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SYNOPSIS

The visual-accumulation-tube method was developed primarily for making
size analyses of the sand fractions of suspended-sediment and bed-material
samples., Because the fundamental property governing the motion of a sedi-
ment particle in a fluid is believed to be its fall velocity, the analysis is de-
signed to determine the fall-velocity-frequency distribution of the individual
particles of the sample. The analysis is based on a stratified sedimentation
system in which the sample is introduced at the top of a transparent settling
tube containing distilled water. The procedure involves the direct visual
tracing of the height of sediment accumulation in a contracted section at the
bottom of the tube. A pen records the height on a moving chart. The method
is simple and fast, provides a continuous and permanent record, gives highly
reproducible results, and accurately determines the fall-velocity character-
istics of the sample.

The apparatus, procedure, results, and accuracy of the visual-
accumulation-tube method for determining the sedimentation-size distribution
of sands are presented in this paper.

INTRODUCTION

The visual-accumulation-tube method for the size analysis of sands was
developed as a part of a general series of investigations entitled “A Study of
Methods Used in Measurement and Analysis of Sediment Loads in Streams”
and sponsored by the Subcommittee on Sedimentation, Inter-Agency Commit-
tee on Water Resources (formerly Federal Inter-Agency River Basin

Note: Discussion open until November 1, 1956, Paper 1004 is part of the copyrighted
Journal of the Hydraulics Division of the American Society of Civil Engineers, Vol,
82, No. HY 3, June, 1956,

1. Hydr. Engr., Geological Survey, U. S. Dept. of the Interior, Minneapolis,
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Committee?). The developmental work was carried on at the St Anthony
Falls Hydraulic Laboratory, University of Minnesota, by the active coopera-
tion of the U. 8. Geological Survey and the Corps of Engineers, U. 8. Army;
financial assistance was given by the U. 5. Bureau of Reclamation,

Size analyses of sands have been made for many years. With recent
added attention to sediment-transport problems in streams, the emphasis has
shifted toward the determination of fall velocity or sedimentation size in-
stead of physical size or volume of the individual grains. In fluvial sediment
problems, the fall velocity of an individual particle in water appears to be
the most significant and fundamental measurement of particle size.4.5 None
of the size-analysis methods previously available for sands were sufficiently
economical and at the same time sufficiently accurate in establishing the fall
velocity distribution that would be found if each particle of the sample was
dropped Individually. The many sedimentation-size analysis methods that
did determine the rate of fail of the sample actually indicated a settling ve-
locity that was affected by concentrations of material, space limitations, and
other influences inherent in the combination of sample, fluid, and apparatus.

The VA-tube method for analysis of sands was developed to meet two
principal requirements:

1) The method must be fast, inexpensive, and adaptable for use by per-

sonnel having little scientific training.

2) Results must be based on the fall velocity of the individual particles

composing the sampile.

Direct measurement of the fall velocity of the individual particles was not
practical for routine size analyses. However, a velocity-frequency distribu-
tion may be obtained by allowing a sand sample to settle through a definite
length of water column. Sediment is introduced at the top of a column of dis-
tilled water, and the rate of sediment accumulation is measured at the bottom.
This general settling-velocity method is not new; Benningsen,5 Ken.nedy,7
Werner,6 Emery, Travis,” and others” have used similar sedimentation-

3. “Measurement and Analysis of Suspended Sediment Loads in Streams,” by
M. E. Nelson and P. C. Benedict, Trans., ASCE, Vol. 116, 1851, pp. 917-
918,

4. “Development of a Stratified-Suspension Technique for Size-Frequency
Analysis,” by H. J. Skidmore, Thesis, Dept. of Mechanics and Hydraulics,
lowa State University, 1948, p. 2.

5. “A Study of Methods Used in Measurement and Analysis of Sediment Loads
in Streams,” Subcommittee on Sedimentation, Inter-Agency Committee on
Water Resources, Report No. 7,Corps of Engrs., U. 8. Dept. of the Army,
St. Paul District, St. Paul, Minn., 1943, pp. 14-15,

6. “A Study of Methods Used in Measurement and Analysis of Sediment Loads
in Streams,” Subcommittee on Sedimentation, Inter-Agency Committee on
Water Resources, Report No. 4, Corps of Engrs., U, §. Dept. of the Army,
St. Paul District, St. Paul, Minn., 1941, pp. T74-76, 144-148,

7. “Report on the Deposit, and Scour of Siit in the Main Line, Sirhind Canal,
and on the Silt Experiments 1893-1898,” by R. G. Kennedy, Punjab Public
Works Dept. of Irrigation Br. Paper No. 9.

