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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 114-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 1t i1s 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 pit on each 114-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 1l4-in. pipe in columns 3 to 6.
As a check on this procedure, the pit depths of the
corresponding 114-in. and 3-in. wrought iron and
Bessemer steel specimens (table 16) may be com-
pared. In each case the same manufacturer
furnished both sizes of the same materials. There
are 19 soils in which the weighted pit depths are of
the same magnitude and 16 soils in which the
weighted pit depths are greater for the larger
specimens compared with 12 soils in which the
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 depths
of the deepest pits, over an interval of 12 years, of
all the ferrous specimens buried in 1922. The
difference in the soils was so great that average
rates for all soils had little value, except 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 speci-
mens and the other 114-in. wrought specimens, this
difference 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
specimens of this material (table 13).

The copper-bearing steel specimens, on the other
hand, carried heavy local patches of mill scale
that had not been removed after fabrication. It
is possible that galvanic action between this mill
scale and the remainder of the surface of the pipe
accelerated the corrosion, or that after a period of
exposure the mill scale became loosened and gal-
vanic action between the unprotected spots and
the oxidized areas caused additional corrosion.

The loss in weight is smallest for the wrought-
iron specimens, but the difference between the
average maximum rates of penetration for wrought-
iron and Bessemer steel is not sufficient to show
positively a difference in the rates of corrosion of
these materials for ecither the 1l%-in. or the 3-in.
speeimens.

The averages of the data for all soils for any
material in table 16 indicate that the maximum
pit depth is generally greater on the 3-in. than
on the 1l4-in. specimens. However, the data
for individual soils show that this is not always
the case. This is the “area effect” previously
mentioned in the description of the weighting
procedure.

Because each of these test sites was examined
carefully and no location accepted where there
was a possibility of stray currents in the earth, the
corrosion observed in the specimens could not have
been caused by stray currents. Moreover, an
examination of the distribution of the corrosion
with respect to the position of the specimens in
the trench confirmed this statement. It is evident
in tables 13 through 15 for the wrought ferrous
materials, that as a rule all the specimens in the
same trench corroded similarly witlh respect to
losses in weight and depths of deepest pits.  Fur-
ther examination of the specimens showed that
the distribution of the corroded areas of individual
specimens in the same trench was also similar.
From this it follows that the cause of corrosion
did not lie within the specimens because they
differed in composition and were furnished by
several independent pipe mills. Differences in
composition of the plain irons and steels were thus
eliminated as primary causes of underground
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TABLE 14. Loss in weight and mazimum penetration of S-inch wrought black ferrous pipe buried in 1928

(Average of two specimens)

