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84-028 BULK DENSITY (Clod Method) 

1. Application 

- 

1.1 Soil bulk density (Db) is the3ratio of the mass (g) of an oven-dry 
soil sample to the volume (cm ) of that sample at a specified 
moisture condition, e.g., field-moisture, l/3 bar, oven-dry, etc. 
It provides a measure of soil porosity and permits the 
recalculation on a volume basis of data expressed on a weight 
basis: $ water in soil by volume = bulk density X % water in soil 
by weight. 

The commonly used methods of measuring bulk density are the clod 
and core methods. In soil with well developed structure, the clod 
method generally gives somewhat higher bulk density values than the 
core method as the larger interpedal voids are not included in clod 
samples. However, for many soils lacking structure, clod and core 
methods yield closely similar results if the volume measurements 
are made at the same water contents. The choice of method depends 
upon the nature of the soil. For coherent soils, cores should be 
used; for cemented or stony soils, the clod method is more 
suitable. 

Several replicate samples are necessary to provide a good estimate 
of the bulk density of a soil horizon. In reporting bulk density 
data, the water content at which the volume measurement was made 
should be stated. Also indicate whether or not the values were 
corrected for particles coarser than 2 mm. 

The bulk density of clods can be calculated from their mass and 
volume. The volume may be determined by coating the clod with a 
water-repellent substance and by weighing it first in air, then 
again while immersed in a liquid of known density, making use of 
Archimedes' principle. The clod must be sufficiently stable to 
cohere during coating, weighing and handling. 

2. Apparatus and Materials 
2.1 Balance capable of weighing suspended samples. 
2.2 Nylon string (fishing line) 
2.3 Identification tags 
2.4 Oven 

3. Reagents 
3.1 Methyl ethyl ketone 
3.2 Dow Sarin Resin - 310 
3.3 Saran-methyl ethyl ketone solutions of ratios 1:4 and 1:8. 

Dissolve the resin by shaking on a paint shaker or by stirring with 
an electric stirrer in a fumehood. Keep the containers tightly 
closed to avoid evaporation and breathing the vapour. 

4. Procedure 
4.1 Select clods of about 50 to 200 cm3, 

off roots with scissors. 
trim off protrusions and cut 
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4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

Attach identification tags to string tied around sample. Determine 
the average weight of the string and tag (Wl). 
Under a fumehood, dip the sample into the plastic solution (1:8 for 
most soils; 1:4 for porous soils) and let dry for 30 minutes before 
weighing (W2). Dipping the samples before weighing prevents loss of 
sample if some slaking occurs. Previous experiments have shown that 
the first coating can be two to three times heavier than the average 
of many coatings. Therefore the first coating must be accomplished 
by rapid immersion in the Saran solution. 
Repeat dipping every 15 minutes until a thin continuous coat is 
observed and bubbles are no longer released during dippings. About 
3 to 7 dippings should be sufficient. Allow the final coat to dry 
for about 30 minutes. Record the total number of coatings (N). 
Weigh the sample in air (W3) and in water (W4) by suspending below 
the balance. 
Oven dry the clod on a sheet of aluminum foil by gradually raising 
the temperature from 50 to 105OC over a period of 3 days. This 
gradual heating gives the resin time to shrink and reduces charring. 
Remove the clod from the oven, allow it to cool to room temperature 
and weight it in air (W5). 
Dip the clod in the plastic solution a few times and allow to dry for 
30 minutes. Weigh in air 046) and in water (W7). Oven drying 
commonly cracks the coating and the clod takes up water as indicated 
by air bubbles. Coating the clod removes this possibility. 
Break the clod apart and separate the 2 mm material by sieving. The 
coarse material is washed in water, dried and weighed (a). The 
volume (b) is determined by measuring the displacement of water in a 
graduated cylinder when the material is added. This step is only 
carried out if the clod is suspected to contain more than 5% of the 
coarse material or there is wide variation in the bulk density 
values. 

5. Calculations 
5.1 Weight and volume of Saran coatings applied before oven 

drying. 

a) 

b) 

c) 

d) 

air-dry weight = Al = W3-W2 + W3 - W2 
N-l 

oven-dry weight = A2 = 0.9Al (Saran loses about 10% of its 
weight on drying) 

air-dry volume = Vl = Al 
1.3 

oven-dry volume = V2 = A2 
1.3 

The density of Saran is 1.3 g/cm3. 
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5.2 Weight and volume of Saran coatings applied after oven 
drying 

a) air-dry weight = A3 = W6 - W5 

b) volume = V3 = A3 
1.3 

5.3 Corrected weight of clods. 

a> field moisture = A4 = W3 - Al - Wl 

b) oven dry = A5 = W5 - A2 - Wl 

5.4 Corrected volume of clods. 

a) field moisture = V4 = W3 - W4 - ~1 

b) oven-dry = V5 = W6 - W7 - V2 - V3 

5.5 Bulk density 

a) field moisture = Dbm = A5 
TX 

b) oven-dry = Dbod = A5 
v5 

5.6 Field water content 

a) percent by weight = A&A5 X 100 
A5 

b) percent by volume = percent by weight X Dbm 

5.7 Clod bulk density corrected for coarse fragments 

a> Dbm = A5-a 
V&b 

b) Dbod = A5-a 
V5-b 

6. Precision and Accuracy 

6.1 After correction for the coarse material (if necessary) on duplicate 
samples, more than 50% of the results would be within 0.05, more than 
90% would b 
g/cd. 

e within 0.1 and more than 99% would be within 0.15 
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