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Results of a corrosion study involving exposure of galvanized 
and black pipe specimens for five years in various backfill 
materials are reported. Backfill mater i a 1 s used included 
slags, limestone and grave 1 s, native soil and coal cinders. 
Corrosion of the pipe, considering the variability inherent in 
tests of this type, was similar in all backfill materials except 
coal cinders. Only the ci,nders were seriously corrosive in ef
fect, and no other backfill used reacted in this manner. Cor
rosion of black pipe was appreciably greater than that of gal
vanized pipe in all backfill materials. 

•BLAST furnace slag has been extensively employed as a mineral aggregate for more 
than half a century in all types of construction and as a raw material in the manufacture 
of cement, mineral wool and glass . The service record in all uses has been excellent. 

Nevertheless, since blast furnace slag contains small amounts of sulfur compounds
chiefly present as calcium sulfide or sulfate-there have been occasional fears that 
corrosion of metals might result from use as aggregate or as a cement ingredient in 
reinforced concrete, or as a fill material in contact with metal. The reported effects 
of the sulfur compounds in cinders have no doubt contributed to the questions regarding 
possible corrosive effects of slag, despite the fact that slag is completely different in 
composition from cinders. 

USE IN CONCRETE AND AS BACKFILL 

Performance of Slag Aggregate in Concrete 

There have been many laboratory and field investigations in the United States and 
abroad, demonstrating that blast furnace slag has no corrosive effects when used either 
as aggregate or as a cement ingredient in reinforced concrete. These date back at 
least to the research of J. R. Stead in England prior to 1920 (1) who concluded that 
"slag does not attack or corrode the iron or steel bars beddedin the concrete but is it
self protective against corrosion." 

Among the many other investigations and published reports relating to use of slag 
aggregate in reinforced concrete, the performance s urveys made by Committee C-9 
of the American Socie ty for Testing Materials (2) me rit mention. No restrictions were 
placed on sulfur content of slag concrete aggregate "for the reason that inspections 
made by members of the Committee of reinforced slag concrete structures in the course 
of demolition showed no corrosion of reinforcement that could be attributed to the slag, 
nor is there any published evidence that such corrosion has been observed so far as the 
Committee is aware." Thirty-eight years later Larrabee and Coburn (3) reported 
similar findings: no evidence of any corrosion resulting from use of slag aggregate 
existed. 

Bogue (4) stated that any effect of slag would be accentuated in portland blast furnace 
slag cements where large amounts of slag are intimately interground with the cement 
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clinker, and pointed out that no discrediting effects had been established in over 60 
years of such use. Further evidence of lack of any corrosive tendencies of slag cements 
is found in the research of the Corps of Engineers (5) where tests indicated that port
land blast furnace slag cements resulted in less corrosion of reinforcing bars than did 
Type II portland cement. Still later, studies were conducted by the Portland Cement 
Association (6) to evaluate effects on prestressing wire: "It has been found that the 
presence of sulfides in concrete made with cinders may occasionally cause corrosion 
of embedded steel. The question arises as to whether the sulfide content in portland 
blast furnace slag cements would have similar effects. " After tests with five Type IS 
and three Type I cements, the authors concluded: " ... the corrodibility of pres tress
ing wire in concrete made with Type IS cements was the same as that in concrete made 
with Type I cements. " 

Many other studies and investigations similar to the few referred to above have been 
made, and reported in the literature. Complete summaries of early work in this .field 
are contained in Symposium No. 10 of the National Slag Association (7). These studies 
have served to disprove definitely any association of slag with corrosion of steel in con
crete, whether used as aggregate or as part of the cement. 

Slag as Backfill 

Although slag has been used as a fill and backfill material for many years in contact 
with metals of various kinds without any evidence of causing corrosion, far less informa
tion is available in the literature than in the case of use in concrete. Many large cities, 
such as Youngstown, Pittsburgh and Cleveland, have used slag as backfill around util
ity lines since the early 1900's. Hudson(!!_), based on a review of available laboratory 
and field data, concluded that it was unlikely that blast furnace slag backfills would be 
seriously corrosive and noted the desirability of additional investigations. At a recent 
conference in Youngstown, Ohio, on corrosion of piping for radiant heat installations 
(9), the fact that slag is noncorrosive and totally different in reaction from cinders was 
again demonstrated. Nevertheless, in some areas questions regarding use of slag 
still arise occasionally, based on the erroneous idea that blast furnace slag and cinders 
might be similar in their reactions. 