8. “Measurement of Average Particle Size by Sedimentation and Other Physi-~
cal Means,” by P. M. Travis, Am. Soc. for Testing Materials, Bull. No.
102, 1940, pp. 29-32,
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size methods. Their analyses determined the quantities of sediment that set-
fled the length of the water column within given intervals of time, and each
time interval corresponded to a definite settling velocity.

The velocity-frequency distributicns obtained by the general settling-
velocity method differed from those for the fall velocity of the individual par-
ticles for three reasons: {1} The sampie could not be introduced at the top of
the water column so that all particles would start to settle from the same
elevation at the same time and without mutual interference, (2) The rate of
fall of each particle was affected by the nearness of the tube walls, the in-
fluence of adjacent particles, and the density currents set up in the fluid. In
addition, the effects varied because of the contracting and contracted sections
of sedimentation tube which were a part of most systems of this type. (3)
Whether the accumulation of sediment was measured in place at the bottom
of the sedimentation tube or was removed for measurement, inaccuracies
were inherent in determining the quantity settled out of suspension at given
time intervals.

Usually the velocities obtained in any of the many sedimentation systems
nave been accepted without critical investigation as equal to, or at least rep-
resentative of, the fundamental fall velocity of the particles. Emery? cali-
brated his fall velocity apparatus with quartz sands of established sieve-size
distributions. This procedure does not meet the needs of the present investi-
gation of fall velocity, His calibration showed that quartz particies of the
smaller sand sizes fell much faster in the Emery tube than would quartz
spheres of the same sieve sizes. The coarse sand particles did not show the
same degree of difference.

A more exacting study of fall velocity was made for the VA-tube develop-
ment. For the finer sand sizes, in the range 82 to 125 microns, the veloci-
ties in the VA-tube were about 40%greater than those of the same particles
falling along. The difference between rates of fail under the two conditions
gradually reduced to zero at the coarse or very coarse sand sizes.

For the VA-tube development the fall velocity of the individual particle in
water has been accepted as the fundamental measurement of particle size.
“Standard fall velocity” may be defined as the terminal uniform settling ve-
locity of the particle falling alone in quiescent distilled water of infinite ex-
tent and at a standard temperature of 24°C. This is the ideal fall velocity for
the VA-tube development. However, a standard temperature is not generally
accepted, and not all determinations of fall velocity can be made at 240C,
The settling velocity of a sand particle may be determined at another tem-
perature and converted to that at 24°C by the relation for quartz spheres.10
Unpublished datall support theoretical considerations which indicate that
determinations within normal ranges of laboratory temperatures, if converted
by the relation for spheres, will yield fall velocities essentially the same as

9. “Rapid Method of Mechanical Analysis of Sand,” by K. O. Emery, Jour.
Sed. Petrology, Vol. 8, No. 3, pp. 105-110.

10. “A Study of Methods Used in Measurement and Analysis of Sediment Loads
in Streams,” Subcommittee on Sedimentation, Inter-Agency Committee on
Water Resources, Report No. 4, Corps of Engrs., U. 8. Dept. of the Army,
St. Paul District, St. Paul, Minn., 1941, Fig. 5.

11. “Preliminary Report on the Fall Velocity of Missouri River Sand” by L.
C. Fowler, Missouri River Div., Corps of Engineers, U, 5. Army.
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those in water at 24°9C. “Fall veiocity” will be used herein as the terminal
uniform settling velocity of 2 particie falling alone in quiescent distilled
water of infinite extent. A quantitative expression for fall velocity must be
accompanied by a statement of the temperature at which it applies.

The actual settling velocity of particles in the VA-tube was not the same
as the fail velocity of the individual particles. Sedimentation theory was in-
adequate to define the relation between the two. Therefore, a calibration
procedure was substituted for theoretical definition so that the effects of
mutual interference of particles, size limitations of the system, and volume-
welght relations did not require separate determinations.

The instrumentation and techniques for the VA-tube method possess
several advantages over previous processes of the same type, but the really
significant improvement lies in this calibration which makes possible the di-
rect determination of the fall-velocity distribution of the sample. The cali-
bration was accomplished by analyzing hundreds of sand samples for which
the fall-velocity characteristics had previously been established. The prepa-
ration of such samples was made possible by new techniques for determining
the fall-velocity frequency distribution of sand samples.