Soil Lose in weight Maximum penetration %
0
Duration -
of Open- Open- :%
exposure hearth Wrought | Bessemer hearth Wrought | Bessemner %%
No. Type iron iron steel iron iron steel .
%
Material . _|....._.___ A B M A B M %
Years oz /ft? oz/ft? oz/ft2 Mils Mils Mils
[ 2.0 3.1 3.4 2.7 66 62 40
52 Lake Charles clay loam__. . . . . . R *{ ?é }sg 14.6 }gg I}g l;g {ég
. A 19.0 » 1 1
[ 1.9 1.0 1.0 0.7 14 16 6
54 Fairmountsiltloam. . ... _________________.._ .. { ?g :!13 “lzg ég é: 3(13 ill)
{ 1.7 3.2 3.6 2.9 42 50 37
68 Gl Y o o oo in ik 505258 1 memrs mmmme m oo mremmie 5 Sme i { 5.1 3.7 4.3 3.7 43 43 38
l 7.2 4.8 4.9 4.4 48 48 45
{ 1.9 3.9 5.2 3.9 70 66 60
101 Billings silt loam (low alkali)..._._ .. .____... .. . .... { 3% ]gg gg g‘;’ }:IB? gg gg
( 1.9 3.9 5.1 4.3 42 37 26
102 | Billings silt Joam (moderate alkali) . ._.__ ... ... . .__ t 3; lgé {gf 1?2 igi gg ;g
{ 1.9 3.7 5.0 3.6 63 48 37
103 Billings silt loam (high alkali)_. ... ___..___ . .. .. . .__ 1 49% iég ;(l)?i }gé lgg 133 lgg
1.9 2.9 3.0 2.5 71 70 88
104 el AT comes 5 o oemns & cwsey STEEETRERT S L asmn s § S oas 15 4.1 4.8 4.3 3.7 84 86 93
11.7 7.1 7.2 7.6 88 94 114
[ 2.0 3.2 3.6 3.4 50 45 58
105 Cecilelayloam_ .. ... ... ... .. ... .. . ... B E l%? 3,2 gg :92 gg ;8 gﬁ
¢ 4. ‘ A 1 4
{ 1.9 2.6 2.5 2.0 62 46 48
106 Ommmnmiens & wom o 2 v o weEs 88 P80 S S i g el 4.1 3.4 4.0 3.6 64 64 56
| LT 7.3 8.6 9.0 93 70 75
{ 1.9 2.0 2.3 2.4 57 66 64
107 Cecil finesandy loam.__ .. .. .. . _____ ... ... . ... { 4 _} §A9 3.2 gé g:; 73 gg
11. .4 5.5 o 9 1
{ 1.9 2.8 3.3 3.4 67 38 53
108 | Cecil gravellyloam._ ... ... __. Mk v S wa {' I‘: (7) i; 2? gé gg ?8 gg
{ 1.9 4.7 5.9 5.2 70 70 74
109 Fresno fine sandy loam (low alkali).__._ . . .  nBE 1( ;g Jg 17‘3‘ ]‘l’g 1;‘: 18(2’ lgg
. - I .
{ 1.9 3.9 4.5 4.1 74 60 42
110 Fresno fine sandy loam (moderate alkali)___. ... el {{ 492 lgg 7.é 2542 12; 122 lgg
. .6 15. 20.
( 1.6 4.4 4.5 5.2 54 48 38
111 Fresno fine sandy loam (high alkali). ... ... .. . 5§ § veis WH {l g; §.7 7.8 131 103_*_ 78 l?g
d 17.6 18.8 5 16. 165
( 1.9 7.1 7.3 7.3 76 58 68
112 Imperial clay (moderate alkali)__ ... . . _ . . ... . . . ___ t 4.0 14.5 13.6 {ég ésgi 128+ ;gg_‘_
5.9 19.8 16.9 : 5 177
{ 1.9 8.2 8.1 8.2 92 54 54
113 Imperial clay (highalkali)_.. . .. . .. . .. _ . ___ { 4.0 19.0 16.0 1%5 2561 1571 3561
5.9 25.8 21.8 23.6 224 178 1
{ 0.9 1.5 1.3 1.3 32 15 14
114 Lake Charlesclay_._._ . . .. .. _ .. __._ ... _____. . 3.0 4.8 6.0 5.0 99 72 67
: i 10.5 11.3 14.6 14,1 159 80 106
; { 2.0 1.8 1.9 1.7 32 34 32
115 | Memphissiltloam._.._._ ... .. sty e N 4.1 j; 2.8 g'{; gg 63 64
l 11.7 3.8 3.5 3 4 64
( 1.9 6.1 6.6 5.8 46 51 36
116 Mercedelay. .. ... ... ... ..., 4.0 13.0 11.8 11.5 96 97 90
9.3 21.6 19.1 19.4 121 173
{ 1.9 7.6 7.9 8.0 118 92 86
117 Merced clay loam adobe. . ... .. ... . _ ... .. { 4.0 9.6 9.9 282 lg5 112 }2}
{ 9.3 21.0 19.8 1 185 127
) [ 1.9 5.4 5.0 5.5 108 72 60
118 | Niland gravelly sand (low alkali) ... ... . . ___ ! 1.0 12.2 10.9 }3(1; 15(1)1 lgé i§§+
: { 5.9 16.0 15 4 E 24 1
{ 2.0 0.7 0.6 0.5 <10 <10 <10
119 Norfolk:sandy 108M s e v was o0 2 smume sammms sewwn 5oy REAiEs {l 4.0 3.9 gg 483 gg gg gg
11.7 8.2 . .
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TABLE 14. Loss in weight and mazrimum penelration of 3-inch wrought black ferrous pipe buried in 1928—Continued
(Average of two specimens)

