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ABRIDGMENT 

•CORROSION data are based on measurements made on about 4, 500 specimens of 
commonly used plain ferrous materials which had been buried in backfilled trenches 
at 86 National Bureau of Standards sites for periods up to 17 yr. The metals exposed 
consisted of open hearth iron, hand-puddled and mechanically puddled wrought irons, 
and open hearth and Bessemer steels, all without alloying constituents. The soils 
ranged in resistivity from 50 to 54, 000 ohm-cm and in pH from 2. 6 to 10. 2. 

For periods of exposure up to 5 yr, the maximum pit depths are on the average 
deeper in soils with resistivities up to 500 ohm-cm tha n i n s oils with higher resistiv
ities. In the higher resistivity soils (> 500 ohm -cm), there- appears to be no regular 
variation between maximum pit depth and soil resistivity. However, for periods of 

100 

... • • >, ..___ • en • • ·' E •• • • • 
a:: 10 ·, •• • ••• >- • • ·- • • • • ,..-, ~ \ .. • -. •• • • • a:: •• w • • • , ... 
I- • • • • u.. •• • • • 
<( • • •• ' w • • .. .. .. 
I- •• • • • <( • a:: • • • • z • w 
a.. • 
>(_ 
<( 

~ 
.I 

10 102 103 104 105 

RESISTIVITY, ohm-cm 

Figure 1. Rat es of p enetration of spec imens based on maximum pit depth-time curves, 
from 5 yr to f rom 12 to 17 yr (for majority of soils). 

*The complet e paper, on which thi s abridgment is based, has b een published in t he J ourna l 
of Res earch of the National Bureau of St andards, Vol. 69c, No. 71 , Jan.-Mar. 1965 . 
Paper sponsored by Commit tee on Metals in Highway Structures. 

20 



O" 
U) 

.......... 
C'Cl 

100 

E 
10 

f-
z 
w 
0::: 
0::: 
~ 
u 
z 
0 
(/) 

0 
0::: 
0::: 
0 
u 

.I 
10 

• • • . . . ,._: • 
• . . - -• 

• 
-. • • • . .. .... . ,. . ~ .. 

··•!• •• • o ••• .. , . 
• • • • 

• 

•• 

• • 

102 103 104 

RESISTIVITY, ohm-cm 

• 

.. -• • 

21 

• 

Figure 2. Calculated corrosion current densities based on weight loss rates between 5 
and 12, and between 5 and 17 yr of exposure for majority of soils. 

exposure longer than 5 yr, the rate of maximum penetration, in general, decreases as 
the soil resistivity increases, as shown in Figure 1. According to an empirical equa
tion, increasing the area of metal exposed from that of the specimens (0. 4 sq ft) to that 
equivalent to the exterior surface (45. 16· sq ft) of a bare 20-ft length of 8-in. diameter 
pipe approximately doubles the maximum penetration rates given in Figure 1. 

The weight losses on the same specimens were converted to corrosion current 
densities. The corrosion rates after 5 yr are shown in Figure 2. The pattern is sim
ilar to that of Figure 1, indicating a correlation betwee1J weight loss and maximum pit 
depth. 

The cur.rent densities r equired .for cathodic protection are usually greater than the 
current densities associated with corrosion. The data (Fig. 2) can be adjusted to give 
an estimate of he current densities probably necessary for the cathodic protection of 
bare metal surfaces similarly exposed. This does not imply that current density is 
being substituted for polarization requirements as a criterion for cathodic protection, 
but that current densities might be estimated to fulfill the polarization requirements. 
A factor of 1. 5 is suggested for soils with 1·esistivities up to 5, 000 ohm-cm, 2. 0 for 
soils from 5,000 to 10,000 ohm-cm, and a factor of 3. 0 for soils with resistivities 
greater than 10, 000 ohm-cm. The higher corrosion rates existing during the first few 
years of exposure indicate that it is probably economically feasible to wait for about 
2 yr before measuring current densities necessary for cathodic protection. 