As a concession to those accustomed to a linear-size designation, the
term “fall diameter” is introduced. The fall diameter of a particle is the
diameter of a sphere that has a specific gravity of 2.65 and also has the same
terminal uniform settling velocity as the particle when each is allowed to set-
tle alone in quiescent distilled water of infinite extent and at a temperature
of 240C. The temperature qualification in the definition is necessary only for
precision; within the normal range of laboratory temperatures the effect of
temperature on fall diameters is usually negligible.

Twelve sets of the VA-tube apparatus were delivered to various sedimen-
tation laboratories in 1954. In some of these laboratories, the method has
been in routine use for several months and has been considered satisfactory,
Improvements in apparatus and technique can undoubtedly be made as the re-
sult of further field experience.

Visual-Accumulation-Tube Method

Samples Suitable for Analysis

Samples whose particies are mainly in the range of sand sizes are suitable
for analysis in the VA-tube. The weight of the samples may be as small as
0.05 gm for fine sands and as large as 15 gm for samples with a normal size
distribution. If many coarse particles, larger than a sieve diameter of 1 or
2 mm, are present in a sample, they are removed by sieving. I any clay or
much silt (sizes under 62 microns) is contained in a sample, it is removed
before VA-tube analysis. Some coarse silt does not affect the accuracy of
results, but appreciable quantities of silt require additional time for making
the analysis. The clay and silt fractions should be separated from the sand
by sieving or by sedimentation processes, but the division need not be at a
precise size.

Samples for analysis should be relatively free of organic matter and in
such condition that the grains will fall as individual particles and not in
aggregates. The sand particles should be thoroughly soaked in water before
analysis so that every particle is completely wetted, they should be contained
in not more than 40 ml of water at a temperature no lower than that of the
water in the sedimentation tube,
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Visual- Accumulation Tube
The apparatus for the VA-tube method of analysis consists of the following
main parts as shown in Fig. 1:

1) A glass funnel, or tube-and-funnel combination, about 10 in. long.

2) A rubber tube that connects the funnel and the main sedimentation tube
and that together with a special clamping mechanism serves as a valve,

3) A glass sedimentation tube, Tubes are of 2 lengths. A 180-cm tube
has a 140-cm section of 2-1n. inside diameter, a 20-cm contracting
section, and a 20-¢m accumulation section of 10-mm inside diameter.
This long tube is used for the analysis of bed, beach, cor other sands of
coarse sizes when a sufficient quantity of the material is available. A
120-c¢m tube has an B0-cm section of 1-in. inside diameter; a 20-cm
contracting section; and a 20-cm accumulation section with an inside
diameter of 2.1, 3.4, 5.0, or 7.0 mm. The short tube is suitable for the
analysis of suspended-sediment samples that contain only small guanti~
ties of sand that is mostly less than 1 mm in diameter. An elastic plug
is inserted in the lower end of the accumulation section to close the
tube.

4) An electrically operated tapping mechanism that strikes against the
glass tube and helps keep the accumulation of sediment uniformly
packed and level on top.

B5) A special VA-tube recorder which consists of: (1) A carriage that can
be moved vertically by a hand-operated mechanism and on which are
mounted a recording pen and an optical instrument consisting of a 2~
power telescope eyepiece with a horizontal ¢ross hair, (2) A cylinder
that carries a chart and rotates at 2 constant rate during the analysis.

§) The recorder chart is a printed form on which the pen draws a continu-
ous record of the accumulation.

Plans and specifications are available for all items of the visual-tube

equipment. The cost of the complete visual-tube apparatus is about $500, or
approximately that of a set of sieves and sieve shaker.

Selection of Tube Size

A necessary preliminary to analysis is the choice of the proper tube size
for a given sample. Freguently, two sizes or more would be satisfactory.
The quantity of sand and the upper particle-size limit in a sample are used
as guides in selecting the tube size. Table 1 indicates the limitations on sand
samples suitable for analysis in each size of tube. If the pertinent character-
istics of samples are not known from previous experience with the sampled
stream, the sample to be analyzed may be compared with a set of synthetic
samples. For instance, a sample may be analyzed in a 2.1-mm tube if it does
not exceed in guantity or particle size a synthetic sample containing about
0.8 gm of sand with a maximum particle size of 250 microns.