In view of such unwarranted concern, it was decided several years ago that additional 
information was desirable on the use of blast furnace slag a s backfill material s around 
pipe. Accordingly, the National Slag Association started to obtain service record in
formation that would include both backfill and concrete aggregate use. A tabulation of 
recorded installations of pipe in slag, dating as far back as 1911, was released in 1960 
(10) . In no case were any corrosion problems encountered. The Association's Techni
cal Committee, under the chairmanship of Fred Hubbard at that time, also recom
mended that actual field tests of pipe embedded in various backfill media be conducted. 
As a result, the study described in this report was started in the fall of 1958 on the 
grounds of the NSA Laboratory site at Canfield, Ohio. 

PURPOSE AND SCOPE OF TESTS 

The tests were designed to furnish information on the corrosivity of various backfill 
materials toward both black (uncoated carbon-steel) and galvanized steel pipe during a 
five-year exposure period. Blast furnace slag, both granulated and air-cooled, was 
used, along with coal cinders, natural aggregates and the native soil; and, since steel 
slags were coming into use as backfill materials, they were also included in the study. 
In the case of the air-cooled blast furnace slag, the steel slag and the natural aggregates 
several sizes of each were employed since it wa s thought size of backfill materials 
might influence corrosion rates. 

In all, 16 backfill materials (Table 1) were used, with both black and galvanized pipe 
specimens buried in each. After five years, the pipe specimens were removed, cleaned, 
and the extent of corrosion evaluated. Details of the procedures, materials and results 
of the study are covered in the following sections of this report. 
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Test Site 

TABLE 1 

BACKFILL MATERIALS USED IN PIPE CORROSION TESTS 

Type of Material Source Size 

Granulated blast furnace slag A No. 4 - 0 
Granulated blast furnace slag B ¾in. - 0 
Air-cooled blast furnace slag C No. 4 - 0 
Air-cooled blast furnace slag C 1½ in. - ¾ in. 
Air-cooled blast furnace slag C ¾ in. - No. 4 
Limestone D No. 4 - 0 
Limestone D 1½ in. - ¾ in. 
Limestone D ¾in. - No. 4 
Natural sand E No . 4 - 0 
Gravel E 1½ in. - ¾ in. 
G.·avel E ¾ in. - No. 4 
Native soil 
Coal cinders F ¾ in. - 0 
Steel slag G No. 4 - 0 
Steel slag G ¾in. - No. 4 
Granulated blast furnace slag B ¾ in. - 0 

MATERIALS AND TEST PROCEDURES 

Magnetic 
Particles 
(1, by wt) 

4. 1 
20.9 
3.6 

34. 0 
39.5 

0. 5 

3 

The test site was near the back property line of the laboratory grounds, located on 
a large area of level land. The soil tests were conducted at the end of the study, to 
permit a comparison of results with the extensive underground corrosion work of the 
National Bureau of Standards (NBS), as reported in NBS Circular 579 (11). Resistivity 
and pH tests, using recommended procedures of NBS, showed the following values: 

Depth 

0-11 in. from surface 
11-22 in. 

Resistivity 
(ohm-cm) 

4780 
5310 

pH 

6.1 
4.3 

These results indicate the native soil to be quite similar, on the average, to Hagers
town loam at the NBS corrosion Test Site No. 55. The Hagerstown loam is considered 
to be a moderately corrosive soil, typical of well-drained, high-resistivity soils found 
in the eastern part of the United States (Q). 

Pipe 

Standard ¾-inch black and galvanized (2 oz zinc/ sq ft) steel pipe stock purchased 
from a local hardware dealer was used. Compositions of the base steels in these pipe 
samples are unknown. The pipe was cut into 15-in. lengths, and the ends sealed with 
cork plugs followed by dipping the ends in hot asphalt (85-100 penetration). Exposed 
external surfaces of the pipe were as obtained from the dealer. 

Backfill Materials 

The backfill materials included three granulated blast furnace slags, three sizes of 
air-cooled blast furnace slag, two sizes of open hearth steel slag, three sizes of 
crushed limestone, two sizes of gravel, natural sand, coal cinders and the native soil, 
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Each material was used in a single trench, which contained one specimen of each type 
of pipe. 

Characteristics of each of these materials and the trench numbers in which they 
were used are given in Table 1. The granulated slags were processed to provide a wide 
range in percentage of magnetic particles, in an effort to determine whether this would 
affect corrosion. The steel slag samples had not been processed for removal of metal
lics and, consequently, contained high percentages of magnetic particles. 

Field Burial Procedure 

Each backfill material was used in an individual trench, all 16 of which were located 
in a row. Each trench was 4 ft O in. long, 1 ft 6 in. deep and 1 ft O in. wide, with a 1 ft 
0 in. wall of undisturbed soil separating the ends of adjacent excavations. 