Seil Loss in weight Maximum penetration
Duration
of Open- Open-
exposure hearth Wrought | Bessemer hearth Wrought | Bessemer
No. Type iron iron steel iron iron steel
Material ___{ .. s A B M A B M
Years oz/f& oz /ft? oz/ft2 Mils Mils Mils
2.0 2.4 2.6 2.6 72 46 49
120 Norfotk sand . . . .. . . . ... { 1.0 0.9 0.9 0.8 22 20 20
| 11.6 1.8 1.8 2.1 36 28 26
f 2.0 1.1 0.9 0.8 22 19
121 QO 55 5 2 i s n o 5 efie w EEEE o e o i { 1.0 1.0 9 7 26 20 20
{ 11.7 1.4 1.4 1.5 28 25 21
{ 1.9 1.9 2.2 1.9 46 32 25
122 Panoche clay loam ____ . ... ______ ... ... 4 1.0 2.8 3.2 3.6 48 60 38
{ 93 5.0 4.5 7.1 58 49 48
{ 2.0 3.0 3.2 3.2 32 30 32
123 Susquehanna clay . . . ¢ 4.1 5.5 6.4 5.4 46 38 44
{ 1.7 10.4 10.9 10.9 44 60 62
{ 0.9 2.4 2.6 2.7 17 48 47
124 Suaquehanna silt loam . __ . R { 2.7 4.5 5.0 5.2 54 54 55
{ 10.5 8.1 8.5 8.5 84 80 80
{ 2.0 3.4 3.9 3.6 42 46 40
125 Susquehanna finesandy loam . ... .. . .. ... ... __ _____ { 4.1 4.9 4.5 4.6 56 44 47
{ 11.8 70 7.9 8.5 68 74 78

TaBLE 15. Loss in weight and maximum penetralion of wrought black ferrous pipe (1Y% inch) and plate buried in 1932 and 1937
(Average of two apecimens)

Soil Exposure Loas in weight Maximum penetration
i
Wrought|Wrought Wrought{Wrought

For For iron iron Carbon | Carbon | Open- iron iron Carbon | Carbon | Open-

Xipe pipe ipe, pipe, steel steel hearth ipe, pipe, steel steel hearth

No. Type v B, S and an mechan-| pipe pipe steel and |[mechan-| pipe pipe steel

and N | plate A | puddled | ically plate | puddled | ically plate

puddied puddled
Material. . __ A B N S A A B N S A

Years Years oz /ft? oz/ft? oz /f12 oz/ft? oz/ft2 Mils Mils Mils Mils Mils

{ 2.0 2.1 11.7 8.2 7.4 7.5 11.6 50 60 82 52 54
) T ) 12.6 13.6 12,7 o 144 a]l29 + 1544+ ..o
51 Acadiaclay. _._.... __. 1 7.5 9.0 15.1 15.3 11.5 17 .4 19.1 122+ 145+ 135+ 128+ 138+
i c14.3 23.9 26.7 21.0 e v 135+ 131 4+ b £ 10 S SRR, A——