The maximum particle sizes shown in Table 1 are those that should not be
exceeded by a significant percentage of the sample. The percentage of ex-
cess may be greater if the sample is small in relation to the capacity of the
tube or if the analysis of the coarser portion is not highly important,

Normally, the best results are obtained if the total height of accumulation
in the bottom of the tube is between 1 and 4 in. If a sampie has a very limited
size range or the material is predominantly coarse, better results are oh-
fained with maximum heights less than 4 in. If a satisfactory tube size is not
selected the first time, the sample can be rerun in another size of tube.
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Table l.,--Gulde to Selection of Tube Size

Sample Maximum Sedimentation
particle size tube

Dry Volume Fall Sieve
welight of sand diameter dismeter |Length Size
{am) (ml) {microns) (microns) {em) (mm)
0.05- 0.B 0.03-0.5 250 250 120 2k
O.% - 2.0 0.2 -1.2 350 (o]e} 120 3.4
0.8 - 4.0 | 0.5 -2.4 500 00 120 5.0
1,6 - 6,0 | 1.0 -4.0 700 1,000 120 7.0
5.0 -15,0 3.0 -9.0 - 2,000 180 10.C

However, the choice of a suitable tube is not difficult because the usable
limits of the respective tubes overlap considerably.

Methods of Analysis

_ The authors and their assistants have analyzed many samples with the
visual-accumulation tube. These analyses required less than 10 minutes if
the particles in the sample had fall diameters greater than 62 microns. More
samples could be analyzed per hour than by sieving. If silt was present, the
analysis took a longer time. For those who might be interested, the ste{)—by—
step procedure used by the authors is as follows: :

1) The proper chart for the chosen length of tube is selected and, after
notes to identify the sample, operator, and analysis are writte’n on the
chart, it is placed on the drum. (The 180-cm tube requires a different
chart than the 120-cm tubes because of the greater distance through
which the sample must settle.)

The recorder pen is oriented on the zero-accumulation and zero-time

lines of the chart.

3) The recorder is adjusted to bring the horizontal hair in the eyepiece
level with the top of the tube plug where the accumulation of sediment
begins.

4y When the apparatus, including the proper sedimentation section, is
assembled, the tube is filled with distilled water to just above t},le valve
The temperature of the water in the tube is recorded, and the valve is .
ciosed. The water need not be changed for succeeding analyses.

5) The electrical tapping mechanism is started; this operation also closes
the electrical circuit to a switch at the valve so that opening the valve
starts rotation of the cylinder.

6) The sand sample is washed into the funnel above the closed valve and is
stirred briskly for 10 seconds.

T} The valve is immediately and fully opened. Because opening the valve
automatically starts the cytinder, the chart time and the settling of the
particles in the tube begin simultaneously.

8) The operator watches through the eyepiece and, as scon as the first
particles reach the bottom of the tube, he moves the carriage vertically
at a rate that keeps the horizontal hair on a level with the top of the ac-
cumulation of sediment, This procedure continues until the pen has
passed the 62-micron size on the chart. Then rotation of the cylinder
gutomatically stops. If material is still falling, the tracking operation
is continued, at ieast intermittently, until the maximurn height of ac-
cumulation is determined.

2

—
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9. While the pen stands at the maximum height of accumulation, the
cylinder is rotated by hand to extend the line of maximum accumula-
tion across the chart.

10. After the valve is closed, the sample is drained into a beaker by re-
moving the tube plug. If necessary, the valve is opened slightly to
drain out the sample. The plug is replaced.

11. The chart is removed from the recorder.

Calibration

The settling velocity of sediment particles varies with many factors in-
cluding the size of sedimentation column, the presence of other particles,
and the manner of introducing the sampie. In the VA-tube method, the finer
sands fall as much as 40% faster than individual particies, while the coarser
sizes are affected to a lesser degree. A fall diameter of 250 microns cor-
responds to a fall velocity of 3.44 cm/sec when the particle {alls alone in
distilled water at 240C and corresponds to a settling velocity of about 4.4
cm/sec when the particie falls in the visual tube in the presence of other
particles in water at 240C. Results expressed in terms of the fall dizmeter
of the individual particles were, therefore, obtainable oniy by calibration of
the VA-tube method. A satisfactory calibration required analysis of hundreds
of sand samples for each of which the fall-diameter distribution had been

previously determined.

