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Durability of Concretes
And Mortars in Acid Soils
With Particular Reference

To Drain Tile

Dalton G. Miller' and Philip W. Manson2

INTRODUCTION

rAILURES BY disintegration of concrete drain tile in peat
have been noted and reported upon by workers of various

agencies for many years. Because of lack of information on the
subject, studies were initiated in Wisconsin to determine the
extent of the problem in existing drainage systems. The request
for such studies came in 1923 from Professor EJ R. Jones, Chair-
man of the Department of Agricultural Engineering of the Uni-
versity of Wisconsin, and was made to S. H. McCrory, Chief of
what was then the Division of Agricultural Engineering of the
Bureau of Public Roads, United States Department of Agricul-
ture. Following this request, the senior author of this bulletin
and Professor 0. R. Zeasman, representing the University of
Wisconsin, were assigned to make examinations of some of the
existing tile lines. Results of these investigations, however, still
left unanswered the fundamental question of why concrete tile
of some systems in peat had badly disintegrated while harmful
action on the tile of other systems had been relatively slight. The
scope of the investigations was therefore broadened and a con-
tinuing research program was inaugurated.

Although these investigations were originally planned to aid
in the improvement of farm drain tile, the results will have a
wide application to the use of concrete culverts, bridge piers and
abutments, foundations, and all other types of construction which,
in service, are subjected to the action of soil acids.

A report of work conducted under a cooperative agreement between Public
Roads Administration of the Federal Works Agency, the University of Minnesota,
the Division of Water Resources and Engineering, Minnesota State Department of
Conservation, and, informally, the Department of Agricultural Engineering of the
University of Wisconsin. In 1946 the Graduate School of the University of Minnesota
allocated funds in order that completion of the manuscript ,of this bulletin might
be expedited. In the files of the University of Minnesota, this is Paper No. 2330,
Scientific Journal Series. This paper has not been published heretofore. , •

1 Materials Engineer, Public Roads Administration, Federal Works Agency.
2 Professor, Division of Agricultural Engineering, University of Minnesota.
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REPORTS BY OTHER INVESTIGATIONS

Some of the earlier work on this subject was done in 1915
when the Michigan Agricultural Experiment Station reported
failures (12)3 and in 1921 when the Wisconsin Agricultural Ex-
periment Station reported failure (4). In 1922 articles from the
Minnesota Agricultural Experiment Station appeared in the
August issue of the Journal of the American Peat. Society (2, 10)
in which references were made to a report published in 1910 by
Tacke, Director of the Bremen, Germany, Peat Experiment Sta-
( 11). In the Tacke report, importance was attached to be-

havior of concrete structures in peat soils. In 1923 an article based
on work at the Minnesota Agricultural Experiment Station was
published in the Journal of Agricultural Research (3). As shown
by these and other reports, failures of concrete drain tile in peat
had occurred at widely separated locations and considerable
thought had been given to their causes.

SUMMARY

This report can be logically divided into four parts, and it is
on this basis that the results of the investigations are considered.

I. Investigations and tests of old drain lines in service.
II. Inspections and tests of experimental drain tile installed

in peats and mineral soils.
III. Inspections and tests of 2- by 4-inch experimental con-

crete and mortar cylinders installed in peats and mineral soils.
IV. Comparisons of test results of drain tile and cylinders.
Examinations were made in 1923-25 of 12 concrete tile sys-

tems located in the five southeastern Wisconsin counties: Dane,
Dodge, Jefferson, Racine, and Waukesha. When these examina-
tions were made, the tile had been installed for periods ranging

from three to nine years and averaging between five and six

years. Re-examinations were made of a number of the same tile

systems during the fall of 1940, after the tile had been in service

for periods averaging between 22 and 23 years.

The degree of action on the commercial concrete tile taken

from 12 Wisconsin drainage systems, installed in peat 20 to 26

years, greatly varied between systems, ranging all the way from
negligible etching to complete disintegration of the tile. It is not

clear from the data just what influence either tile quality, as
determined by supporting strength and absorption tests, or soil
acidity had on durability; but in the two systems where complete

3 Italic figures in parentheses refer to literature cited (see page 80) .
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disintegration had occurred, the tile, when removed, were lowest
in quality, and the soil acidities, as measured by pH values of 5.9
and 6.4, were highest and second highest of the 12 locations.

During the field examinations in Wisconsin it became evident
that the data were incomplete in regard to the known properties
of the tile previous to installation. Between the fall of 1923 and
the spring of 1932, therefore, several hundred 5- and 6-inch drain
tile were made at two Minnesota plants and one in Wisconsin,
and were installed in peats and mineral soils in Minnesota and
Wisconsin.

Behavior of the experimental tile was essentially the same
as that of the commercial tile in that the strength trends were
downward for the tile installed in peat with pH values of 5.9
and 8.0. The commercial tile from ten systems in peat with pH
values ranging from 5.9 to 7.5 lost an average supporting strength
of 270 pounds per linear foot during the 17 years between tests,
while the average strength loss for the eight lots of experimental
tile was 550 pounds per linear foot between five and 19 years in
the two peats with pH values of 5.9 and 8.0.

Ten thousand 2- by 4-inch experimental concrete and mortar
cylinders were made and installed in peats and mineral soils in
Minnesota and Wisconsin and in an acid mineral soil in North
Carolina. There were 50 variables, including 17 portland cements,
two high alumina cements, different curing conditions including
steam up to 3450 F., six admixtures, two surface treatments, and
various mixes and water-cement ratios. Periodic examinations
were made up to 20 years.

Two aggregate gradings were used: a well-graded coarse sand,
0 to 3/8 inch, and Ottawa standard sand representative of a poor
grading. There were four mixes, 1-1, 1-3, 1-5, and 1-7, by volume,
with water-cement ratios from 0.40 to 1.10.

The strength trends of the experimental cylinders of plain
concrete, with 28-day compressive strengths around 5,000 psi., and
mortars with 28-day compressive strengths around 1,000 psi.,
were downward in peat as were the trends of the drain tile. As a
result, for the 14 years between exposures for five and 19 years
the concrete cylinders, in the peats with pH values of 4.1, 5.1,
and 5.4, lost an average of about 1,170 psi., while loss in strength
of the ,low-strength mortar cylinders for the 12 years between
exposures for five and 17 years in the peats with pH values of 4.1
and 5.1 was about 750 psi. The data indicated that there would
have been a loss of about 860 psi, had the exposure been continued
another two years. Expressed as percentages, the loss for the

'
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concrete cylinders was 18 per cent of the strength at five years,
whereas the loss for the mortar cylinders was 45 per cent of the
strength at five years.

So many of the conclusions are based on tests of both drain.
tile and cylinders that, before many of the tests could be corre-
lated and interpreted, it was necessary to convert as well as could
be done the compressive strengths of the cylinders into equiva-
lent supporting strengths of the drain tile. This is discussed in
detail in section IV.

CONCLUSIONS

(1) Practically all concrete and mortar specimens so far ex-
amined have shown evidence of corrosive action where exposure
periods in peat have been around 20 years. In general, the degree
of corrosion has varied with the acidity of the peat and the .unit
strength of the concrete in the test piece, whether drain tile or
cylinders, when installed. Acidities of the three mineral soils in
which cylinders were installed did not furnish as reliable an
indicator of corrosive action as they did for the peats.

(2) Poor-quality concrete tile did not give satisfactory service
in even low-acid grass and sedge peats with a pH of 6.0 or higher.

(3) The investigations indicate that, for greatest durability,
drain tile installed in peat soils must be of at least the quality
required of Extra-Quality Drain Tile of the Standard Specifica-
tions for Drain Tile, A.S.T.M. designation C4-24.

(4) None of the 17 portland cements differed in resistance to
soil acids. The concretes made with high alumina cements were
slightly more resistant than those made with portland cements.
None of the admixtures used in the tests improved the resistance
of the concrete to the action of soil acids.

(5) Rich mixes of high strength and low permeability gave
the greatest resistance to the action of soil acids. All the data upon
which this report is based support this conclusion. None of the
special materials or procedures employed improved the resistance
of high-strength concrete, with the possible exception of steam
curing at 345' F. or coating the surface with linseed oil or a cut-
back bituminous product.

(6) Calculating the moduli of rupture of drain tile in accord-
ance with the hollow circular beam formula of the Standard
Specifications for Drain Tile, A.S.T.M. Designation C4-24, did not
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prove satisfactory for the determination of the unit strength of
the concrete in the walls of concrete tile of the smaller diameters.

(7) It is indicated by the indirect methods discussed in sec-

tion IV that the compressive strength, in pounds per square inch,
of the concrete in the walls of drain tile of the smaller diameter,
of customary thickness, is ordinarily between 2 and 21/2 times the
supporting strength of the tile in pounds per linear foot.

I. TILE FROM OLD SYSTEMS IN SERVICE

The general plan followed in the field examinations was to
locate tile lines which had one or more sections in peat and one or
more sections in mineral soil, preferably clay. Tile were then taken
from the two types of soil and tested for supporting strength and
absorption. This did not always work out too well because some

of the installations were in relatively small islands of mineral
soil surrounded by peat, were overlaid by peat, or were used to
drain peat areas farther up the tile line. Any one of these condi-
tions introduced the possibility that soil water from peat finally
made contact with the tile even though laid in mineral soil. This
could account for the fact that the surfaces of tile from some, of
the installations in mineral soil were definitely etched and the
tile had lost strength during the 17 years between tests. In each
comparative test the tile were of the same diameter and, as far
as could be determined by inquiry and by inspection of the tile,
had been made by the same manufacturer. In some cases, identi-
fying marks or certain characteristics of manufacture made it
possible to record definitely, in the notes, the name of the manu-
facturer. This was as far as any effort was made to select the
tile to be tested, and in all cases the tile were tested without any
culling, except to reject cracked specimens.