{ 2.0 2.1 3.5 3.4 2.7 1.8 1.8 34 30 37 42 40

| 5.5 4.0 2.6 3.0 3.0 2.9 3.2 64 71 50 98 76

53 Cecil clay loam . 7.6 8.9 3.3 3.4 1.2 3.4 3.9 77 76 54 74 57

| 9.5 5 3.7 3.7 4.1 3 4 34 50 73 59 78 72

I 143 12.7 4.9 1.8 4.4 3.9 1.0 72 66 84 68 78

i 1.9 19 2.8 2.9 2.4 1.8 2.0 40 42 41 33 42

! 5.2 3.9 2.3 2.4 2.2 2.6 2.6 79 84 57 50 54

55 Hagerstown loam_ . _ 3 7.1 9.0 5 3.4 3.2 4.1 38 70 60 57 92 90

| 9.1 11.0 7 3.8 3.8 3.4 3.3 60 84 59 84 77

I 14.2 12.6 3.4 3.7 3.1 3.4 4.0 76 88 653 73 66

{ 2.0 2.1 3.5 4.4 4.0 13.8 14.4 22 24 20 77 80

| 5.4 4.0 10.8 7.6 13.4 16.0 18 3 66 65 71 104 100
56 Lake Charles clay . . ¢+ 7.5 8.9 17.2 14.7 21.0 27.8 28.0 90 106 + 1254 145 + 126 +
i 9.4 11.1 | 422.8 19.5 28.8 D 48.1 496 106 154 + 145+ 188 +
L1144 12.7 26.6 26.5 35.2 D D 145+ 1454 135+ 145+ 188 +

i 2.0 2.1 3.5 3.2 3.2 5.1 5.7 20 18 18 29 31

I 5.5 140 9.8 10.4 Fl.2 8.8 9.9 68 64 103 46 61

58 Muck. . 7.6 8.9 11.9 11.6 14.1 17.3 16.9 84 110 110 98 89
| 9.5 11.2 12.6 12.7 16.2 16.3 17 2 118 116 110 110 161+
o144 12.7 19.6 17 .4 25.5 17.6 18.1 96 78 154+ 124 188 +

