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THE EFFECT OF BEET PULP UPON
PORTLAND CEMENT CONCRETE
AND MORTAR

By O. V. Apams

The importance of the beet-sugar industry in the United
States is shown by the following facts for the years 1921-1922:

(1) Sugar beets were grown in 18 states.

(2) The total acreage was 814,988, from which 77& OOO
tons of beets, valued at $49 154,000, were produced. 0

Honorable James Wilson, when secretary of agriculture,
said ‘“We are therefore justified in saying that the total area
having soil and climatic conditions adapted to the production
of satisfactory sugar beefs is at least 274,000,000 acres.’’

The manufacture of beet sugar is seen to be a large indus-
try, which has possibilities of growing to many times its pres-
ent size.

In the beet-sugar manufacturing process, a substance known as
pulp remains after the sugar has been extracted from the beets.
Approximately one ton of pulp is produced for each four tons of
beets treated. The pulp is stored in silos and later used for stock
feeding.

For hauling pulp to the feeding pens, wagons equipped with
ordinary boxes were formerly used. Since portland cement con-
erete has come into widespread use as a paving material, regulations
have been adopted by some city and county governments requiring
the use of water- twht wagons which must be mspected and approved
before being used. They must not be loaded so that any pulp will
run over the sides. Other regulations prohibit the use of the pave-
ments by vehicles hauling pulp Fort Collins and Larimer County,
Colorado, have the former regulations, while Longmont, Colorado,
has the latter.

These regulations have been passed on account of the prevail-
ing belief that beet pulp has a detrimental effect on portland cement
concrete. The behavior of concrete floors in pulp silos at some beet-
suo ar factories and the condition of a concrete pavement near Liove-

ad Colorado, which is used by beet-pulp traffic, have contributed
to this belief.
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Following are the facts concerning two of these instances which
were obtained from officials of the Great Western Sugar Company:

WINDSOR PULP-SILO FLOOR

This floor was 6 in. thick when constructed in 1920. A 1:6 mix
of portland cement and pit-run gravel was used. At the present
time (July, 1924) the mortar on the surface has been eaten away
leaving the coarse aggregate exposed. Figure 1, page 3 shows this
condition. The concrete, to a depth of from 0.50 to 1 in., according
to the estimates by officials at the Windsor plant, has either been
entirely destroyed or its strength so badly impaired that it may be
cut easily with a pocket knife. Protective coatings of creoscte and
hot asphalt or asphaltic paint have been used but have not heen
uniformly satisfactory, due to the difficulty of securing a bond be-
tween the coating and the concrete. Where a bond was secured,
they have greatly reduced the action of the pulp. These coatings,
however, must be renewed each year. The Great Western Sugar
Company is now using lumber for pulp-silo floors.

CONCRETE SURFACE ON HIGHWAY NEAR SUGAR FACTORY
AT LOVELAND, COLORADO

This road surface was constructed in 1915 for The Great West-
ern Sugar Company. The specifications, under which the work was
done, were furnished by the Portland Cement Association. The
materials used were all tested and the aggregates were the best that
could be obtained locally. The mix used was one part of portland
cement to two parts of sand which passed a 0.25-in. screen to three
parts gravel which passed a 114 in. sereen. The concrete surface is
18 ft. wide and was originally 834 in. thick at the center and 6 in.
thick at the sides. The workmanship was satisfactory and the of-
ficials of the sugar company state that the pavement, when com-
pleted, appeared to be first class in every particular.

The Loveland factory has sliced from 215,000 to 240,000 tons
of beets per annum during the life of the concrete pavement. Be-
tween 50,000 and 60,000 tons of beet pulp have been hauled from
the factory each year. During the years immediately following the
construction of the pavement, the beet pulp was hauled entirely in
steel-tired vehicles. During the past few years the amount hauled
in trucks equipped with rubber tires has been increasing. As the
large part of the pulp hauling is done in the winter, horses must
be sharp shod.

