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Figure 2-36. Sample DD Form 1208

Soils 2-65

C1, FM 5-472/NAVFAC MO 330/AFJMAN 32-1221(I)

ρw ( Tx )
W bw (for specified temperature,Tx ) = ------------------ × ( W bw at T i ) – W b
ρw ( Ti )
where—

+ Wb

ρw (Tx) = density of water identified by temperature (Tx) (see Table 2-7)
ρw (Ti) = density of water identified by temperature (Ti) (see Table 2-7)
Wbw

= weight of pycnometer and water, in grams

Wb

= weight of pycnometer, in grams

Ti

= observed/recorded temperature of water, in °C

Tx

= any other desired temperature, in °C

Table 2-7. Relative density of water and correction factor (K) at various temperatures
Temp
°C

Relative
Density

Correction Factor
(K)

18.0

0.99862

1.0004

19.0

0.99843

1.0002

20.0

0.99823

1.0000

21.0

0.99802

0.9998

22.0

0.99780

0.9996

23.0

0.99757

0.9993

24.0

0.99733

0.9991

25.0

0.99708

0.9988

26.0

0.99682

0.9986

27.0

0.99655

0.9983

28.0

0.99627

0.9980

29.0

0.99598

0.9977

30.0

0.99568

0.9974

31.0

0.99537

0.9971

32.0

0.99505

0.9968

NOTE: Data obtained from ASTM. Correction factor, K, is found
by dividing the relative density of water at the test temperature by
the relative density of water at 20°C.

A completed graph using the above formula for the following data
can be seen in Figure 2-37.
Calibration data:
Wbw = 656.43

2-66 Soils

Wb

= 158.68

Ti

= 24°C
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block 23 – column 16
column 18 = --------------------------------------------------- × 100
block 23
Step 23. Determine the percentages for gravel, sand, and fines. Record the
information on the form.
•

Gravel is the material retained on the No. 4 sieve.

•

Sand is the material passing the No. 4 sieve and retained on the No.
200 sieve.

•

Fines are the material passing the No. 200 sieve.

Step 24. Prepare DD Form 1207 (see Figure 2-42, page 2-78).
a. Record the identifying information for the sample in the remarks block.
b. Use the sieve-analysis data to plot (on DD Form 1207) the sieve size
and the percentage passing the sieve.
c. Using a french curve, connect the plotted points to form a smooth, freeflowing curve (the grain-size distribution curve, Figure 2-42).
d. Determine the coefficient of uniformity (Cu).
NOTE: The grain size, in millimeters, which corresponds to 10
percent passing on the grain-size-distribution curve, is called Hazen’s
effective size. It is designated by the symbol D10. If the grain-sizedistribution curve extends to or below 10 percent passing, then the
Cu can be determined. The uniformity coefficient is the ratio
between the grain diameter, in millimeters, corresponding to 60
percent passing (D60) and 10 percent passing on the curve. Use the
following formula and record on the form:
D 60
C u = --------D 10
If D10 cannot be determined using the data from the sieve analysis, a
hydrometer analysis may be required to obtain information about the
smaller size grains and to extend the distribution curve to make it
more complete.
e. Determine the coefficient of curvature (Cc) by using D60 and D10 as
previously discussed and D30, the grain diameter, in millimeters,
corresponding to 30 percent passing on the grain-size-distribution curve.
These numbers are used in the following formula and recorded on the
form:
2
( D 30 )
C c = ----------------------------( D 60 × D 10 )
NOTE: The values for D60, D10, and D30 are obtained by going to the
percent passing by weight on the left vertical scale, then moving
horizontally across to the right until the grain-size-distribution curve
is intercepted, and then vertically down to the horizontal axis where
the diameter of the material is read in millimeters. See Figure 2-42,
for the completed gradation chart.
Step 25. Determine the gradation by using the abbreviated information listed
below. Record the information on the form.