[ .. 2.1 e P 1.5 1.5 |l 12 6

i 5.1 10 1.8 1.6 2.4 3.3 4.2 25 18 20 20 22

59 Carlisle muck. ¢ 7.2 9.1 2.0 1.8 3.0 7.5 9.9 18 15 30 101 98

] 9.1 111 2.4 2.3 4.7 96 9.5 32 28 10 76 26

| c14.2 12.7 4.3 4.2 39 9.6 1E: 1 37 32 34 72 90

[ 1.9 2.1 5.7 5.0 6.2 4.0 6.3 24 24 37 15 30

| 5.2 4.0 6.3 4.8 11 81 9.5 38 37 24 38 40

60 Rifle peat . . { 7.3 9.1 5.1 3.4 7.t 17 .6 22.0 30 34 17 58 56

] 9.2 11.1 14.3 f16.5 16.7 19 .6 15.8 155 /64 127 89 63

[ 14.3 12.7 251 28 .8 28.8 2E:0 21.7 78 78 82 118 60

See footnotes at end of table.
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TaBLE 15.  Loss in wetght and mazimum penetration of wrought black ferrous pipe (115 inch) and plate buried in 1932 and 1937
(Average of two specimens) —Continued
Soil Exposure Loss in weight Maximum penetration
. Wrought{Wrought Wrought|{Wrought
For For iron iron Carbon | Carbon | Open- iron iron Carbon | Carbon | Open-
pipe pipe pipe, pipe, steel steel hearth pipe, pipe, steel sl_eel hearth
No. Type A, B, S and hand |mechan-} pipe pipe steel hand {mechan-{ pipe pipe steel
and N | plate A | puddled | ically plate | puddled | ically plate
puddled puddled
Material ____ A B N 8 A A B N 8 A
Years Years oz/ft? oz /f1? oz /2 oz/ft2 oz/f? Mils Mils Mils Mils Mils
{ 1.0 .1 1.3 1.2 0.8 202 2.6 17 10 4 34
5.5 4.0 5.6 1.9 4.0 5.0 5.4 41 37 754 45 50
61 Sharkey elay...________. j 7.6 8.9 6.3 6.4 5.6 1.2 4.3 14 50 63 48 90
9.5 11.2 6.4 5.7 5.8 6.9 7.3 61 /86 196 58 103
{ 14.4 12.7 10.2 11.9 10.0 7.5 8.1 84 82 88 64 85
( 1.9 2.1 3.0 4.0 4.1 32 2.8 49 70 62 40 34
| 5.5 1.0 1.0 1.0 4.7 4.3 3.7 54 56 66 56 47
62 Susquehanna elay .. ... ._ i 7.6 8.9 6.0 6.0 5.3 5.3 4.2 69 78 71 68 59
9.5 11.2 7.8 9.4 6.6 6.0 5.0 72 /101 /87 72 77
[ 14.3 12.7 8.3 & ol T 6.8 5.9 74 65 101 79 81
2.0 21 3.0 2.6 3.8 2.7 3.6 28 16 15 24 18
5.6 4.0 3.1 2.4 4.5 4.2 6.2 22 37 36 38 426
63 Tidal marsh_._.__._.__. j 7.7 8.9 3.4 35 Tl 10.7 a8 .9 64 39 70 80 436
9.6 11.2 8.5 4.2 /9.0 12.2 16.9 100 155 Y 94 418
I 14.4 12.6 | /10.1 6.8 9.6 18.5 16.5 74 80 61 126 14
{ 1.9 2.1 11.4 13.3 12.6 8.7 7.1 102 118 130 80 14
| 5.2 4.0 2l 23.1 25.3 6.0 7.4 129 110 154+ 67 78
64 Docasiclay s i 7.3 9.0 34.4 35.4 35.6 4.7 7.5 144+ 145+ 154+ 80 87
9.2 11.2 1 vi6.04] 718 14 D 12.4 /19.0 120+ 145+ 154+ 118 156 +
{142 12.8 | ¢38.3+] #¢18.4+ D /17 .2 18.6 145+ 145+ 154+ 122 188 +
{ 1.9 2.1 8.0 6.2 7.4 4.3 1.6 54 66 40 50 47
) X | 5.3 1.0 7.4 7.2 10.3 4.6 5.3 91 87 74 a9 51
65 Chino silt toam.____._._. i 7.3 9.0 9.0 8.8 13.7 7.0 7.2 110+ 106 83 65 75
9.2 1.2 13.6 11.4 12.9 6.2 6.1 102 110 112 84 79
[ 14.2 2.7 10.4 g.2 13.0 7.2 8.2 98 98 86 98 91
g 1.9 2l 8.6 7.8 TiT 9.2 8.3 88 82 66 145+ 86
5.3 4.0 10.2 11.3 15.1 12.3 16.8 85 106 154+ 145 + 188+
66 Mohave fine gravelly loam|{ 7.4 9.0 11.6 11.1 14.3 /8.1 1.6 110 140+ 154+ 78 66
1 9.2 11.2 5.8 10.0 18.6 16.3 117.7 488 130+ 154 + 145+ 188 +
14.2 12.7 20.3 017 .2+ D 720.3 19.9 142+ 145+ 154+ 145+ 188 +
{ 2.0 2l 8.6 11.4 21.5 40.0 12.0 100 98 154+ 145+ 46
) | 23 4.0 31.8 24.9 314.6 37.0 34.3 145+ 145+ 119+ 145 + 1324
67 Cinders.. .z conmummms - ? 7.3 9.0, 297 27.0 23.5 31.7 D 145+ 145+ 127+ 145+ 188+
9.2 11.1 0152+ D 058 .4+ D 37.8 145+ 145+ 154+ 145+ 188 +
[ 14.3 12.7 D D D D D 145+ 145+ 154+ 145 4+ 188 +
f-.. 2% U DR SR D 4.9 5.0 |. 50 86
. |- . 4.0 g . 9.7 10.6 118+ 188 -
70 Merced silt loam. _______ - R 9.0 ; - 13.4 17.9 R 122 66
- 11.2 i e L 24.5 24.0 145 + 188 +
—— 128 [onee i 2t.3 25.7 145+ 188 4
i
e 4+, one or morce specimens contained holes because of corrosion. ¢ D, both specimens destroyed by corrosion.
b Data for 8 specimens. f Data for the individual specimens differed from the average by more
¢ Data for 4 specimens. than 50 percent.
4 Data for 1 specimen. The other specimen was missing. ¢ Data for 1 specimen. The other specimen was destroyed by eorrosion.
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Figure 11. Pil-depth-time curves for wrought ferrous pipe.
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TABLE 16. Mazimum pit depth and weighted marimum penetration of 1ls-inch and 3-inch wrought black pipe specimens (buried
in 1922) during the marimum exposure period

(Average of two specimens, in mils)