The average weight of a two-horse team and empty wagon 18
approximately two and one-fourth tons. When loaded, the average
weight is approximately six and one-fourth tons. Therefore, about
eight and one-half tons of traffic are produced for each four toms
of beet pulp hauled in wagons.
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In the following table the traffic over the pavement is sum-
marized :

Traffic, North End Traffic, South End
Steel Rubber Steel Rubber

Item Tired Tired Total Tired Tired Total
Beet Pulp ........37,000 8,000 45,000 60,000 12,000 72,000
Bg-ets ......... ..14,000 3,000 17,000 23,000 5,000 28,000
Miscellaneo ..17,000 120,000 137,000 17,000 120,000 137,000
otal ..68,000 131,000 199,000 100,000 137,000 237,000

Tons per ft. of :
width per annum 3,780 7,270 11,050 5,550 7,610 13,160

The beet-pulp traffic oceurs from about October 1 of each year
until May 1 of the following year. During the greater part of this
period freezing temperatures may be expected at night and thawing
during the day. During the period of maximum hauling the pave-
ment is wet nearly all the time, due to precipitation and drippings
from pulp wagons, which are not required to be water tight.

The width of the pavement causes horse-drawn traffic to follow
nearly the same path, thus coneentrating the wear on a narrow strip.

History of Service Rendered by Pavement.—In 1916 the pave-
ment was so badly rutted as to need repair. A covering of Tarvia A
and Tarvia B was applied. This did not prove satisfactory as it
soon rutted to the original pavement. Nothing more was done until
1920 when the ruts were filled with gravel and hot asphalt applied
by the penetration method. This treatment proved fairly satisfac-
tory. The ruts were filled somewhat more than level full, which
encouraged the traffic on the concrete outside of the old ruts. New
ruts were soon formed in the conerete.

At the present time (1924) the south three-fourths of the pave-
ment is badly rutted. This is well shown in Fig 2, page 7.

According to statements by both the Board of County Commis-
sioners of Larimer County, Colorado, and officials of the Great West-
ern Sugar Company, no maintenance work has ever been done on
the expansion-contraction joints. These are 30 ft. apart and were
constructed of ‘‘Carey Elastite.” The present condition of these
joints is shown in Fig. 3, page 9. At the present time, after nine
yvears’ use, there are very few pits due to crushed or loosened ag-
gregate, showing that surface abrasion, rather than crushing of par-
ticles, has been the cause of the present condition of the pavement.

LABORATORY TESTS

In order to obtain additional information on the effect of beet
-pulp on portland cement mortar and concrete, laboratory tests
covering a period of nearly three years were performed. Thy‘e’e’
series of specimens, which have been designated ‘‘A,”” ‘B’ and ‘‘C
were prepared. In each series, tension and abrasion tests were made
on cement mortar and compression tests on cement concrete. The
mortar used in all tension and abrasion specimens contained, by
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standard form. One-and-seven-sixteenth-inch cubes were used for
abrasion tests, and 4-by-8-inch cylinders, for compression tests.

Storage of Specimens.—All specimens for tension and abrasion
tests were stored in the forms in a moist closet for 24 hours and
then placed in moist sand until 28 days old. All compression speci-
mens were removed from the forms after 24 hours and stored in
moist sand. At the age of 28 days, one-half of all specimens were
placed in beet pulp and the other half kept in moist sand. When six
months old all specimens were removed from pulp or sand storage,
and one-third of those in each series were tested. The remaining
two-thirds were stored in air in the laboratory until October 1, 1921.
At this time, all specimens originally stored in pulp were again
placed in pulp and all others in moist sand. This storage period
lasted until May 19, 1922, when one-half of the remaining specimens
were tested and the other half stored in air in the laboratory until
October 14, 1922. The third period of storage was similar to the
second and lasted until September 5, 1923, when all remaining speei-
mens were tested.

During the second period of storage, the pulp was changed on
December 23, 1921, and during the third period on April 2, 1923,
when the original pulp had decomposed until its acidity had become
not over one-tenth of one percent.

The results of chemical analysis to determine the acidity of the
pulp during two storage periods are given in Table 1. These indi-
cate a gradual reduction in acidity as the length of time of storage
is increased.