It was the practice in the case of the tile examined in 1923-25
to test them for supporting strength in the field the same day they
were dug up, while they were still damp. A small portable hy-
draulic testing machine was used for this work. To eliminate
inequalities of testing as far as possible, the order of breaking
the tile from peat and mineral soil was alternated by breaking
one from peat, then one from mineral soil, etc. The same pro-
cedure was followed in testing tile dug up in 1940 except that
the tile were taken to the laboratory, soaked for 24 hours, and
tested on a beam .platform scale especially equipped for drain
tile testing. Test results of these tile are summarized in table 1.
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FIG. 1. Sections of commercial drain tile to illustrate the method of rating after long-
time service in tile lines installed in peats. The degree of etching was influenced

by soil acidity and tile quality when installed.

The depths at which the tile were laid varied considerably for
the different systems. Not all lines were functioning satisfactorily
when examined, due in one case to disintegrated tile and in other
cases to filling of the outlets. Some tile lines were open and no
water was flowing when the examinations were made because
the ground water had fallen below the level of the tile. These
facts were recorded in notes made at the time of the field ex-
aminations. The degree to which the concrete tile were etched is
reported in accordance with the photographs of figure 1 as follows:
0—No etching
1—Slightly etched, less than 50 per cent of the surface
2—All the surface etched
3—Considerable coarse aggregate exposed
4—Deeply etched with some coarse aggregate loosened

Field Examinations in Wisconsin

Location No. 1—E1/2, SE3/4, Sec. 33, T6N, R19E, Waukesha
County, installed 1918. All tile lines were functioning satisfac-
torily when examined in 1923 and 1940. The peat from which the
tile were taken was black and well decomposed at the surface,
but that in which the tile were laid was raw and dark brown
in color. In 1940, the degree of etching of the tile from peat was
1 for the interiors and 3 for the exteriors (see figure 1) .



Table 1. Tests of Commercial Concrete Drain Tile after Installation in Mineral and Peat Soils in Wisconsin and

Minnesota for Periods up to 26 Years

Lab.
No.

Loca-
tion
No.

Years
in-

stalled
Tile
size

In mineral soil In peat soil

pH No. tile
tested

Average
supporting
strength

_
Average

absorption

Degree of action
rated by

appearances*
pH No. tile

tested

' Average
supporting
strength

Average
absorption

Degree of action
rated by

appearances*

Inch Lb. per
lin. ft.

Per cent Interiors Exteriors Lb. per
lin. ft.

Per cent Interiors Exteriors

2020-2024 1 5 5 ..••••... ..•... .........•.. ••••••.. ...... ...... .••..••.• 5 1,490 9.2

8497-8502 22 5 ••••••••• ...... ••••••...... .......... - r , 6 920 9.3 1 3

2027-2031 2 7
.24

12 .••••• •••••••••••• ...•••••• •••••• ......... 5 1,200 9.3

8503-8507 12 .....••.. • •..••••••••• ••••.. ...••• 6.0 5 810 10.6 0 4

2037-2046 3 4 5 7.9 5 1,890 8.6 •..... 7.0 5 1,770 9.2 _

2060-2064 4 8 8 •••••••.. •••••••••••• ..... ...... ......... 5 1,200 11.7

8520-8525 25 8 ..•.....• •..•.. •••••••••••• ....••••• ...... •••... 7.5 6 970 12.0 0 2

2080-2084 5 5 4 •..•••... •..••• ..... ....... ......••• ..... ...•.. ......... 5 1,560 8.2 _

8526-8531 22 4 ...••••.. ............ ......... ...•.. ...•.• 7.4 6 1,260 9.5 1 2

2097-2106 6 5 5 ......... 5 1,610 8.7 '"'"' .••••• ......... 5 1,260 9.1

8532-8542 22 5 7.7 5 1,330 9.5 1 1 6.7 6 890 10.3 1 2

2107-2116 7 3 5 ••••••••• 5 1,970 7.6 ...... ..... 5 1,630 7.5

8543-8552 20 5 7.0 5 1,490 8.7 1 2 6.8 5 1,090 9.0 1 3

2125-2134 8 8 4 •••••••.• 5 2,240 8.2 •.•••• •.••••••• 5 2,050 7.9

8553-8564 25 4 .••••.•.• 6 2,050 8.8 1 1 7.1 6 1,380 9.8 0 1

2191-2223 9 9 4 ••••••••• 6 810 13.5 -- •••••• ••••••••• 6 270 13.7

8565-8576 26 4 6 590 13.6 0 1 5.9 6 Dis. ......... Dis. Dis.

2246-2346 10 4 10 ••••••••• 10 1,600 8.4 ...... •••••• 19 1,330 9.6

8577-8586 21 10 ..••••••• 5 1,470 10.4 0 1 6.6 5 1,210 10.6 0 1

2297-2316 11 3 5 •••••••.. 10 1,220 9.9 ..•••• ......... 10 1,120 10.1

8587-8596 20 5 ..••••••• 5 1,470 10.5 0 0 7.2 5 1,380 10.1 1 1

2317-2337 12 6 6 ...••••.. 9 1,060 12.7 -•••• ..•••• ---- 8 ' 1,020 12.6

8597-8608 23 6 7.7 6 940 13.7 0 4 6.4 6 940 12.8 0 4

Note: Loss in strength of tile from peat tested in 1940 was 
35 per cent, when based on tests in 1923 of tile from mineral soil.

* Refer to figure 1 for significance of digits in t
his column.
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Location No. 2—Center of Sec. 35, T4N, R21E, Racine County,
installed 1916. Water was standing at the top of the 12-inch tile
of this system when examined in 1923 and was 8 inches above
the top in 1940. Tile were 31/2 feet deep in peat which was well
decomposed and dark brown at the surface, undecomposed and
light brown below the surface (pH-6.0) , and smelled strongly
of H,,S. The degree of etching in 1940 was 0 for the interiors and
4 for the exteriors.

Location No. 3—W1/2 of Sec. 4, T8N, R18E, Waukesha County,
installed 1919. The 5-inch tile lines were functioning satisfac-
torily when examined in 1923 although no water was flowing.
The tile in peat were installed 40 inches deep. This peat was
about 5 feet deep underlaid by bluish, gravelly clay. The peat
mixture ranged from black to brown in color and from well de-
composed to raw in texture (p11-7.0). The check tile had been
laid about 3 feet deep in gravelly, yellow clay (pH-7.9) with an
overburden of 21 inches of peat. The tile in both mineral soil
and peat were in excellent condition when examined in 1923.

Location No. 4—NE Cor., Sec. 3, T6N, R17E, Waukesha County,
installed 1915. These 4-inch tile lines were functioning satisfac-
torily both in 1923 and 1940 and were carrying water 1 inch in
depth. The peat installation was in black muck (p11-7.5) about
3 feet deep, underlaid by sandy muck. The degree of etching in
1940 was 0 for the interiors and 2 for the exteriors.

Location No. 5—NW1/4, NW1/4, Sec. 21, T9N, R17E, Dodge
County, installed 1918. Four-inch tile were taken from black
muck and peat (p11-7.4). Depth of trench was about 20 inches,
with yellow clay immediately below. No water was flowing in
the tile when examined in 1923 and 1940. The degree of etching
of the tile in 1940 was 1 for the interiors and 2 for the exteriors.

Location No. 6—NW1/4, NW1/4, Sec. 7, T6N, R20E, Waukesha
County, installed 1918. Five-inch tile in black peat (p11-6.7)
were taken from a trench about 26 inches deep. When examined
in 1923 these tile were covered by 9 inches of water. The check
tile were 24 inches deep in yellow clay (p11-7.7), with iron-
colored streaks. Overlaying this clay was 8 inches of black muck.
The degree of etching of the tile interiors in 1940 was 1 for both
mineral soil and peat. For the exteriors it was 1 for the mineral
soil and 2 for peat.

Location No. 7—N1/2, Sec. 13, T6N, R19E, Waukesha County,
installed 1920. The tile here were 5-inch, in raw peat (p11-6.7),
with check tile from yellow clay (p11-7.0). The sections at which
these tile lines were examined were in trenches only about 18
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inches deep, and it is doubtful that either of the lines ever car-

ried water during much of any season. The degree of interior

etching of the tile in 1940 was 1 for both mineral soil and peat

while for the exteriors it was 2 and 3, respectively.

Location No. 8—SW1/4, SW 1/4, Sec. 7, T6N, R20E, Waukesha
County, installed 1915. The 4-inch tile of this system were taken

from trenches 24 to 30 inches deep. Neither of two tile lines was
carrying water when examined in 1923 and 1940. There were
only slight differences in appearance of the tile from raw peat
(pH-7.1) and those from mineral soil. In 1940, the degree of etch-
ing of the interiors was 1 for tile from mineral soil and 0 for
tile from peat, while for the exteriors it was 1 in both soils.