Determination of Fall-Diameter Distribution

Test samples of known fall-diameter distribution were needed for cali-
brating the VA-tube method. There was no available method for satisfactori-
ly compositing samples having known fali-diameter distributions; therefore,
one was developed that was based on the fail velocities of the individual par-
ticles. The primary concept was simple and obvious, and other investigators
had pointed the way. Carey and Stairmandl2 had developed a photographic
method for determining the fall velocity of individual grains in samples com-
posed of particles smaller than 100 microns. Serrl3 had determined the
sedimentation-diameter distribution for sands of sizes larger than about 140
microns by an individual dropping of many representative particles from
each of several sieve fractions.

The essentials of the procedure developed for determining the fall-
diameter distribution for sands were as follows: A buik sample of sand was
sieved, 10 gm at a time, until the desired quantity of material of each sieve
fraction had been obtained. The sieve-size distribution based on the total
weight of each fraction was recorded. Then each sieve fraction was care-
fully split and resplit until about 100 representative particles remained. The
particles from a sieve fraction were dropped individually in distilled water,
and the fall velocity of each was determined and converted into fall diameter

12. “Size Analysis by Photographic Sedimentation,” by W. F. Carey and Cc. .
Stairmand, Inst. of Chem. Engr., London, Trans., Vol. 16, 1938, pp. 57-62.

13. “A Comparison of the Sedimentation Diameter and the Sieve Diameter for
Various Types of Natural Sands,” by E. F. Serr, 1II, Thesis in Irrigation
Engr., Colorado A & M Coltege, Fort Collins, Colo., 1948.
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by using the relation of the diameter of a quartz sphere to its settling veloci-
ty in water.10 The fall diameters of the particles were cubed to approximate
theu? relative volumes and weights. A fall diameter was chosen at about the
rgedxan division of a summation of the cubed diameters arranged in order of
size. A summation was made of all cubed diameters smaller than the medi-
an, and this sum was expressed as a percentage of the total of all the cubed
diameters. For example, assume that the sum for particles smaller than
305 microns was 48% of the sum for the sieve fraction 250 to 350 microns

If, in the recorded sieve size distribution for the bulk sample, 50% was fin‘er
than 250 microns and 10% was in the 250 to 350 fraction, then ’50 plus 4.8 or
54.8%of the total sample had fall diameters smaller tha,n 305 microns ‘ Ex-
tending this process to all the sieve fractions completed the fall—diam;eter
distribution for the sample.

fig. 2 shows the fall-diameter distribution and the sieve-diameter distri-
buth{l for a sand sample. A sieve-size distribution curve is defined only at
thf: sizes of sieves actually used. A fall-diameter distribution curve, ob-
tained by the method above is defined only at the approximately medi,an sizes
chosen to divide the fractions. Common practices which introduce errors are
(1.) the use of average or mean figures between defined points on size-
d15.tribution curves, and (2) the substitution of particle counts that are un-
weighted for distributions by weight.

. Fgur comments that pertain to the method of determining fall-diameter
distributions are justified.

1) The cube of the fall diameter was assumed to be proportional to the

weight of the particle. This relationship is not always exact, but for a
a group of particles, the cube more adequately represents tt;e volume
and weight than would the first power of the fall diameter. Even use of
the first power of the fall diameter would not seriously alter the results
if the range of sizes for a fraction was small.

2) Th.e previously cited process for computing the size distribution re-
quired modification if a significant percentage of material in the sieve
irgctions coarser than 350 microns had fall diameters less than 305
microns or if a significant percentage of material in the sieve fractions
finer than 250 microns had fall diameters greater than 305 microns.
The necessity for modification was readily apparent and was infrequent
ex§ept for very coarse sieve fractions. By extra computations the
weight equivaient of offending material was transferred from the origi-
nal sieve fraction to the proper side of the 305-micron size.

Splits of 100 particles from each of about 8 sieve fractions were gener-
a.lly adequate to determine the fall-diameter distribution. The fall-
d?ameter distribution curve should have a shape similar to that for the
51e?e—diameter distribution, and any inconsistency in the results of a
gpht w.as immediately obvious from a plot of the size distribution. If
inconsistencies were minor, the results for adjacent sieve fractions
were a».'eraged when drawing the final distribution curve; but, if any
large discrepancy was found, the split was rechecked or repeated. In
the example cited, if the 48% smaller than the cube of 305 microns
s.hould actually have been 40% (an extreme variation) the percentage
f].]'lF._‘I‘ would have been changed only from 54.8%to 54.0%. Errors in in-
dividual splits (1) were independent of those for other splits, (2) were
not subject to cumulative errors, and (3) generally applied tu’:) small
fractions of the total sample.