In each trench a 6-in. layer of the backfill (or bedding) material was tamped into the 
bottom. One piece of each type of pipe was then placed horizontally in the bed, with 
the pipe ends 6 in. apart and 6 in. from the ends of the trench. Another 6-in. layer of 
the backfill material was then tamped over and around the pipe specimens. The re
maining 6 in. of the depth was filled with the native soil, tamped and seeded to grass. 

This procedure resulted in each test specimen being enveloped, in all directions, by 
approximately 6 in. of the selected backfill material. Minimum distance between pipe 
specimens was 6 in. within a given trench and 2 ft O in. between trenches. In trenches 
1 and 16, an iron peg was driven 3 in. from the ends of the pipe and referenced to 
property markers to facilitate later location of the specimens. 

Specimen Cleaning 

After five years under ground, the specimens were carefully removed. One-half of 
each specimen was wire-brushed by hand to remove loose scale, corrosion products 
and adhering aggregates or soil, while the other half was left in its "as removed" con
dition. 

Visual examination at this point indicated that additional cleaning would be essential 
if reliable evaluation of results was to be obtained. Many of the black pipe specimens 
were quite similar in appearance, with a high percentage of the total area covered by 
rust stains, scale and/or adhering aggregate, not all of which could be readily removed 
by brushing. Galvanized specimens were sufficiently stamed and discolored as to 
render estimates of area of zinc removal, etc., difficult. 

Accordingly, all specimens were completely cleaned in conformance with the methods 
used by NBS in their extensive studies of corrosion (.!.!,). 

Measurement of Relative Corrosivity of Backfill Materials 

The relative corrosivity of the backfill materials toward the black (bare carbon-steel) 
pipe was evaluated on the basis of measurement of the depth of corrosion pits in the 
pipe surface. These measurements were made with a dial pit-depth gage as shown in 
Appendix 3 of the NBS report (11). - -

Galvanized pipe specimens were carefully examined visually, and estimates made of 
the surface condition (area of bare steel exposed and area still covered by zinc or zinc
iron alloy). The original thickness of zinc coating was measured (on ends of the pipe 
protected by dipping in asphalt before burial), establishing the zinc application rate as 
2 oz/sq ft. 

TEST RESULTS 

The test results are presented and discussed separately for the black (bare carbon
steel) and galvanized pipe in the following sections. 

Corrosivity Toward Bare Carbon-Steel 

The backfill materials were divided into three general groups, based on the average 
depth of the five deepest corrosion pits on the pipe specimens: the first group included 
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coal cinders only, with an average pit depth of 52 mils; the second included some of the 
slags, gravel and native soil, with pit depths ranging from 22 to 30 mils; and the third, 
with pit depths of 11 to 18 mils, included some slags, gravel, limestone and sand. 

Figure 1 shows the black pipe specimens with a graph of the average depth of the five 
deepest corrosion pits on each. The areas affected by corrosion varied widely, as did 
the "fineness" or "coarseness" of the corrosion pattern. No weight loss data are avail
able to determine any correlation with affected areas. 

However, depth of pitting is of greater potential importance than weight loss in pipe 
corrosion, since it may result in perforation and leakage, and, therefore controls 
pipe life . The cinders are far more corrosive than any of the other backfill materials , 
with the entire exposed area of the pipe severely pitted: Only the cinders produced 
greater corrosion than would be expected in any moderately corrosive soil. 

For the other backfill materials used, variations between materials, within either 
of the two groups into which they are divided in Figure 1, are minor and of no signifi
cance in view of the variability in such exposure tests. Similarly, the data fail to show 
any significant effects caused by different sizes of a given material or by variations in 
percentages of magnetic particles in the slags. 

In fact, it seems probable that all backfill materials, except cinders, should be 
considered as falling in the same range, without significant differences among them. 
The average depth of pitting for all materials is 22. 4 mils, with individual deviations 
from this value of -51 percent and +132 percent (cinders). Excluding the cinders, the 
average for the others is 20. 4 mils with maximum individu:ilil variations of -46 percent 
and +47 percent. In NBS studies (11), depths of corrosion pitting on pipe specimens 
sometimes varied more than 50 percent from the average for two such specimens ex
posed to presumably identical conditions. In view of the extreme variability encountered 
in other studies of this type, even between duplicate specimens, significance of the 
groupings used for the results (with one exception) cannot be established. Only the dif
ference between cinders and the other materials seems to be sufficiently large to be 
considered significant. 