Location No. 9—Same as Location BB—SE1/4, NW1/2, Sec. 2,
T6N, R9E, Dane County, installed 1914. Four-inch tile were 31/2
feet deep in raw peat (pH-5.9) . The check tile were only about
2 feet deep in clay soil. There was a strong odor of ELS in the.
excavations in peat. Many of the tile in peat were badly etched
in 1923 and were nearly all disintegrated in 1940, while the de-
gree of etching for those from mineral soil was 0 for the interiors
and 1 for the exteriors. The experimental tile and cylinders in-
stalled on this tract were covered with water nearly all the time.

Location No. 10—NE1/4, SE1/4, Sec. 29, T8N, R11E, Dane
County, installed 1919. These 10-inch tile were about 31/2 feet
deep. There was a small flow of water in the tile when examined
in 1923, but none in 1940 although the tile were clean and ap-
parently functioning satisfactorily. The peat (p11-6.6) was fairly
well decomposed, with a surface covering of productive muck.
The degree of etching in 1940 was 0 for the interiors and 1 for
the exteriors of the tile in both mineral soil and peat.

Location No. 11—NW1/4, SW1/4, Sec. 9, T9N, R11E, Dane
County, installed 1920. The 5-inch tile in peat (pH-7.2) had a
covering of only about 8 inches. The check tile were laid .at a
depth of 26 inches in yellow clay, with a 10-inch overburden of
black clay. It is doubtful that the tile in peat ever carried water
much of the time. The degree of disintegration in 1940 was 0
for the interiors and 4 for the exteriors of the tile in both min-
eral soil and peat.

Location No. 12—NW1/4, Sec. 13, T5N, R16E, Jefferson County,
installed 1917. Various degrees of corrosion of tile were noted
at five places in this system. Six-inch tile in black peat, a branch
of the upper end of an 8-inch main, were so badly disintegrated
in 1923 that no whole tile were found. These were replacement
tile that had been installed only six years before the 1923 ex-



12 MINNESOTA TECHNICAL BULLETIN 180

aminations. The original tile line failed after four years of service.
Results of tests of 6-inch tile from another part of this system are
reported in table 1. These tile were in peat that was black and
partially decomposed (pH-6.4) . The check tile were in a clayey
sand (pH-7.7) , with peat at the surface. The degree of etching of
the tile from both mineral soil and peat in 1940 was 0 for the
interiors and 4 for the exteriors.

II. EXPERIMENTAL DRAIN TILE IN. PEATS AND
MINERAL SOILS

Locations

The analyses of tables 2 and 3 and the following brief descrip-
tions give a fairly comprehensive picture of conditions to which
experimental specimens were subjected at the various sites.

A. University Farm, St. Paul, Minnesota. Productive, well-
drained experimental field plots on silt loam soil. Check installa-
tions of drain tile and cylinders were laid 41/2 feet deep, adjacent
to a functioning tile line. Specimens were damp but never very
wet, except for periods of short duration.

B. Coon Creek, Anoka County, Minnesota. Fairly well-decom-
posed high-lime reed and sedge peat with considerable sedimen-
tary material. Land has been in hay but drainage was poor
throughout the experiments. Concrete tile and cylinders were
installed 3 feet deep and were continuously wet until tested.
The experimental specimens were installed near a concrete tile
line laid in 1918 in which examinations made in 1921 had dis-
closed that the surfaces of many of the tile were badly etched.
These tile are reported to have had absorptions around 14 per
cent and to have been low in strength and poorly cured when
installed (3).

C. Karlstad, Kittson County, Minnesota. Shallow, fairly well
decomposed, high-lime, grassy peat underlaid by marly clay. The
peat is so thin on this tract that the specimens were installed
only about 11/2 feet deep, just above the clay subsoil. Drainage
is fair and, at the depth the specimens were installed, they were
continuously moist but were not covered by water much of the
time. This tract of land is between latitude 48° and 49° north
and, because of the shallow depth at which the specimens were
laid, they were in frozen soil between a third and half of the time.

D. Grand Rapids, Itasca County, Minnesota. Deep, raw, woody,
low-lime peat. Experimental cylinders were installed in unculti-



Table 2. Analyses of Soil Samples

Installation
Moisture

as
received

Moisture
air-dried

105°410° C.
pH

values

Acidity,
Truog
method

Total
calcium

oxide (CaO)
Total
sulfur

Total
organic
matter

Total
soluble
salts

D Grand Rapids, Minn. 85.16 12.95 4.1 0.027 0.83 0.47 93.34 0.07

DD Marshfield. 75.13 14.18 4.3 0.096 0.92 0.69 63.34 0.06

6.24 0.25 4.9 0.013 0.40 0.035 Trace 0.02

CC Coddington, 79.75 11.90 5.1 0.010 1.95 2.01 53.85 0.51

DD Phillips,

A Univ. Farm,

70.28
24.19

16.90
4.87

5.4
5.4

0.015
0.008

3.16
1.50

1.22
0.13

62.93
5.93

0.14
0.04

BB Beebe Estate, Wis 81.01 16.92 5.9 0.013 5.26 3.61 73.59 0.99

B Coon Creek, 81.19 5.45 8.0 • 0.010 6.94 1.25 59.40 0.46

58.29 10.70 8.2 0.003 8.28 0.72 27.27 0.16

AA Univ. Marsh, Wis. ..... 26.67 2.38 8.2 0.003 3.48 0.07 Trace 0.04

Note: Each result is the average of several samples taken in different years.
 All values are in per cent on oven-dry basis.

Table 3. Analyses of the Soluble Salts Shown in the Last Column of Table 2

Installation Total salts Ca as CaO Mg as MgO S03 as SO4 Na as Na20 K as K20

D Grand Rapids, Minn. ................................................................. 0.07 0.043 0.014 0.023 0.013 0.013

DDi Marshfield, 0.06 0.021 0.010 0.029 0.017 0.003

DD3 Wilson, N. 0.02 ............ ....... ..... •••••..••••• ............ ............

0.51 0.125 0.047 0.309 0.022 0.004

DD2 Phillips, 0.14 0.046 0.047 0.038 0.017 0.002

A Univ. Farm, 0.04 ............ ............ ............ ............

BB Beebe Estate, Wis. ........................................................................... 0.99 0.224 0.086 0.658 0.020 0.005

B Coon Creek, Minn. ............m............................................ ..... ........... 0.46 0.161 0.019 0.260 0.015 0.005

0.16 0.071 0.0435 0.078 0.013 0.009

0.04 •••••••••••• ............

Note: All values are in per cent on oven-dry basis.
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vated peat adjacent to a concrete tile line laid in 1910 and relaid
in 1918 because of disintegration of many of the tile. Specimens
were buried about 31/2 feet deep and were below ground-water
level practically the whole period of exposure.

AA. University Marsh, Madison, Wisconsin. Clay soil and sub-
soil. Check installations of cylinders and drain tile were laid
3 feet deep toward the upper end of a smooth uncultivated pasture
with fairly good slope. The site has good natural drainage al-
though there probably is considerable lateral movement of seep-
age water from higher land to the west. The specimens were not
continuously covered by water, but, whenever examined, water
was usually in the bottom of the trench.

BB. Same as Location 9. Beebe Estate, Dane County, Wis-
consin. Deep, raw, high-lime peat with clay subsoil. Cylinders
and drain tile were laid 31/2 feet deep in the peat and were con-
tinuously covered with water. All specimens were adjacent to a
line of 4-inch concrete tile, laid in 1914, in which many of the
tile were in bad condition in 1923 and had fully disintegrated by
1940. Refer to tables 2 and 3 for soil analyses. This old tile line
did not function satisfactorily almost from the beginning of the
experiments, and usually provided no drainage whatever.

CC. Coddington, Portage County, Wisconsin. This is a raw
• sedge and grass peat with a sand subsoil. At the point of installa-
tion of the specimens the peat is 41/2 to 5 feet deep. The cylinders
were laid 31/2 feet deep and at all times were in wet peat when
not actually covered with water.

DD. Three installations were made under this designation as
follows:

(1) Marshfield, Marathon County, Wisconsin. Deep, raw, low-
lime peat with clay subsoil. Cylinders were laid 31/2 feet
deep and were at all times covered with water. The natu-
ral drainage of this site was very poor, and the location
proved highly unsatisfactory because of overflow water
during so many seasons. As a result, the untested cylin-
ders of the 32 crates containing series 187-206, 213-227,
230-242, 316-350, 356-360, 481-540, and 644-653, were trans-
ferred beginning in 1929 and after 5 years' exposure at
Marshfield, ,to Phillips, Wisconsin.

(2) Phillips, Price County, Wisconsin. Low-lime raw peat
about 3 feet deep. The cylinders that were moved to this
site after five years at Marshfield were installed about 20
inches deep. This site is a cultivated truck garden al-
though drainage has not been satisfactory at all times.
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The cylinders were moist throughout the experiments,

and at times were covered with water.

(3) Wilson, Wilson County, North Carolina. This is an acid

mineral soil in which commercially made concrete drain

tile had failed by disintegration. Cylinders from the 18

series, 871-910, 914-933, 936-960, and 971-975, were in-
stalled at Wilson and were the ones that normally would
have been installed at Marshfield or Phillips, Wisconsin.

The pH determinations of soils from locations at Marshfield,
Phillips, and Wilson had respective values of 4.3, 5.4, . and 4.9.