TABLE ONE

Date Storage Period Percent Acidity
October 14, 1921 Second 0.214
November 26, 1921 Second 0.150
December 12, 1921 Second 0.100
April 28, 1923 Third 0.918
May 12, 1923 Third 0.808
June 2, 1923 : Third 0.656
July 14, 1923 - Third 0.490
September 6, 1923 Third 0.367

The acidity of the pulp at the time it was changed, or when the
specimens were removed from the pulp storage, is shown by the
following :

Date Storage Period Percent Acidity
06
June 5, 1921 First 0.
December 12, 1921 Second 1?.1(1)' .
June 23, 1923 Second A (6381811
March 28, 1923 Third 8'367
September 6, 1923 Third .

Figures 4, 5 and 6 show mortar cubes which have been subjected
to abrasion in the Duval Abrasion machine. (Duration of test 10,000
revolutions.)
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No. of
Briquettes
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Storage

Sand
Sand
Pulp
Sand
Pulp
Sand
Pulp

Sand
Sand
Pulp
Sand
Pulp
Sand
Pulp

Sand
Sand
Pulp
Sand
Pulp
Sand
Pulp

Kind
of
Storage

Sand
Pulp
Sand
Pulp
Sand
Pulp

Sand
Pulp
Sand
Pulp
Sand
Pulp

Sand
Pulp
Sand
Pulp
Sand
Pulp

EFFECT OF BEET PULP ON CONCRETE

Storage Period

in Days
Moist Beet Dry
Sand Pulp Air
Series C
28 0 0
181 0 0
28 153 0
411 0 69
28 383 69
737 0 217
28 709 217

Kind of
Storage

Sand
Sand
Pulp
Sand
Pulp
Sand
Pulp

Average
Strength in
Pounds

Per

Sq. In.

568

TABLE lIl—Compression Tests on 1:2 Mortar

Storage Period

in days
Moist Beet Dry
Sand Pulp Air
Series A
28 0 0
181 0 0
28 153 0
411 0 320
28 383 120
737 0 268
28 709 268
Series B
28 0 0
181 0 0
28 153 [}
411 0 104
28 383 104
7317 0 152
28 709 . 152
Series C
28 0 0
181 0 0
28 153 0
411 0 79
28 383 79
31 0 227
28 709 227

Number
of

Cylinders

=JCONH O =) S NS

NPT

Average
Strength

in Pounds

Per Sq. In.

2420
3410
3300
4610
4230
4840
3600

TABLE IV—Abrasion Tests on 1:2 Mortar

Storage Period

in Days No. Weight
Moist Beet Dry of _ in Grams
Sand Pulp Air Cubes Initial Final
Series A
181 0 44 5064 4920
28 153 45 5078 4874
411 128 43 5024 4838
28 383 126 46 4999 4215
737 0 274 43 4989 4852
28 709 274 49 5044 3501
Series B
181 0 43 5087 4905
28 153 0 43 5030 4798
411 101 43 5096 4934
28 383 101 47 5086 4030
737 249 43 5084 4955
28 709 249 49 5037 3194
Series C
181 0 44 5004 4856
28 158 0 44 5009 4795
411 76 44 4996 4843
28 383 76 48 4985 3977
731 224 44 4987 4850
28 709 224 51 4947 3376

Loss
Grams

Loss
Ratio

1.417
4.215
11.263

1.275
6.518
14.287

1.446
6.462
11.467

11

Ratio

0.982
0.776
0.668

Strength
Ratio

0.968
0.918
0.744

0.909
1.010
0.682

0.970
0.998
0.800

Average
Weight
Cubes
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TABLE V—Gradings used in Cylinders

Coarse Aggregate
Percentage by Weight

Series .o A B C
Retained on 1.25-in. screen e 0.0 0.0 0.0
Passing 1.25-in. retained 1-in .. 16.2 25.0 25.0

“ 1-in. “ 0.75-in. 19.5 25.0 25.4
:: 0.75-in. o 0.50-in. ... .. 23.3 25.0 25.0
0.50-in. ‘o 0.25-in. ... .. 41.0 25.0 25.0
100.0 100.0 100.0
Fine Aggregate
Passing thru Retained on
sieve sieve Percentage by Weight
Series ... A B C
. 0.25-in. 0.0 0.0 0.0
0.25-in. 16-mesh 26.2 43.3 29.3
10-mesh 20-mesh 30.2 38.5 38.8
20- 30~ « 17.8 11.3 15.6
30- 40- 7.8 3.0 6.7
40- ¢ 50- ¢ 4.4 1.4 0.7
50- 80- ¢ 5.8 1.1 2.6
80- ¢ 100- 1.0 0.2 0.9
100~ 200- 2.5 0.3 3.4
200 0.7 0.6 2.0
Silt 3.6 0.3 0.0
Total 160.0 100.0 100.0
DISCUSSION