Since the native soil at the test site appears to resemble the Hagerstown loam at the 
NBS Test Site No. 55, a comparison of test results with their work (11) is of interest. 
Table 2 gives weight loss and maximum pit depths for plain steel pipe from NBS tests. 

Comparing their results with those from the current study, pitting of bare steel 
tended to be more severe in the NBS tests for a 5-yr exposure than for the black pipe 

1 ,, 11 12 15 16 8 9 1 0 1 4 

Trench Number 

Figure l. Corrosion of black pipe specimens after 5 years of e xposure. 
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TABLE 2 

WEIGHT LOSS AND PIT DEPTH OF 
BARE STEEL PIPE BURIED IN 1937 

AT NBS TEST SITE NO. 55a 

Bare Steelb 

Exposure 
(yr) We ight Loss 

(oz/ ft2> 

1. 9 1.8 
3.9 2.6 
9.0 4. 1 

11. 0 3.9 
12.6 3.4 

aData from Table 66 (l l ). 
bAverage of two specimens. 

Max. 
Pit Depth 

(mils) 

33 
50 
92 
84 
73 

used in this study. Although NBS used 
larger pipe (therefore, greater exposed 
areas), it is believed reasonable to con
clude that corrosion was less severe in 
our study than a t NBS Site No. 55. Since 
the soil at Site No. 55 was not unusually 
corrosive, it seems that all backfill ma
terials used in this study, except cinders, 
developed somewha t less corrosion than 
might be expected from an average natural 
soil. The NBS tests show a leveling off of 
corrosion with time, typical of results in 
this type of material. Other materials, 
such as poorly aerated soils and cinders, 
maintain a high rate of corrosion over 
long periods of time. The limited scope 
of our investigation did not include pro
vision for specimen removal at varying 
times to establish such a corrosion-time 
correlation. However, it seems probable 
that little additional corrosion should be 
expected from longer exposure times with 

the slags and natural aggregates used in this study. 

Corrosivity Toward Galvanized Steel Pipe 

Figure 2 shows the galvanized pipe specimens with a graph indicating the arP,a of 
bare steel exposed (from which all zinc and zinc-iron alloy had been removed by cor 
rosion). For convenience, results are shown in the same order (by trench numbers) 
as those previously mentioned. Discoloration of the remaining zinc and zinc-iron alloy 
coatings on these specimens (especially in the case of the one in native soil-Trench 
12) makes photographic presentation of the corrosion effects difficult. However, cor
rosion pitting and exposure of bare steel were extremely minor or nonexistent on all 
specimens except that from the coal cinder backfill (Trench 13). In the case of the 

Trench Number 

Figure 2. Corrosion of galvanized pipe specimens after 5 years of expos ure . 
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cinders, all of the zinc had been removed by corrosion exposing the base steel over the 
entire pipe, and extensive pitting had begun indicating very corrosive conditions. 

The results point to several definite trends. Coal cinders are far more corrosive 
than any of the other backfill materials used. Differences between the other materials 
are minor and, in view of the variability inherent in tests of this kind, probably have no 
significance. 

For all materials except cinders, either zinc or zinc-iron alloys were intact over 
the entire pipe specimens, or had been removed over only a small percentage of the 
total area. NBS tests (11) have shown that both the zinc and zinc-iron alloy layers can 
furnish protection to theunderlying steel mechanically when the coating is continuous. 
When the coating continuity has been destroyed, protection may be provided either gal
vanically or by the formation of a whitish protective film that appears to be composed 
chjefly of a zinc silicate. (Such films appea.i· on a number of the pipe specimens in 
Figure 2.) Additional long-time protection of those specimens having only minor spots 
of bare steel would, therefore, be expected in any of the backfill materials other than 
cinders. 

Complete removal of all zinc and zinc-iron alloy and absence of any other protective 
film on the specimen exposed to coal cinders shows that no protection from further 
corrosion could be expected from the galvanizing. The extensive pitting already begun 
would be continued with additional exposure time. 

CONCLUSIONS 

The data obtained on the relative corrosivity of 16 backfill materials on uncoated 
carbon and galvanized steel pipe specimens during a 5-yr exposure period are believed 
to j11stify the following general conclusions: 

1. The slag, natural aggregate and native soil backfill materials used in this study 
were all somewhat similar in corrosivity characteristics. 

2. There was no evidence that the gradation or magnetic particle content of the 
backfill materials had any significant influence on the degree of attack on the test 
metals. 

3. The coal cinder backfill was the only one of the variety of backfill materials 
used that was extremely aggressive toward uncoated carbon and galvanized steel pipe 
specimens. 

4. The backfill materials used were all more corrosive toward the uncoated carbon
steel than toward the galvanized steel. 
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