Soil Analyses
Determinations of pH values of the subsoils from the various

installations, as reported in tables 2 and 3, were made by the
Division of Soils of the University of Minnesota. The Department

of Soils of the University of Wisconsin closely cooperated in the
early phases of the work in Wisconsin, and it was largely due to

its suggestions that the other determinations reported in table 2

were made. However, credit for actually making all the deter-
minations reported in both table 2 and table 3, excepting the pH
values of table 2, is entirely due to the Bureau of Soils, now a
part of the Bureau of Plant Industry, Soils and Agricultural Engi-
neering, United States Department of Agriculture.

Manufacture of Experimental Tile
The significant variables in the manufacture of these experi-

mental tile, together with absorption and strength tests previous
to installation, and after having been exposed in mineral and
peat soils for periods up to 21 years, are reported in tables 4, 5,
6, and 7. All tile were of 1-3 mixes by volume excepting only
those of high alumina cement of table 7, which were 1-4 mixes
by volume. The portland cement tile were of 5- and 6-inch diam-
eters, while all the high alumina cement tile were of 6-inch
diameters. A brief summary of the variables included in these
tests follows. Except that all materials used in the manufacture
of the experimental tile were weighed, there was no intentional
departure from the routine ordinarily followed at any plant.

Manufacturing Plants, Aggregates, and Exposures. (See
table 4.1) In 1924 tile. were made at a Wisconsin plant and in-

stalled in Wisconsin; in 1925 tile were made at the same Wis-
consin plant and installed in Minnesota while, also in 1925, tile

were made at a Minnesota plant and installed in Minnesota.

1 Tables which do not appear in the text proper may be found at the end of
each section.

r
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Curing. (See table 5.) The six curing conditions of these tile
ranged from two days in water and 25 days in air to three days
in water vapor at 200° F. and 25 days in air.

Admixtures and Curing Conditions. (See table 6.) Three of the
six lots of tile contained calcium chloride, and one lot contained
a product consisting of about 90 per cent metallic iron and 10 per
cent a fine-grain clay-like siliceous material. One lot of tile with-
out any admixture was subjected to one of the two curing vari-
ables of the series.

High Alumina Cement. (See table 7.) One lot of 6-inch tile was
made of high alumina cement at a Wisconsin plant in the fall of
1924 and installed in mineral and peat soils in Wisconsin. A sec-
ond lot of 6-inch tile made in 1925 at the same Wisconsin plant
and a third lot of 5-inch tile made at a Minnesota plant in 1925
were both installed in mineral and peat soils in Minnesota.

High-Quality Commercial Tile. (See table 8.) The tile installed
in the two peats formed parts of functioning tile lines, while
those in mineral soil were not near a drain. After 22 years' ex-
posure, the degree of etching on the exteriors of the tile and on
the interiors below the ordinary flow line was 0, 1, and 3, respec-
tively, for those in mineral -soil, those in peat with a pH of 5.9,
and those in peat with a pH of 51. Refer to figure 1 for the key
to these visual ratings and to figure 2 for views of sections of the
12-inch tile from the three locations. Using the test results of the
tile in mineral soil at Location AA as unity, a strength loss of
4 per cent occurred at Location BB with a pH of 5.9, whereas a
loss of 33 per cent occurred at Location CC where the pH dropped
to 5.1. As expected, the water absorption of the tile increased as
the strength decreased, until at 22 years the absorption of the
tile at Location CC had risen to 7.9 per cent from a low of 5.7
per cent at Location AA.

Results of Tests of Experimental Tile

None of the variables introduced in the manufacture of the
experimental tile of tables 5 and 6 greatly changed the trends in
either peat or mineral soil, nor were the trends greatly altered
by the use of high alumina cement in the tile of table 7. As plotted
in figures 3 and 4, the showings for the high alumina cement tile
were not essentially different from those of portland cement. But
it should be noted that the high alumina cement tile were of 1-4
mixes, whereas the portland cement tile were of 1-3 mixes, and



FIG. 2. Characteristic fragments of the 12x30-inch tile reported on in table 8 after exposure for 22 years.
From left to right, the pieces came from tile in mineral soil with a pH of 8.2, peat with a pH of 5.9, and peat with a pH of 5.1. Tile fromwhich the center fragment came was installed at Location 9, same as BB, where poor-quality 4-inch concrete tile wholly disintegrated within sevenyears.
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allowance should be made for this when comparing the behavior

of tile of high alumina and portland cements.

Throughout all the tests of drain tile and cylinders upon which

this report is based, the data show that only as the periods of

exposure in peat approached 20 years was loss in strength of the

better-quality concretes of enough magnitude to be significant.

From a practical standpoint, the data of tables 6 and 8 would

seem to justify the conclusion that concrete tile should be at least

as good as that of Extra-Quality Drain Tile of the Standard

Specifications for Drain Tile, C4-24, of the American Society for

Testing Materials. These specifications for Extra-Quality Drain

Tile require a minimum average supporting strength of 1,600

pounds per foot of length, and an average maximum absorption

not to exceed 9 per cent after 5-hour boiling following oven-drying

at 230° F. The data indicate that the absorption could well be

held to 8 per cent or less, instead of 9 per cent.
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That concrete drain tile of even the smallest diameters can
be made commercially which will meet the A.S.T.M. requirements
for extra-quality drain tile is clearly shown by the tests of
table 9. Note that although these tile were only 4 inches in diam-
eter, they averaged considerably above the strength requirement
of 1,600-pounds per linear foot, and had an average absorption
of but 6.1 per cent. These tile had an average wall thickness of
9/16 inches, an average weight of 8.1 pounds, and were made of
1 part cement to 3.6 parts, by weight, of the aggregate with sieve
analyses shown in table 9.



Table 4. Tests of Experimental Concrete Drain Tile Made with Portland' Cement after Installation in Mineral and Peat 
Soils

in Wisconsin and Minnesota for Periods up to 19 Years

Lab.
No.

Location
No.

No.
Conditions of exposure tile

tested
Age Average

absorption

Average
supporting
strength

Strength
ratio

(A) Five-inch tile made in Wisconsin-October 27, 1924-Mix 1-3, by volume

Per cent Lb. per lin. ft. Per cent

4534-47 Stock pile 45 days 9.1 1,310 .........

5418-22 AA Mineral soil in Wisconsin (pH-8.2) ...................................•••••••••••••••••••••••••••••••••••••••••••••••••----- 5 3 yrs. 7.4 2,350 100

6161-65 AA Mineral soil in Wisconsin (pH-8.2) ..... •••••••••••••••••••••••••••••••••••••••••---- 5 5 yrs. 7.7 2,571 100

6928-33 AA
...................................

Mineral soil in Wisconsin (pH-8.2) ...................................................................-..........--.......-- 5 11 yrs. 2,180 100

8470-74 AA Mineral soil in Wisconsin (pH-8.2) ...............................................................................................- 5 16 yrs. 7.7 2,110 100

5423-27 BB 5 3 yrs. 7.2 1,760 75

6171-75 BB Peat in Wisconsin (pH-5.9) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 5 yrs. 8.1 1,910 74

6939-43 BB Peat in Wisconsin (pH-5.9) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 • 11 yrs. 1,630 75

8480-85 BB Peat in Wisconsin (pH-5.9) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••„•••••••••••••••••••••••••••••••••• 6 16 yrs. 9.0 1,370 65

(B) Five-inch tile made in Minnesota-August 17, 1925-Mix 1-3, by volume

4948-57 Stock pile 4 mo. 10.1 1,260 •••••••••

5087-91 A Mineral soil in Minnesota (pH-5.4) 5 1 yr. 9.0 1,540 100

5977-81 A Mineral soil in Minnesota (pH-5.4) ......•••••••••••••••••••• ..... •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 3 yrs. 8.5 1,480 100

6507-11 A Mineral soil in Minnesota (pH-5.4) 5 5 yrs. 8.9 1,590 100

6994-98 A Mineral soil in Minnesota (pH-5.4) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 10 yrs. ......... 1,660 100

9368-72 A Mineral soil in Minnesota (pH-5.4) ......................-........••••••••••••••••••••••••••••••••••••------ 5 19 yrs. 8.9 1,310 100

5106-10 B 5 1 yr. 9.4 1,570 102

5937-41 B Peat in Minnesota (pH-8.0) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 3 yrs. 9.5 1,520 103

6489-93 B Peat in Minnesota (pH-8.0) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••. 5 5 yrs. 10.5 1,370 86

6979-83 B Peat in Minnesota (pH-8.0) 5 10 yrs. 1,060 64

9348-52 B Peat in Minnesota (pH-8.0) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••• ..... •••••••• 5 19 yrs. 10.1 890 68

(C) Five-inch tile made in Wisconsin-August 25-30, 1925-Mix 1-3, by volume

4972-81 ......... 10 3 mo. 9.4 1,620

5097-01 A Mineral soil in Minnesota (pH-5.4) ..........................................................................------ 5 1 yr. 9.4 2,120 •••••••••

5987-91 A Mineral soil in Minnesota (pH-5.4) ••••••••••••••••••••••••••••••••••••••••............••••••••••••••••••••••••••••••••••••••••••••••• 5 3 yrs. 7.9 1,920 .........

6517-21 A Mineral soil in Minnesota (pH-5.4) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••• 5 5 yrs. 8.1 2,080 100

7004-08 A Mineral soil in Minnesota (pH-5.4) •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.• 5 10 yrs. 2,080 .••••••••

9358-62 A Mineral soil in Minnesota (pH-5.4) - ...... '""""'"--"'""-----"-- 
5 19 yrs. 8.1 1,850 100

6499-02 B 4 5 yrs. .•••••••• 1,980 95

9340-43 B 4 19 yrs. 9.5 1,330 72

Note: Bases for strength ratios of tile from peat are check tile of same ages from mineral soil.