()
—

o~
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4) Within the temperature range from 209C to 300C, the effect of tempera-
ture on the settling velocity of a particle of sediment in water was con-
sidered to be essentialiy the same as that on the velocity of a sphere

that has a specific gravity of 2.65.

Test Samples of Known Fall-Diameter Distribution

The process for determining the fall-diameter distribution of a sand is a
laborious one, and applying it directly to many sands in order fo calibrate the
visual-tube method would not have been feasible. However, many test sam-
ples could be composited from the sieve fractions of any one sand for which
the fall-diameter distribution had been determined. In this manner a large
supply and variety of test samples were obtained.

The original relative weights of the various sieve fractions were com-
posited into samples having the same sieve- and fall-diameter distributions
as those in the original sand. These samples were made up in a variety of
total weights, and duplicate samples could be compounded in any or all of the

weights. Different relative weights of the various sieve fractions were used
to obtain test samples of different size-frequency distributions. The fall-
diameter distribution was readily computed for each of these samples by the
same methods used for the original sand. Inthe former illustration 48% of
the sieve fraction 250 to 350 microns was finer than a fall diameter of 305
microns. If a test sample was made up in which 60% of the sample was from
sieve sizes finer than 250 microns and 20% was irom the 250 to 350 sieve
fraction, then 60 plus (48 x 20/100) or 69 6% of the test sample was finer than
a fall-diameter of 305 microns. Extending the process to the other sieve
fractions completed the fall-diameter distribution for the test sample, and
percentages finer than desired division sizes could be determined from a

plotting of the distribution.

Method of Calibration
Nearly 300 analyses of samples with predetermined fall-diameter distribu-

tions were available for the calibration of the VA-tube method. The calibra-
tion was incorporated in two charts, one for the 120-cm tubes and one for the
180-cm tubes.

Each znalysis produced a curve of sediment accumulation with time. (See
Fig. 3.) Because the percentage finer than each division size was already
known for a calibration sampie, the percentage of the total accumulation that
should occur at each division size was known. The point on the chart at which
the proper percentage of the accumulation occurred for a given division size
indicated the location at which the division-size line must be placed to divide
the accumulation at the proper percentage. Assume that 40% of a calibration
sample was finer than 125 microns. Then the intersection of the pen trace
with the elevation for 60% of the total accumulation fixed the distance from
the time origin at which the proper percentage for the 125 micron size was
obtained. Consequently, for the temperature of analysis, each analysis estab-
lished a point on the chart for each division size in the sample. A series of
analyses of known samples supplied a group of points tending to define the
proper location of each division-size line. The distance of a division-size
line from the time origin of the chart is a measure of the time for that divi-
sion size of particle to fall in the VA-tube.

Analyses at other temperatures provided information for adjustments for
temperature. Actuaily there were not enough analyses to define completely
the effect of temperature on the time of fall, but the effect of changes in
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temperature was considered proportional to the effect on the fall velocities of
spheres—an assumption that couid not be much in error for the relatively
narrow range of temperatures encountered in the analyses.
Average times from all analyses in the 120-cm tube could be satisfactorily
combined into one chart provided that the previously stated limits (Table 1) 7
of sample quantity and particle size were regarded. The chart for the 120- e
cm tubes is shown in Fig. 4. A second chart was prepared for the 180-cm
tube, L]
The calibrated charts show analyses directly in the desired terms of fali-
diameter distribution by weight, which is equivalent to fall-velocity distribu-
tions by weight. Therefore, the calibration automatically covers the effects
of such conditions as particle concentration and size, methods of introducing
the sample, size limitations of the system, and the fact that accumuiation is
mezsured in terms of height or volume instead of weight.
The charts were designed to give the best average results for sands simi-
lar to those used in calibration. If much work is to be done with a given sand,
especially one that may have highly unusual qualities, then a check calibra-
tion should be made for that sand if extremely accurate results are required.