Discussion of Laboratory Tests

Study of the data given in Tables I and V, supplemented by
Fig. 4 to 6 inclusive, brings out the following points:

1. The pulp-storage tension specimens showed no appreciable
reduction in strength after having been stored in pulp 153 days, but
did show a marked reduction for 383 and 709 days storage.

2. The average strength of tensile specimens for 709 days pulp
storage was only 65 percent of that of specimens stored in moist
sand.

3. There was a slight reduction in compressive strength of
pulp-storage as compared with sand-storage cylinders for 153 days
storage.

4. For 383 days pulp storage there was an increase in compres-
sive strength over that for 1563 days pulp storage for all three series.

5. Only in series A was there a marked reduction in compres-
sive-strength ratio for 383 days storage, as compared with 153 days
storage.

6. There was a marked reduction in both the actual compres-
sive strength and the compressive-strength ratio of all series for
709 days as compared with 383 days pulp storage.

7. There was an increase in compressive strength up to 709
days moist-sand storage for Series ‘“A’’ and ‘““C’’ and up to 333
days moist-sand storage for Series ‘‘B.”’
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8. The strengths of eylinders stored in moist sand for 709 days
for Series ‘A"’ “B’’ and ‘““C’’ were 200, 169 and 169 percent, re-
spectively, of the 28-day strength.

9. The abrasion-loss ratio was always greater than one and in-
ereased progressively as the pulp-storage time was increased.

10. The pulp-storage cubes were lighter at the end of all three
storage periods than the sand-storage specimens.

11. The loss in weight of pulp-storage cubes amounted to 11.3,
13.1 and 14.7 percent for Series ‘“A,”” ““B’’ and ‘‘C,”’ respectively
for 709 days storage.

The Concrete Highway at the Sugar Factory at Loveland, Colorado

In this discussion the following points should be emphasized :

1. The fact that apparently a first-class conerete pavement was
construeted by the contractor.

2. Results of tests by the U. S. Bureau of Public Roads show
that steel-tired traffic is destructive to concrete pavements. This
road has carried approximately 100,000 tons of steel-tired traffic
per annum.

3. That, especially during the winter months, the natural pre-
cipitation and drippings from pulp wagons were alternately frozen
and thawed on the surface of the pavement, which inecreased the
surface wear.

4. That when ruts had started to form, the precipitation and
pulp juices were held in these depressions, thereby producing a
more favorable condition for action by the pulp acids.

. 5. That the disintegrating action of frost and pulp juices was
Increased by the abrasive action of the steel-tired traffic which soon
removed the weakened surface film and exposed a fresh layer.

6. That the tracking of horse-drawn traffic serves to concen-
trate the destructive agencies just mentioned.

7. That lack of maintenance of expansion-contraction joints
permitted excessive wear at these joints and contributed to the gen-
erally unsatisfactory condition of the surface of the pavement.

CONCLUSION

1. Beet pulp has a destructive effect upon both the mortar and
tonerete specimens used in laboratory tests.

2. This destructive action is not great up to 150 days of pulp
storage but increases progressively for longer periods.

. 3. Results of tests and field observations show that while there
3 no doubt that conerete and mortar are affected by beet pulp, it
tannot be said that the rutting and wear on the conerete pavement
it Loveland, Colorado, has been due to beet-pulp action alone.



_ BIBLIOGRAPHY
F. H. JACKSON and C. A. HOGENTOGLER

Accelerated Wear Tests by the Bureau of Public Roads,
~ Public Roads, June, 1921.

F. H. JACKSON, and J. F. PAULA
~ Wear of Concrete Pavements Tested, Public Roads, May, 1924.



	1001
	1002
	1003
	1004
	1005
	1006
	1007
	1008
	1009
	1010
	1011
	1012
	1013
	1014