Table 5. Tests of Variously Cured Experimental Concrete Drain Tile after Installation in Mineral and Peat Soils

in Minnesota for Periods up to 21 Years

Lab.
No.

Loca-
tion
No.

Curing variables

Conditions of exposure
No.
tile

tested
Age Average

absorption

Average
supporting
strength

Strength
ratioMoist

room Water Water vapor Air

(D) Six-inch tile made in Minnesota-September 14, 1923-Mix 1-3, by volume
Per cent Lb. per lin. ft. Per cent

2427-36 1 day 2 days ..•.•..••••.•..•••••...••••..•..•••..•••.• 25 days 28 days 10.3 800

2437-46 1 day 20 day-s .......................................... 7 days 28 days 10.7 760

2447-56 1-6 hrs. ..................... 2 days-100° F. 26 days 28 days 9.6 780

2457-66 1-6 hrs. 3 days-100° F. 25 days 28 days 10.2 810

2467-76 1-6 hrs. ..................... 2 days-200° F. 26 days 28 days 11.1 500

2477-86 ......... 1-6 hrs. ..................... 3 days--200° F. 25 days 28 days 9.6 880 .........

4368-72 A 1 day 2 days .......................................... 25 days Mineral soil in Minn. (pH-5.4)................. e' 5 1 year 8.7 1,240 100

4373-77 A 1 day 20 days .......................................... 7 days Mineral soil in Minn. (pH-5.4)................. 5 1 year 9.7 1,270 100

4378-82 A 1-6 hrs. ..................... 2 days-100° F. 26 days Mineral soil in Minn. (pH-5.4)................• 5 1 year 9.3 1,230 100

4383-87 A 1-6 hrs. 3 days-100° F. 25 days Mineral soil in Minn. (pH-5.4)................. 5 1 year 8.9 1,260 100

4388-92 A 1-6 hrs. 2 days-200° F. 26 days Mineral soil in Minn. (pH-5.4)................. 5 1 year 10.0 1,150 100

4393-97 A 1-6 hrs. ..................... 3 days-200° F. 25 days Mineral soil in Minn. (pH-5.4)................. 5 1 year 9.2 1,180 100

.................. B 1 day 2 days .......................................... 25 days Peat soil in Minn. (pH-8.0).......................... None .................. ......... ............ ..... ....

4398-02 B 1 day 20 days ..••••••••••••••••••••••••••••••••••.••••. 7 days Peat soil in Minn. (pH-8.0).......................... 5 1 year 9.9 1,120 88

4403-09 B 1-6 hrs. ..................... 2 days-100° F. 26 days Peat soil in Minn. (pH-8.0).......................... 7 1 year 9.8 1,200 98

4410-15 B 1-6 hrs. ••••.•••.•••••••••••. 3 days-100° F. 25 days Peat soil in Minn. (pH-8.0).......................... 6 1 year 9.3 1,130 90

4416-18 B 1-6 hrs. 2 days-200° F 26 days Peat soil in Minn. (pH-8.0).......................... 3 1 year 9.3 970 84

4419-26 B 1-6 hrs. ..................... 3 days-200° F. 25 days Peat soil in Minn. (pH-8.0) ......................... 8 1 year 9.3 1,050 89

5942-46 A 1 day 2 days 25 days Mineral soil in Minn. (pH-5.4) ................ 5 5 years 9.2 1,350 100

5947-51 A 1 day 20 days •••••••••••••••••••••••••••••••••••••••••• 7 days Mineral soil in Minn. (pH-5.4) ................ 5 5 years 9.5 1,300 100

5952-56 A 1-6 hrs. ..................... 2 days-100° F. 26 days Mineral soil in Minn. (pH-5.4) ................ 5 5 years 9.1 1,380 100

5957-61 A 1-6 hrs. ••••••••.•••••••••••. 3 days-100° F. 25 days Mineral soil in Minn. (pH-5.4)................. 5 5 years 8.4 1,520 100

5962-66 A 1-6 hrs. .•••••••••••••••••••. 2 days-200° F. 26 days Mineral soil in Minn. (pH-5.4). ..... ........... 5 5 years 10.2 1,360 100

5967-71 A 1-6 hrs. ..................... 3 days-200° F. 25 days Mineral soil in Minn. (pH-5.4)................. 5 5 years 8.3 1,500 100

5902-06 B 1 day 2 days .........................................• 25 days Peat soil in Minn. (pH-8.0).......................... 5 5 years 8.9 1,280 95

5907-11 B 1 day 20 days .......................................... 7 days Peat soil in Minn. (pH-8.0).......................... 5 5 years 8.4 1,240 95

5912-16 B 1-6 hrs. ..................... 2 days-100° F. 26 days Peat soil in Minn. (pH-8.0).......................... 5 5 years 9.6 1,210 88

5917-21 B 1-6 hrs. .•••••.•••••••..••••. 3 days-100° F. 25 days Peat soil in Minn. (pH-8.0).......................... 5 5 years 9.1 1,140 75

Note: Bases for strength ratios of tile from peat are check tile of same ages from mineral soil.



Table 5. Tests of Variously Cured Experimental Concrete Drain Tile after Installation in Mineral and Peat Soils
in Minnesota for Periods up to 21 Years-Continued

Lab.
No.

Loca-
tion
No.

Curing variables

Conditions of exposure
No.
tile

tested
Age Average

absorption

Average
supporting
strength

Strength
ratio

Moist
room Water Water vapor Air

(D) Six-inch tile made in Minnesota--September 14, 1923-Mix 1-3, by volume
Per cent Lb. per lin. ft. Per cent

5922-26 B 1-6 hrs. 2 day -200° F. 26 days Peat soil in Minn. (pH-8.0) ......................... 5 5 years 10.2 1,200 88
5927-31 B 1-6 hrs. .................... 3 days-200° F. 25 days Peat soil in Minn. (pH-8.0) ........................ 5 5 years 8.7 1,360 91
6811-15 A 1 day 2 days 25 days Mineral soil in Minn. (pH-5.4)................. 5 11 years 1,380 100
6816-20 A 1 day 20 days .......................................... 7 days Mineral soil in Minn. (pH-5.4) ................ 5 11 years 1,220 100
6791-95 A 1-6 hrs. ..................... 2 days-100° F. 26 days Mineral soil in Minn. (pH-5.4) ................ 5 11 years 1,220 100
6796-00 A 1-6 hrs. 3 days-100° F. 25 days Mineral soil in Minn. (pH-5.4) ................ 5 11 years ......... 1,340 100
6801-05 A 1-6 hrs. 2 days-200° F. 26 days Mineral soil in Minn. (pH-5.4)................. 5 11 years ......... 1,140 100
6806-10 A 1-6 hrs. ................... 3 days--200° F. 25 days Mineral soil in Minn. (pH-5.4) ................ 5 11 years ......... 1,370 100
6841-45 B 1 day 2 days .......................................... 25 days Peat soil in Minn. (pH-8.0) ......................... 5 11 years 1,070 77
6846-50 B 1 day. 20 days .......................................... 7 days Peat soil in Minn. (pH-8.0) ......................... 5 11 years 1,160 95
6821-25 B 1-6 hrs. ..................... 2 days-100° F. 26 days Peat soil in Minn. (pH-8.0) ......................... 5 11 years 1,010 83
6826-30 B 1-6 hrs. 3 days-100° F. 25 days Peat soil in Minn. (pH-8.0) ......................... 5 11 years 980 73
6831-35 B 1-6 hrs. •••••••••••••••• ..... 2 days-200° F. 26 days Peat soil in Minn. (pH-8.0).......................... 5 11 years 1,070 94
6836-40 B 1-6 hrs. ..................... 3 days-200° F. 25 days Peat soil in Minn. (pH-8.0) ......................... 5 11 years ......... 1,200 88
9250-54 A 1 day 2 days 25 days Mineral soil in Minn. (pH-5.4) ................ 5 21 years 9.2 1,260 100
9255-59 A 1 day 20 days .......................................... 7 days Mineral soil in Minn. (pH-5.4) ................ 5 21 years 8.6 1,380 100
9260-64 A 1-6 hrs. ..................... 2 days-100° F. 26 days Mineral soil in Minn. (pH-5.4) ................ 5 21 years 8.5 1,190 100
9265-69 A 1-6 hrs. 3 days-100° F. 25 days Mineral soil in Minn. (pH-5.4) ................ 5 21 years 7.6 1,300 100
9270-74 A 1-6 hrs. ..................... 2 days-200° F. 26 days Mineral soil in Minn. (pH-5.4) ................ 5 21 years 9.1 1,260 100
9275-79 A 1-6 hrs. ..................... 3 days--200° F. 25 days Mineral soil in Minn. (pH-5.4) ................ 5 21 years 8.9 1,260 100
9295-29 B 1 day 2 days •••••••••••••••••••••••••••••••••••••••••• 25 days Peat soil in Minn. (pH-8.0) ........................ 10 21 years 10.6 670 53
9280-14 B 1 day 20 days .........._............................. 7 days Peat soil in Minn. (pH-8.0) ........................ 10 21 years 11.0 580 42
9290-24 B 1-6"hrs. ..................... 2 days-100° F. 26 days Peat soil in Minn. (pH-8.0).......................... 8 21 years 10.6 710 60
9305-39 B 1-6 hrs. 3 days-100° F. 25 days Peat soil in Minn. (pH-8.0) ......................... 10 21 years 10.2 660 51
9285-19 B 1-6 hrs. ••••••••••••••••••••• 2 days-200° F. 26 days Peat soil in Minn. (pH-8.0).......................... 9 21 years 11.6 690 55
9300-34 B 1-6 hrs. 3 days-200° F. 25 days Peat soil in Minn. (pH-8.0) ........................ 10 21 years 10.4 720 57

Note: Bases for strength ratios of tile from peat are check tile of same ages from mineral soil.



