. Pit-depth-time C/{T/'CS for wrought ferrOIlS pipe. 



TABLE 16. Maximum pit depth and weighted maximum penetration of 1 Y2-inch and 3-inch wrought black pipe specimens (buried 
in 1922) during the maximum exposure period 

(A. verage of two specimens in mils) 
-

:h-faximum penetration 

lYi-inch pipe 

Soil Maximum Bessemer 
exposure Open- Wrought Bessemer .teel \\'rought 

iron hearth steel (scale iron 
iron free) 

l\lateriaL_ a b e y B 
------

YearB 
I 11.6 92 74 86 91 96 
2 17 . 6 71 60 56 I 80 5G 
3 12 . 1 '118+ 80 78 75 76 
4 12.0 145+ 78 79 82 87 
5 17 .5 76 54 51 42 66 

6 17.5 27 30 26 21 32 
7 16 . 9 52 40 50 61 H 
8 11.8 100 76 74 67 83 
9 16 .9 69 51 64 H5 68 

10 12 .0 50 52 40 42 48 

11 11.9 99 75 76 70 90 
12 17.5 70 60 72 64 7G 
13 5.9 49 97 fi7 85 59 
14 11.8 120 109 130 131 127 
15 17.6 78 66 G2 58 65 

16 12.0 92 84 94 120 84 
17 17 .0 42 38 42 39 43 
18 11.7 71 72 71 G7 64 
19 11.6 62 71 71 66 66 
20 11.6 67 52 72 64 45 

21 6.0 71 52 60 63 60 
22 11.6 72 66 66 78 68 
23 12 . 1 145+ 145+ 145+ 145+ 158 
24 17 . 2 28 24 21 26 30 
25 17 . 0 75 50 48 42 54 

26 16.9 70 66 67 64 72 
27 17 .6 42 58 69 60 74 
28 9 . 6 145+ 132+ 137+ 145+ 167 
29 12 .0 145+ 97 136+ 145+ 134 
30 17.0 54 51 58 51 G2 

31 17.7 50 H 43 53 42 
32 11.7 58 55 46 50 59 
33 11.7 130+ 98 92 104 112 
34 12 .0 82 48 84 94 71 
35 17 .5 32 54 40 17 36 

36 17.7 56 54 55 48 50 
37 120 76 71 89 74 80 
38 17 . 2 52 34 28 36 37 
39 12 .0 77 5(; 50 liO G9 
40 12 0 139 101 87 82 70 

41 17 . 4 122 94 92 I 101 86 
42 12 . 0 94 92 11:1+' 111+ 96 
43 12.0 94 102+ 100 105 138 
44 11 .6 87 56 li3 69 65 
45 11.7 143 114 138 117 118 

4fi 12.0 80 95 108+ 118+ 82 
47 I 17 . 4 42 53 37 57 51 ------------

Average . . 81 70 73 75 

• The maximum penetration and the weighted maximum penetration [or 
the 1 J.i-inch pipe have the same value. 

corrosion. Furthermore, it is observed (tables 
13, 14, and 15) that in some soils all materials 
corroded much more seriously than in other soils. 
It is evident, therefore, that the chief causes of 
corrosion of the commonly used wrought mate
rials are associated with soils or soil conditions. 
The similar corrosion of specimens of different 
wrought materials exposed to the same soil is 
shown in figure 12, and figure 13 illustrates the 
variation in the corrosiveness of different soils with 
respect to the same material. 

Effect of Environment. It was observed in in
specting underground pipelines and specimens from 
the NBS tests, that corrosion may take widely 

75 

I 

Weighted maximum penetration a 

3-inch pipe 3-inch pipe 

I 
Open- Open-

o pen- Be8gemcr hearth Wrought Open- Bessemer hearth 
hearth steel steel iron hearth .teel steel 
ateel with Cu .teel with Cu 

K M Y B K M Y 

94 101 125 90 91 95 120 
70 58 67 54 62 56 64 
82 84 90 64 74 79 77 

108 84 152 74 . 103 71 146 
91 62 71 62 82 58 68 

30 23 32 30 27 20 29 
67 48 56 57 55 41 51 
93 110 127 80 86 68 109 
58 68 109 58 52 66 95 
56 54 66 45 41 48 53 

70 92 88 84 I 66 80 74 
56 86 85 70 54 83 81 
67 75 71 56 70 70 64 
97 135 WI 117 90 129 154 
82 72 62 60 69 66 60 

80 96 90 80 76 94 88 
50 48 57 41 46 44 51 
70 62 80 60 61 60 76 
85 G5 68 62 78 64 68 
80 56 65 H 72 55 57 

59 66 60 56 54 60 55 
65 66 71 66 63 G3 65 

159 163 216+ 157 158 145 216+ 
28 3G 28 31 26 30 30 
62 57 57 51 54 53 54 

66 78 80 69 64 77 75 
92 84 78 68 84 78 59 

183+ 152 216+ 160 180 142 216+ 
216+ 128 2lfl+ 117 194+ 101 171+ 

64 76 66 no 63 72 63 

90 66 49 40 83 64 47 
86 li2 91 58 81 58 90 

117 115 111 103 113 102 106 
73 77 104 66 68 73 101 
38 69 97 31 24 57 54 

60 50 57 50 59 48 53 
72 95 127 73 fi9 91 120 
38 42 35 :l4 :l:l 36 31 
72 94 IOtl 60 fi7 81 98 
99 96 92 67 95 87 88 

72 101 80 81 71 94 77 
129 103 lHi 94 122 98 106 
136 119 155+ 131 126 102 135+ 
72 82 88 fi2 54 77 79 

1:)8 128 158 111 135 12H 150 

68 136 134 77 GO 115 127 
40 48 46 48 38 41 44 

------------ ---- -----------
83 82 9.'; 70 78 75 87 

I 

b A 'plus (+) indicates that 1 or both 8pecimens were punctured by 
corrOSion. 

different forms, from the production of sharp iso
lated pits to a uniform attack of the metal surface 
as illustrated in figure 13. It will be observed that 
in specimen 1 there is very little pitting, although 
practically the entire surface has been attacked, 
whereas in the specimens in the lower row, pitting 
is especially pronounced and the corroded areas 
are relatively small. 

The variation in the type of corrosion on the 
same steel that may occur in soils is exhibited in 
figure 14, which illustrates corrosion patterns on 
Bessemer steel specimens, ranging from a uniform 
attack of the metal surface without pitting (14-1) 
to a highly localized attack in the form of deep, 
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