Results from Analysis

Size Distribution from the Chart

In the VA-tube analytical procedure, the pen trace on the chart is a curve
for which time is the abscissa and height of accumulated sediment is the or-
dinate. The curve is a continuous record of the size distribution of the sam-
ple. According to custom, analytical results are expressed as percentages
of the sample finer (or coarser) than specified division sizes; one common
series of these sizes is shown on the chart for the 120-cm tube in Fig. 4.
The various temperature lines and the spread between them are required by,
and indicate the magnitude of, temperature effects on the analyses. These
temperature effects are in proportion to those for spheres of specific gravity
2.65.

The percentages finer than those sizes shown on the recorder chart were
found from the chart by use of a scale that when placed at a convenient angle
would divide the total accumulation into 100 equal parts. (See Fig. 4.) Brief-

iy, the procedure is as follows: The intersections of the accumulation curve b

and the division-size lines for the temperature of analysis are marked. i
Points are interpolated along the curve for temperatures between the posi- N

tions of the plotted size lines. The zero percent of the scale is placed on the g

total-accumulation line, and the 100% on the zero-accumulation line. The
scale is moved horizontally to the intersection of the curve with the size-
temperature line. The percentage finer that the division size is represented
by the portion of the total accumulation that lies above the curve and may be
read directly on the scale,

Several modifications of the method for reading percentages from the
chart are possible. Horizontal lines may be drawn through the intercepts on
the curve, and all percentages may be read from one position of the scale.

If 10 of material coarser than that analyzed in the visual tube was removed
from the sample prior to analysis, then the 90% mark may be used on the
zero-accumulation line to show readings directly in percentages of the total
sample, Similarly, if 40%of the original sample was removed as silt and
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clay before visual-tube analysis, the 40% mark may be used on the total-
accumulation line to obtain direct readings in percentages of the total sampie,
The scale may be reversed to show readings in percentages coarser,

Accuracy of Method

The fall-diameter distributions of the samples analyzed for calibration of
the visual-tube method were predetermined irom individual particle drops.
The fall~-diameter distributions obtained from the visual-tube analyses were
compared with the predetermined fall-diameter distributions to define the
accuracy summary shown in Table 2. The data are in terms of differences in
percentage finer figures. If, for example, the known amount finer than 125
microns was 40% by weight and the analysis showed 38%, then the difference
is -2%and any percentage between 38 and 42 would be within 2% accuracy,
Over 75% of the results for all division sizes were within 2% of the known dis-
tribution. The accuracy is shown for the various tube sizes, for different
sand mixtures classified according to predominant size, and for several fall
diameters.

Analyses in the various sizes of tube were about equally accurate except
that the accuracy in tubes having a 2.1-mm accumulation section was com-
paratively low. The reduction in accuracy may have been due to the re-
stricted size, but it probably reflected difficulties in compounding duplicate
samples and in analyzing the small quantities of the samples for this small
tube.

The accuracy differed somewhat for the various sand mixtures that were
analyzed. The very coarse sands contained only a small range of sizes and,
consequently, had high concentrations of material at some of the division
sizes; the accuracy was lower for these sands. Any small difference in chart

time, fall velocity, or calibration produced much greater errors in percent-
“age of the total sampie if the concentration of particles was high at a division

size.

Variations in accuracy at the different fall diameters were probably not
significant except that the high concentrations of material at the 1000-micron
size resulted in lower accuracy., At other division sizes the proportion of
samples having high concentrations was small. The accuracy at the 62-
micron size tended to be high because in many samples the concentration at
this size was rather low,

Although Table 2 was based on a large number of analyses there may be
occasional samples that can not be analyzed with the same accuracy. The
effect of specific gravities much different from 2.6% has not been evaluated,
except that samples containing some relatively light-weight material showed
no identifiable reduction in accuracy. Several samples composed of one or
two sieve fractions have been analyzed but nc general evaluation of accuracy
has been made for these samples. Analysis of a single sieve fraction pro-
duces problems of high and rapidly changing concentrations which are unde-
sirable.

SUMMARY

The visual-accumulation-tube method is rapid, economical, and accurate
for obtaining the sedimentation-size distribution of sand samples. The sig-
nificant technical advance is the development and calibration of an instrument
that records results in terms of the fall velocity of the individual particles of
the sample.
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The fall velocity of the individual particles is one of the most fundamental
properties governing the action of sediment in a fluid. The VA-tube method
is an improved means of establishing this fundamental property of sands.