Table 6. Tests of Water-Vapor-Cured Experimental Concrete Drain Tile Containing Admixtures after

Installation in Minnesota Mineral Soil and Wisconsin Peat for Periods up to 12 Years

Loca- Variables
Lab. tion
No. No. Admixtures Curing

Conditions of exposure
No. Average
tile Age Average supporting Strength

tested absorption strength ratio

Per cent Lb. per lin. ft. Per cent
(E) Five-inch tile made in Wisconsin—May, 1932—Mix 1-3, by volume

6635-39
6640-44
6645-48
6649-53
6654-56 .••••••..

None
2% CaC1,,
4% CaC12
4% CaCl2

5% Metallic iron

48 hrs. at 130° F.
48 hrs. at 130° F.
48 hrs. at 130° F.
48 hrs. at 85° F.
48 hrs. at 130° F.

6657-59 ......... None 48 hrs. at 85° F.

6729-33 A None 48 hrs. at 130° F.

6734-38 A 2% CaC12 48 hrs. at 130° F.

6739-43 A 4% CaC12 48 hrs. at 130° F.

6744-48 A 4% CaC12 48 hrs. at 85° F.

6749-53 A 5% Metallic iron 48 hrs. at 130° F.

6754-58 A None 48 hrs. at 85° F.

6675-78 BB None 48 hrs. at 130° F.

6679-82 BB 2% CaC12 48 hrs. at 130° F.

6683-86 BB 4% CaCl2 48 hrs. at 130° F.

6687-90 BB 4% CaC1,, 48 hrs. at 85° F.

6691-94 BB 5% Metallic iron 48 hrs. at 130° F.

6695-98 BB None 48 hrs. at 85° F.

7266-69 A None 48 hrs. at 130° F.

7270-73 A 2% CaC12 48 hrs. at 130° F.

7274-77 A 4% CaCl2 48 hrs. at 130° F.

7278-81 A 4% CaCl2 48 hrs. at 85° F.

7282-85 A 5% Metallic iron 48 hrs. at 130° F.

7286-89 A None 48 hrs. at 85° F.

7242-45 BB None 48 hrs. at 130° F.

7246-49 BB 2% CaCl2 48 hrs. at 130° F.

7250-53 BB 4% CaCl2 48 hrs. at 130° F.

Mineral soil in Minnesota (pH-5.4)..................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Peat soil in Wisconsin (pH-5.9)..........................

Peat soil in Wisconsin (pH-5.9)........................

Peat soil in Wisconsin (pH-5.9)..........................

Peat soil in Wisconsin (pH-5.9)..........................

Peat soil in Wisconsin (pH-5.9)..........................

Peat soil in Wisconsin (pH-5.9)..........................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Mineral soil in Minnesota (pH-5.4).................

Peat soil in Wisconsin (pH-5.9)..........................

Peat soil in Wisconsin (pH-5.9)..........................

Peat soil in Wisconsin (pH-5.9)..........................

5
5
4
5
3
3

19 weeks
19 weeks
19 weeks
19 weeks
19 weeks
19 weeks

7.9
7.6
7.0
7.7
8.2
8.2

1,880
1,900
1,930
1,890
1,840
1,980

.........

.........

5 1 year 7.8 2,190 100

5 1 year 7.3 2,140 100

5 1 year 6.3 2,230 100

5 1 year 7.3 2,230 100

5 1 year 7.3 2,240 100

5 r• 1 year 7.3 2,300 100
4 1 year 8.0 2,240 102
4 1 year 7.2 2,210 103
4 1 year 7.0 2,130 96
4 1 year 7.7 2,230 100
4 1 year 7.9 2,200 98
4 1 year 7.8 2,320 101
4 5 years 1,980 100
4 5 years ......... 2,180 100
4 5 years ......... 2,310 100
4 5 years ......... 2,250 100
4 5 years 2,320 100
4 5 years 2,340 100
4 5 years ......... 2,170 110
4 5 years ......... 2,100 96
4 5 years 2,130 92

Note: Bases for strength ratios of tile from peat are check tile of same ages from mineral soil.



Table 6. Tests of Water-Vapor-Cured Experimental Concrete Drain Tile Containing Admixtures
after Installation in Minnesota Mineral Soil and Wisconsin Peat for Periods up to 12 Years—Continued

Loca- Variables
Lab. tion
No. No. Admixtures Curing

Conditions of exposure

(E) Five-inch tile made In Wisconsin—May, 1932---Mix 1-3, by volume
7254-57 BB 4% CaC12 48 hrs. at 85° F. Peat soil in Wisconsin (pH-5.9).......................... 4 5 years 99

7262-65 BB None 48 hrs. at 85° F. Peat soil in Wisconsin (pH-5.9) .......................... 4 
......... 

2,230

94

7258-61 BB 5% Metallic iron 48 hrs. at 130° F. Peat soil in Wisconsin (pH-5.9).......................... 4 5 years 
.••••••••

99

5 years 

2,300

9386-89 A 2% CaC12 48 hrs. at 130° F. Mineral soil in Minnesota (pH-5.4)................. 4 12 years 6.6 

2,210

100

48 hrs. at 130° F. Mineral soil in Minnesota (pH-5.4)................. 4 12 years 
.........
6.6

9378-81 A None 100

9394-97 A 4% CaCl2 48 hrs. at 130° F. Mineral soil in Minnesota (pH-5.4)................. 4 12 years 6.1 

1,990

100
9402-05 A 4% CaCl2 48 hrs. at 85° F. Mineral soil in Minnesota (pH-5.4)................. 4 12 years 6.7 

1,990

100
9410-13 A 5% Metallic iron 48 hrs. at 130° F. Mineral soil in Minnesota (pH-5.4)................. 4 12 years 6.6 

1,940

100
9418-21 A None 48 hrs. at 85° F. Mineral soil in Minnesota (pH-5.4)................. 4 12 years 6.3 

2,140
1,990

100

9389-93 BB '2% CaC12 48 hrs. at 130° F. Peat soil in Wisconsin (pH-5.9).......................... 4 12 years 7.3 

2,100

90

9382-85 BB None 10348 hrs. at 130° F. Peat soil in Wisconsin (pH-5.9).......................... 4 12 years 7.2

9398-01 BB 4% CaCl2 48 hrs. at 130° F. Peat soil in Wisconsin (pH-5.9).......................... 4 12 years 6.7 

2,040

96
9406-09 BB 4% CaCl2 48 hrs. at 85° F. Peat soil in Wisconsin (pH-5.9) .......................... 4 12 years 8.1 

1,790

87
9414-17 BB 5% Metallic iron 48 hrs. at 130° F. Peat soil in Wisconsin (pH-5.9) ..._.................... 4 12 years 7.2 

1,870

91
9422-25 BB None 48 hrs. at 85° F. Peat soil in Wisconsin (pH-5.9).......................... 4 12 years 7.0 1,930

1,740
1,950

92

No. Average
tile Age Average supporting Strength

tested absorption strength ratio

Per cent Lb. per lin. ft. Per cent

Note: Bases for strength ratios of tile from peat are check tile of same ages from mineral soil.



Table 7. Tests of Experimental Concrete Drain Tile Made with High Alumina Cement after Installation in Mineral and Peat Soils

in Wisconsin and Minnesota for Periods up to 19 Years

Lab.
No.

Loca-
tion
No.

Conditions of exposure
No.
tile

tested
Age Average

absorption

Average
supporting
strength

Strength
ratio

(F) Six-inch tile made in Wisconsin—October 1, 1924
Per cent Lb. per lin. ft. Per cent

4520-27 8 2 months 9.3 1,540 .........

4528-32 ......... 5 3 months 8.5 1,560 .........

5408-12 AA Mineral soil in Wisconsin (pH-8.2)................................................................................................................. 5 3 years 7.9 1,850 100

6166-70 AA Mineral soil in Wisconsin (pH-8.2).............................................. ..... .............................................................. 5 5 years 8.3 1,890 100

6934-38 AA Mineral soil in Wisconsin (pH-8.2).......... ..... .................................................................................................. 5 11.years ......... 1,890 100

8475-79 AA Mineral soil in Wisconsin (pH-8.2)................................................................................................................. 5 16 years 7.7 1,710 100

5413-17 BB 5 3 years 7.4 1,590 86

6176-80 BB 5 5 years 8.3 1,700 90

6044-48 BB Peat in Wisconsin (pH-5.9) 5 11 years 1,510 80

8486-90 BB
.

Peat in Wisconsin (pH-5.9) 5 16 years
r•

8.1 1,330 78

(G) Six-inch tile made in Minnesota—September 28, 1925

4938-47 .•••••••• 1 month 10.4 1,180 .........