Soils 2-77
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Figure 2-42. Sample DD Form 1207
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Figure 2-43. Sample DD Form 1794

Soils 2-81

FM 5-472/NAVFAC MO 330/AFJMAN 32-1221(I)

Table 2-9. Dispersing agents
Dispersing Agent

Stock Solution

Manufacturer

Concentration

Grams Per Liter

Sodium tripolyphosphate

0.4N

29

Blockson Chemical Co,
Joliet, IL

Sodium polyphosphate

0.4N

36

Blockson Chemical Co,
Joliet, IL

Sodium tetraphosphate
(Quadrofos)

0.4N

31

Rumford Chemical Works,
Rumford, NJ

Sodium
hexametaphosphate
(Calgon)

0.4N

41

Calgon Co, Pittsburgh, PA

Step 2. Determine the type of hydrometer. If the hydrometer scale ranges
from 1.000 to 1.038, it is a Type 151H and measures specific gravity of the
suspension. If the scale ranges from 0 to 60, it is a Type 152H and measures
grams per liter of the suspension. The dimensions for both hydrometers are
the same.
Step 3. Determine the composite correction.
NOTE:
Before performing the hydrometer test, a composite
correction for hydrometer readings must be determined to correct
for items that tend to produce errors in the test.
The first of these items needing correction is the meniscus reading.
Hydrometers are graduated by the manufacturer to be read at the
bottom of the meniscus formed by the liquid on the stem. Since it is
not possible to secure readings of soil suspensions at the bottom of
the meniscus, readings must be taken at the top and a correction
applied.
The second of these items needing correction is a result of using a
dispersing agent in the water to control flocculation. This leads to
errors in the analysis. While the dispersing agent assists in keeping
the soil grains from adhering to each other, it also increases the
specific gravity of the fluid used.
The net amount of the correction for the two corrections required is
designated as the composite correction.
a. Place about 500 milliliters of distilled water in a graduated cylinder.
b. Place the amount of dispersing agent that was used in step 1 in the
cylinder and mix well.
c. Add additional distilled water to the cylinder to reach the 1,000milliliter mark.
d. Place the hydrometer in the cylinder and allow it to settle for 20 to 25
seconds. Read the hydrometer at the top of the meniscus formed on the

2-82 Soils
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Table 2-12. Specific-gravity correction factors applied to hydrometer 152H
for computing partial percent finer
Specific Gravity

2.45

2.50

2.55

2.60

2.65

2.70

2.75

2.80

2.85

2.90

2.95

Correction Factor

1.05

1.03

1.02

1.01

1.00

0.99

0.98

0.97

0.96

0.96

0.94

f. Compute the total percent finer for each hydrometer reading and record
it on the form using the formula—
Total percent finer = partial percent finer x decimal fines (block 12)
PRESENTATION

OF

RESULTS
Plot the grain-size distribution on DD Form 1207 using the particle diameters
(D, grain-size, in millimeters) and the total percent finer (percent passing) and
connect the plotted points with a smooth curve (see Figure 2-44, page 2-88).
Read the curve on the form and determine if 3 percent or more of the particles
are smaller than 0.02 millimeter in diameter; if so, the soil is frost susceptible.
Frost-susceptible soils are listed in four groups in the order of increasing
susceptibility (see Table 2-13, page 2-89).
Soils in group F-4 have high frost susceptibility.
Record the frostsusceptibility group for the soil type in block 27 of DD Form 1794 (see Figure
2-43, page 2-81).
This curve can be used to determine the coefficient of uniformity (Cu) and the
coefficient of curvature (Cc).
The data in the example shown on DD Form 1794 (Figure 2-43, page 2-81) is
plotted on DD Form 1207 to give an example of such a curve for a mixed soil
(see Figure 2-44). For this soil, the diameter corresponding to 60 percent
passing (D60) is 0.5 millimeter. The diameter corresponding to 10 percent
passing (D10) is 0.0045 millimeter. Hence, the coefficient of uniformity is as
follows:
D 60
0.5
C U = --------- = ---------------- = 111.11
D 10
0.0045
The diameter for 30 percent passing (D30) is 0.024 millimeters. Thus, the
coefficient of curvature is as follows:

CC

2
· 2
( D 30 )
( 0.024 )
0.000576
= ------------------------- = ------------------------------ = ---------------------- = 0.256
0.00225
D 60 × D 10
0.5 × 0.0045
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Figure 2-44. Sample DD Form 1207
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