An average calibration for the VA-tube was based on analyses of hundreds
of samples of known fall-diameter distribution by weight., The calibration
provided for normal variations in sand samples; in extremely unusual cir-
cumstances, the calibration should be rechecked.

For samples containing only sand sizes, the VA-tube method is a faster
means of determining size distribution than the standard sieving method.
Therefore, it may justify consideration outside the field of purely sedimenta-
tion problems,

The method has heen used satisfactorily by several laboratories over a
period of many months.

A 16-mm film is available for showing the apparatus and for demonstrat-
ing the analytical procedures of the VA-tube method.
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3 Table 2.--Accuracy of the visual-tube methed
3 Observations within given limits, # Tot, 2l
/ Qualification Within | Within | Within | Within | Within | observa-
1% % 3% 5% 10% tiens
SEDIMENTATION TUBE
Tiameter of accumulation
section, mm:
2,1 36.9 6.2 81.0 95,5 | 100,0 179
3.4 56.8 80.5 92.L $9.7 | 100.0 38L
5 sh,2 75.7 20,7 $9.3 |[100.0 L32
7 62,0 8.3 95.2 | 100.0 | 100.0 165
a 10 50.9 7.0 88.7 98.1 | 100,0 318
b4 and 9 N 82.1 95.1 | 100.0 | 100.0 22k
A1l observations—---—-- 53.3 77.5 90.7 $8.9 [ 100,0 | 1,703
SAND MIXTURE
Predominant size:
Very coarse sand—------ Wl 61.1 7.7 gh.l | 100.0 18
Dom—mmmm e 33.3 52.8 63,9 86.1 ] 100.0 36
Coarse Sand=—m-—--—-—-- 50.0 8.2 92,2 | 100.0 | 100.0 an
Dommmmmmm e m e mm e k8.2 83.9 92.9 | 100,0 | 100.0 56
DOmmmmmmm e e 51.7 B1.7 93,3 | 100.0 | 100.0 50
Dommmm s mmmmmmm e 52.3 75.0 93.8 | 100,0 | 100.0 128
Medium sand-—--——-mmeom 59.4 81.2 95.0 | 100.0 | 100.0 160
Do mmmm e e 55,2 79.6 92.5 99.6 | 100.0 496
Fine sand-——-w«=-—————a—m 62.0 87.5 9.0 9,5 | 100.0 200
3 b3 63.0 82,1 $8.0 | 100.0 246
Very fine sand--------- 53.3 82.2 g1.1 98.5 | 100.0 135
DOmmmmm e 62.5 76.9 Bo.L 98.1 | 100.0 10k
Al] observations-—-~---—- 53.8 77.5 0.7 98.9 | 100.0 1,703
FALL DIAMETER
Division size, micrens:
1,400 72,2 80.6 88.9 97.2 |100.0 36
. 1,000 25.0 c8.3 75.0 86.1 | 100.0 36
} 700 56.6 | 79.2 89.3 |100.0 |100.0 159
500 L6k 75.2 9L.1 | 100.0 | 100.0 153
q 350 LeLo | 70.3 | 87.6 [ 99.5 | 100.0 165
I 250 §3.8 | 768.8 | 93.% |100.0 |10C.0 212
175 50.4 80.7 52,9 $8.7 | 100.0 238
125 L9.2 75.6 85.2 95.2 | 100.0 238
88 56,5 Thel 87.9 98.2 | 100.0 223
62 71.3 87.0 95,1 99,1 | 100.0 223
A1l ohservations—-—---——— 53.8 7.5 90.7 98,9 | 100.0 1,703

a 180-cm sedimentation tube; other sizes refer to 120-cm tubes.
b Experimental tube not used for routine analyses.
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PREDETERMINED
SIZE DISTRIBUTION
Dwometer | Percent
microns finer
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125 40
250 70
500 80
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ZERO ACCUMUL ATION

A--CALIBRATION POINTS FROM A SINGLE ANALYSIS

SYMBOL|

SIZE
mIcrons

s 0 4 x

625
125
250

500

4

62.5 micron size hne for 25°C .

Uine drown 10 averoge points)

TIME ORIGIN

=
125 micron size line for 25°C,

250 micron size ine for 25°C

|esmse— 500 micron size line for 25°C.

X

ZERC ACCUMUL ATION 7

B--CALIBRATION POINTS FROM SEVERAL ANALYSES AT 25°C

FIG.3-~ FUNDAMENTALS OF CALIBRATION METHOD
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