5082-86 A Mineral soil in Minnesota (pH-5.4)................................................................................................................. 5 1 year 9.4 1,270 100

5972-76 A Mineral soil in Minnesota (pH-5.4) ................................................................................................................ 5 3 years 9.1 1,460 100

6512-16 A Mineral soil in Minnesota (pH-5.4) ................................................................................................................ 5 5 years 9.1 1,470 100

6939-93 A Mineral soil in Minnesota (pH-5.4)........................................................................................................-....... 5 10 years ......... 1,270 100

9373-77 A Mineral soil in Minnesota (pH-5.4).... ..... .............................................. ..... ..................................................... 5 19 years 9.2 1,160 100

5102-05 B 4 1 year 10.1 1,440 113

5932-36 B Peat in Minnesota (pH-8.0). 5 3 years 9.4 1,280 88

6494-98 B 5 5 years 9.8 1,270 86

6984-88 B 5 10 years ......... 1,010 80

9353-57 B 5 19 years 9.9 710 61

Note: Bases for strength ratios of tile from peat are check tile of same ages from mineral soil.



Table 7. Tests of Experimental Concrete Drain Tile Made with High Alumina Cement after Installation in Mineral and Peat Soils
in Wisconsin and Minnesota for Periods up to 19 Years—Continued

Lab.
No.

Loca-
tion
No.

Conditions of exposure
No.
tile

tested
Age Average

absorption

Average
supporting
strength

Strength
ratio

(H) Five-inch tile made in Wisconsin-October 26, 1925

Per cent Lb. per lin. ft. Per cent

4962-71 Stock pile month 9.6 . 1,310 .........
5092-96 A Mineral soil in Minnesota (pH-5.4)................................................................................................................. 5 1 year 9.1 1,920 100
5982-86 A Mineral soil in Minnesota (pH-5.4)................................................................................................................. 5 3 years 9.1 1,780 100
6522-26 A Mineral soil in Minnesota (pH-5.4)................................................................................................................. 5 5 years 9.0 1,740 100
6999-03 ./..1- Mineral soil in Minnesota (pH-5.4) ................................................................................................................ 5 10 years ......... 1,660 100
9363-67 A Mineral soil in Minnesota (pH-5.4) ................................................................................................................ 5 19 years 8.4 1,530 100
6503-06 B 5 years 9.6 1,770 102
9344-47 B' 19 years 9.2 990 67

Note: Bases for strength ratios of tile from peat are check tile of same ages from mineral soil.
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Table 8. Tests of Commercial Concrete Drain Tile after Exposures for 22 Years in

One Mineral Soil and Two Peats in Wisconsin

Lab.
No.

Loca-
tion
No. Conditions of exposure Age

Absorp-
tion

Supporting
strength

Strength
ratio

Years Per cent Lb. per lin. ft. Per cent
9682 AA Mineral soil in Wisconsin (pH-8.2) .... 23 5.8 2,540 •••••••••

9683 AA Mineral soil in Wisconsin (pH-8.2) .... 23 5.4 2,260
9684 AA Mineral soil in Wisconsin (pH-8.2) .... 23 5.8 3,020 ..... ••••

9745 AA Mineral soil in Wisconsin (pH-8.2)..... 23 5.8 2,120
9746 AA Mineral soil in Wisconsin (pH-8.2) .... 23 5.7 2,480 •••••••••

........................................... 5.7 2,480 100

9685 BB Peat in Wisconsin (pH-5.9).......................... 23 6.7 2,180 .........
9686 BB Peat in Wisconsin (pH-5.9).......................... 23 6.1 2,060
9687 BB Peat in Wisconsin (pH-5.9) .......................... 23 6.7 2,570 .........
9688 BB Peat in Wisconsin (pH-5.9).......................... 23 6.8 2,690 .........

6.6 2,380 96

9691 CC Peat in Wisconsin (pH-5.1) ......................... 23 8.2 1,780 .........
9692 CC Peat in Wisconsin (pH-5.1).......................... 23 8.9 1,640
9689 CC Peat in Wisconsin (pH-5.1).......................... 23 7.2 1,670
9690 CC Peat in Wisconsin (pH-5.1).......................... 23 7.2 1,530

1,660 67

Note: These tile were 12 inches in diameter and 30 inches long. Tile 9685, 9686, 9691,
and 9692 were in the stock pile for one year before they were installed in peat. Tile 9687,
9688, 9689, and 9690 were in mineral soil for one year before they were installed in peat.

Table 9. Physical Tests of High-Quality 4-Inch Commercial Drain Tile and Sieve

Analyses of Aggregates Used

Tile tests Sieve analyses of aggregates

Absorption. Per cent
Supporting oven dried. Sieve coarser
strength boiled 5 hrs. number than

Lb. per lin. ft. Per cent
1,570 6.0 3A

1,550 5.9 3/8
1,620 6.9 4
1,880 5.7 8
2,210 6.3 16
1,890 6.1 30
1,450 5.8 50
2,220 5.9 100
1,740 6.2 Residue
1,650 5.8
_ -

Average 1,780 6.1

.o
0.2
26.0
40.7
50.6
62.4
86.0
97.1
2.9

Fineness modulus = 3.63
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III. EXPERIMENTAL CONCRETE AND MORTAR
CYLINDERS IN PEATS AND MINERAL SOILS

The cylinders used in these investigations are described in
detail in table 10. The cylinders were installed in copper-nailed
wooden crates marked with copper tags and by burned-in num-
bers (see figure 5). Twenty-five identical cylinders were installed
in each crate. All cylinders were made of mixes which could be
used in the commercial manufacture of small drain tile. Selec-
tion of the variables was somewhat influenced by results that
had been obtained with similar specimens exposed to sulfate
waters in Minnesota and South Dakota (8).

The laboratory cylinders used in the tests were made of ag-
gregates that met standard physical test requirements. The
aggregates were separated into screen sizes and recombined, as
shown in table 11, to produce a fineness modulus of 4.67. Roughly,
about 75 per cent of the materials may be classed as siliceous,
15 per cent, argillaceous, and 10 per cent, calcareous. The unit
dry weight of the aggregates, as combined, was 124 pounds per

FIG. 5. Typical of 400 crates of experimental cylinders installed at nine locations.



Table 10. Description of 2- by 4-Inch Concrete and Mortar Cyl
inders Installed in Minnesota, Wisconsin, and North Carolina Soils

Series
Cement

reference
Cement type, admixtures, and

surface treatments
Cylinder
type

Mix by
volume

Water-
cement ratio

Curing
procedure

Specimens installed October-November, 1924

187-191 14-A
Concrete 1-3 .59 A1

192-196 A and B1 Standard portlands Concrete 1-3 .59 A

197-201 25-B
Concrete 1-3 .51 A

202-206 A and B1
Concrete 1-3 .59 B2

213-217 A and B1
Mortar 1-3 .64 B

218-222 25-B
Mortar 1-3 .60 A

223-227 A and B1
Mortar 1-3 .64 A

230-232 14-A
Mortar 1-3 .63 A

233-237 28 Standard portland with tannic acid ............................................................................................. Mortar 1-3 .63 A

238-242 28 Standard portland with tannic acid ............................................................................................. Concrete 1-3 .60 A

Specimens installed October', 1925

316-320 A and B1
Concrete 1-3 .62 C3

321-325 65-M
Mortar 1-3 .64 A

326-330 A and El
Mortar 1-3 .64 C

331-335 A and B1
Concrete 1-5 .84 A

336-340 A and B1
Concrete 1-1 .40 A

341-345 A and B1
Concrete 1-3 .47 A

346-350 A and B1
Concrete 1-3 .78 A

356-360 A and B1
Concrete 1-3 .62 D4

Specimens installed September, 1926

481-485 41-M
Concrete 1-3 .62 A

486-490 43-B1
Concrete 1-3 .62 A

491-495 33-D ..
Concrete 1-3 .62 A

496-500 34-C
Concrete 1-3 .66 A

501-505 65-M
Concrete 1-3 .62 A

506-510 A, Bl, 25-B Standard portland 85%, high alumina 15% .................................................................. Concrete 1-3 .66 A

Note: Analyses and physical tests of 
the cements are recorded in Tables 12 and 13.

1 A—Moist closet 24 hrs., water 20 days
, air 35 days.

B—Moist closet 24 hrs., water vapor at 155° F.
 48 hrs., air 53 days.

3 C—Moist closet 24 hrs., steam at 212° F
. 48 hrs., air 53 days.

D—Moist closet 24 hrs., steam at 285° F. 12 
hrs., air 54 days.