Maximum penetration Weighted maximum penetration a
1%%-inch pipe 3-inch pipe 3-inch pipe
Soil Maximum Bessemer Open- Open-
exposure Open- | Wrought | Bessemer steel Wrought | Open- |Bessemer| hearth | Wrought| Open- |Bessemer| hearth
hearth iron steel (scale iron hearth steel steel iron hearth ateel steel
iron free) steel with Cu steel with Cu
Material. . a b e vy B K M Y B K M Y
Years
1 11.6 92 74 86 91 96 94 101 125 90 91 95 120
2 17.6 71 60 56 80 56 70 58 67 54 62 56 64
3 12.1 8118+ 80 78 75 76 82 84 90 64 74 79 77
4 12.0 145+ 78 79 82 87 108 84 152 74 103 71 146
5 17.5 76 54 51 42 66 91 62 71 62 82 58 68
6 17.5 27 30 26 21 32 30 23 32 30 27 20 29
7 16.9 52 40 50 61 74 67 48 56 57 55 47 51
8 11.8 100 76 74 67 83 93 110 127 80 86 68 109
9 16.9 69 51 64 65 68 58 68 109 58 52 66 95
10 12.0 50 52 40 42 48 36 54 66 45 47 48 53
11 11.9 99 75 76 70 90 70 92 88 84 66 80 74
12 17.5 70 60 72 64 76 56 86 85 70 54 83 81
13 5.9 49 97 67 85 59 67 75 71 56 70 70 64
14 11.8 120 109 130 131 127 97 135 161 117 90 129 154
15 17.6 78 66 62 58 65 82 72 62 60 69 66 60
16 12.0 92 84 94 120 84 86 96 90 80 76 94 88
17 17.0 42 38 42 39 43 50 48 37 41 46 44 51
18 11.7 71 72 71 67 64 70 62 80 60 61 60 76
19 11.6 62 71 71 66 66 85 65 68 62 78 64 68
20 11.6 67 52 72 64 45 80 56 65 14 72 55 57
21 6.0 71 52 60 63 60 59 66 60 56 54 60 55
22 11.6 72 66 66 78 68 65 66 71 66 63 63 65
23 12.1 145+ 145+ 1454 1454+ 158 159 163 216+ 157 158 145 216 +
24 17..2 28 24 21 26 30 28 36 28 31 26 30 30
25 17.0 75 50 48 42 54 62 57 57 51 54 53 54
26 16.9 70 66 67 64 72 66 78 80 69 64 77 75
27 17.6 42 58 69 60 74 92 84 78 68 84 78 59
28 9.6 145+ 1324 1374 145+ 167 183 + 152 216 4+ 160 180 142 216+
29 12.0 145+ 97 136+ 145+ 134 216+ 128 2164 117 194+ 101 171+
30 17.0 54 51 58 51 62 64 76 66 60 63 72 63
31 17.7 50 44 43 33 42 90 66 49 40 83 64 47
32 11.7 58 55 46 50 59 86 62 94 58 81 5 90
33 11.7 130+ 98 92 104 112 117 115 111 103 113 102 106
34 12.0 82 48 84 94 71 73 77 104 66 68 73 101
35 17.5 32 54 40 17 36 38 69 97 31 24 57 54
36 17.7 56 54 55 48 50 60 50 57 50 59 48 53
37 12.0 76 71 89 74 80 72 95 127 73 6H9 91 120
38 17.2 52 34 28 36 37 38 42 35 34 33 36 31
39 12.0 77 56 50 60 69 72 94 106 60 67 81 98
40 12 0 139 101 87 82 70 99 96 92 67 95 87 88
41 17 .4 122 94 92 101 86 72 101 80 81 71 94 77
42 12.0 94 92 113+ 1114 96 129 103 116 94 122 98 106
43 12.0 94 102+ 105 138 136 119 155+ 131 126 102 135+
44 11.6 87 36 63 69 65 72 82 88 62 54 77 79
45 11.7 143 114 138 117 118 138 128 158 111 135 126 150
46 12.0 80 95 108 + 1184 82 68 136 134 77 60 115 127
47 17 .4 42 33 37 57 51 40 48 16 18 38 47 44
Average. . 81 70 73 75 75 83 82 95 70 78 75 87
1

e The maximum penetration and the weighted maximum penetration for
the 124-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

b A plus (+4) indicates that 1 or both specimens 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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