Table 10. Description of 2- by 4-Inch Concrete and Mortar Cylinders Installed in Minnesota, Wisconsin, and North Carolina Soils—Continued

Series
Cement

reference
Cement type, admixtures, and

surface treatments
Cylinder
type

Mix by
volume

Water-
cement ratio

Curing
procedure

Specimens installed September, 1926
511-515 41-M Concrete 1-3 .62
516-520 112-X Concrete 1-2 .54 A
521-525 33-D Concrete 1-3 .62
526-530 A and B1 Standard portland + 21/2% diatomaceous silica ............................................................ Concrete 1-3 .66 A
531-535 40-1 Concrete 1-3 .62 A
536-540 97-K1 Concrete 1-3 .62 A

Specimens installed September-October, 1927
644-648 A and B1 Standard portland + 5% hydrated lime ................................................................................ Mortar 1-3 .66 A
649-653 A and B1 Standard portland + 21/2% diatomaceous silica Concrete 1-3 .66

871-875 200-F
Specimens installed August-September, 1929

Mortar 1-5 .71 A
876-880 193-G Mortar 1-5 .71 A
881-885 192-H Mortar 1-5 .71 A
886-890 190-1 Mortar 1-5 .71 A
891-895 A and B1 Concrete 1-3 .62 E5
896-900 A and B1 Dipped in linseed oil at 230° F. ............................................................................................................ Concrete 1-3 .62 A
901-905 A and B1 Painted with cutback bitumen ............................................................................................................ Concrete 1-3 .62 A
906-910 A and B1 Standard + 7.5% pulverized chert ................................................................................................... Concrete 1-3 .64 A
914-918 A and B1 Mortar 1-5 .45 A
919-923 A and B1 Mortar 1-5 .71 A
924-928 A and B1 Mortar 1-5 1.10 A
929-933 A and B1 Mortar 1-7 1.04 A
936-940 191-E Mortar 1-5 .71 A
941-945 238-C Standard portland + silicon-carbide ..............................................,................................................. Mortar 1-5 .71 A
946-950 239-B . Standard portland, reground .................................................................................................................. Mortar 1-5 .71 A
951-955 246-D Standard portland, imported .................................................................................................................. Mortar 1-5 .71 A
956-960 A and B1 Standard portland + 5°/o auto oil ...................................................................................................... Concrete 1-3 .62 A
971-975 A and B1 Concrete 1-3 .62 F°

Note: Analyses and physical tests of the cements are recorded in tables 12 and 13.
5 E—Moist closet 24 hrs., steam at 345° F. 24 hrs., air 54 days.
F—Moist closet 24 hrs., water 20 days, no air curing.
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Table 11. Sieve Analyses of Aggregate and Quantity of Each Size Require
d for a

Nine-Cylinder Batch of 2- by 4-Inch Laboratory Cylinders

Per cent
Sieve coarser than

Fineness Modulus = 4.67

cubic foot. The Ottawa standard sand cylinders fairly well ap-

proximate poorly graded sand all too often used in the manu-

facture of drain tile.
The mixes used in these experiments varied from 1-1 to 1-7,

with 35 of the 50 series running 1-3, which is as rich as is ordi-

narily used for drain tile. The water-cement ratios varied from a

low of 0.40 to a high of 1.10. In general, the consistencies were

wetter than those used in commercial drain tile made on the

packer-head type manufacturing machine. In all cases, the mix

was by volume of room-dry aggregates.

The 28-day strengths of the 1-3 concrete cylinders, of cements

as made some 20 years ago, generally approached, but rarely ex-

ceeded, 5,000 psi. The oven-dry weight of the concrete in a large

number of cylinders averaged 143.5 pounds per cubic foot. The

absorption of comparable cylinders averaged 6.0 per cent by

weight (5-hour boiling test) .

Standard chemical analyses and physical tests of one lot of

each of the 20 brands of cement used in these tests are shown in

tables 12 and 13, respectively. The chemical analyses of 15 of

these cements were made between 1926 and 1930 by the Division

of Tests in the Bureau of Public Roads of the United States

Department of Agriculture, now Public Roads Administration

of the Federal Works Agency. Analyses of the remaining five

cements were furnished by chemists of the respective plants.

Discussion

Results of compression tests of the experimental concrete and

mortar cylinders from the various locations are reported in

tables 14 and 15, respectively, for periods of one, three, five, 10,

and 17, 19, or 20 years. The 28-day compression tests of cylinders

of all series are also recorded, as are strength ratios based on

one-year strengths at each location.
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Inspection of the strength ratios clearly shows those of the
concrete cylinders of table 16 to be considerably higher than.
those of the mortar cylinders of table 17. Correcting for duplica-
tion of series as they are grouped leaves 240 strength ratios re-
corded for the concrete cylinders of table 16, of which only 52
fall below 100 per cent. Likewise, correcting for duplication of
the mortar cylinders, as grouped in table 17, leaves 152 strength
ratios, of which 91 fall below 100 per cent. Without consideration
of any other factors whatever, the picture immediately becomes
very much better for the high-unit-strength concrete cylinders
than for the low-strength ones of mortar.

Resistance of Different Portland Cements. The graphs of fig-
ures 6 and 7 are constructed from tests of different portland
cements. The cements of figure 6 are the first seven and the ninth
of the 10 cements used in the 1-3 concrete cylinders of table 14,
listed under the heading, "Portland Cement from Different Mills."
The cements of figure 7 are the nine used in the 1-5 mortar cylin-
ders reported upon in table 15 under the heading "Portland
Cements."

Study of figure 6 reveals that the average strengths of the
concrete cylinders increased continuously with exposure in min-
eral soil. A decrease started in the peats at five years, and by 19
years the strengths had fallen below those at one year. Study of
figure 7 shows that the mortar cylinders lost slightly in strengths
in mineral soil and markedly in the peats after five years. It will
be noted that while there was considerable spread in strengths
of the cylinders tested at the different ages, the over-all picture
was a weakening of both concrete and mortar cylinders in the
peats with a narrowing of the strength spreads for both types of
cylinders that had been longest in peat.

It is evident from the 17- and .19-year tests that none of the
portland cements used in the cylinders upon which figures 6 and
7 were based displayed unusual acid-resisting properties.

Cylinder Strengths and Resistance to Peats. The three peats
with pH values of 4.1, 5.1, and 5.4, in which the cylinders of fig-
ure 6 were installed, had lime contents of 0.83, 1.95, and 3.16 per
-cent, as reported in table 2. With respect to agricultural uses,
these peats would be classed, respectively, as low-lime, doubtful,
and high-lime. These peats may be considered fairly representa-
tive of large areas of Minnesota and Wisconsin. There are, how-
ever, numerous areas of peats higher in lime and it was with this
thought that installations were made at Coon Creek with a pH
of 8.0 and at Karlstad with a pH of 8.2. These had lime contents
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FIG. 6. Average • strengths of concrete cylinders after installation in three peats with
pH values of 4.1, 5.1, and 5.4, compared with average strengths of check

cylinders installed in two mineral soils with pH values of 5.4 and 8.2.

A different cement was used in each of the eight series of cylinders. The mix
was 1-3 by volume.

0-

19 20

of 6.94 per cent and 8.28 per cent respectively, as reported in
table 2. In figure 8 is shown the relationship between pH values
of both peat and mineral soils and strengths of cylinders from
the same series as those of figures 6 and 7.

Study of figure 8 reveals that the high-strength concrete
cylinders in the three peats with pH values of 8.2, 8.0, and 5.9
averaged about one-third stronger at 19 years than did the cylin-
ders from the two peats with pH values of 5.1 and 4.1. On the
other hand, the strength trend at 17 years was definitely down-
ward for all the low-strength mortar cylinders, excepting only
those in the peat with a pH of 8.2. The cylinders in peat with a
pH of 4.1 averaged only about half as strong as those in the peat
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with a pH of 8.2. It is clear from figure 8 that high-compressive-
strength concrete does a much better job of minimizing the effects
of soil acidity than does low-strength mortar. It should be es-
pecially noted that the concrete cylinders in the two mineral
soils in which installations were made were high in strength after
exposures for 19 years.

Figures 9 and 10 are based on tests of cylinders from 10 series
made of a mixture of the same two brands of portland cement.
The mix and water-cement ratio for the cylinders of each series
are shown on the graphs. The 28-day strengths of these cylinders

2500

500
0 1 3 5 10

Years Exposed

FIG. 7. Average strengths of 1-5 Ottawa standard sand cylinders after installation
in two peats with pH values of 4.1 and 5.1, compared with average

strengths of check cylinders installed in two mineral soils
with pH values of 5.4 and 8.2.

A different cement was used in each of the nine series of cylinders and the mix
was 1:5. The cements were not the same brands as those used in the concrete
cylinders of figure 6.

O Mineral Soil

• Peat

17 20
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FIG. 8. Strengths of concrete cylinders after installations for 19 to 20 years and
mortar cylinders after installations for 17 years in peat and

mineral soils with pH values as indicated.

Each value for the concrete cylinders is the average for 40 cylinders, five each
of eight cements, while each value for the mortar cylinders is the average for 45
cylinders, five each of nine cements. The cements used in the concrete cylinders were
brands other than those used in the mortar cylinders.

ranged from a low of 580 psi, for the lean mortar cylinders of•
one series to a high of 5,360 psi, for the rich mixed concrete
cylinders of another series. The graphs in figure 9 are con-
structed from tests of cylinders from two mineral soils with pH
values of 5.4 and 8.2, while the graphs of figure 10 are for cylin-
ders of the same series from three peats with pH values of 4.1,
5.1, and 5.4. Reference to figures 9 and 10 reveals decided differ-
ences between the graphs in trends beginning at 10 years for the
cylinders with the higher 28-day strengths, and beginning at five
years for the low-strength cylinders of the four lean-mixed
mortar groups. It also will be noted that the cylinders from peat
were generally lower in strengths than were the check cylinders
from mineral soil, whatever the ages tested. The significant dif-
ference, however, between the graphs of figure 9 and those of
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figure 10 is the fact that the cylinders with the higher 28-day
strengths continued to increase in strength for the 19 or 20 years

they were in mineral soil, while even the low-strength lean

mortar cylinders just about held their one-year strengths for

the first 10 years. Reference to figure 10 based on tests of the
cylinders from peat shows an unmistakable dropping off in
strengths of the higher-strength cylinders, as well as those of
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FIG. 9. Strengths of variously made concrete and mortar cylinders from two mineral
soils with pH values of 5.4 and 8.2. Each point is the average of 10 cylinders,

five from each of the two locations. These are check cylinders of the
same series as those from peat upon which figure 10 is based.


