Soil Science and Soil Physics - Labs 

Laboratory exercise 1

Particle size distribution (1-3) and solids density (4). 

Tasks: 
· Determine the particle size distribution for the given sample, determine percentage of fractions (clay, silt, sand) and classify soil according to the triangle diagram of grain sizes (NRSC USDA).
· Determine solids density for the given sample using pycnometer

· Add the results to the Final report about the soil characteristics

Follow the tasks in given order 1, 2+4 and 3
1. Particle size distribution – mechanical preparation of the soil sample


For the analysis by sedimentation and sieving

Tools: 2 mm sieve and pan, mortar, boiling kettle, sodium hexametaphosphate, gas burner, calibrated cylinder 100 ml, calibrated cylinder 1000 ml, funnel, demineralized water
Directions:
Gently loosen the soil (app. 100 g) without grinding stones, sieve through 2 mm sieve, keep the finer grains, dispose remains on the screen.
Weight app. 40 g of fine soil, recalculate for dry solids using gravimetric moisture w (oven dry)
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j – weighted sample – air dry [g]

s – recalculated for dry solids [g]

w – using gravimetric moisture of air dry soil [cm3.cm-3]

add 40 ml of sodium hexametaphosphate and 100 ml of demineralized water. Boil for 15 minutes – stir or move on the flame. Cool down the kettle, carefully separate all clay and silt particles to 1000 ml cylinder by washing the boiled suspension, keep sand particles in the kettle!!!

When washing water is clear, place kettle with clean sand particles into the oven and dry at 105°C (follow #3 at the end of the class)

Fill the 1000 ml cylinder to approach 20°C of the suspension – mix when filling with the mixing tool.

2. Casagrande densimetric method
Tools: calibrated cylinder 1000 ml, funnel, manual mixer, densimeter, thermometer, timer

Directions: mix well without spilling out, measure temperature, mix again, remove mixer (time to =0s of commenced sedimentation), gently insert the densimeter and read density at 30 s, 1 min, 2 min, 5 min, 10 min (later 25 min, 50 min and 75 min) – related to the original time (not intervals between measurement!!! Read upper meniscus of the densimeter. Write down readings R (not the density) R=(*1000-1000), ie. 5.2, 15, 30 not 1.0052, 1.015, 1.030.
Use meniscus correction (c=0.5). 
Calculation: Percentage of weight fraction smaller than given diameter of the grains D is calculated
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Where:
O – weight fraction of the particles at given time [% weight]

s – dry solids [g]

s – solids density [g.cm-3]  (use value measured by pycnometer from the  task #4)
R – densimetric reading
c – meniscus correction 

m – temperature correction (m = 0.0055T2- 0.0373T- 1.44), where  T – temp. of suspension [oC]

Grain size D relevant to O (Stokes law of sedimentation
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D grain size [mm]
 dynamic viscosity of the fluid (water) (= e-0.025T) [g.s-1.cm-1]
s – solids density [g.cm-3]  (pycnometer)

o – specific density of the water [g.cm-3]  (o = -5.10-6 T2 - 5.10-6 T + 1)

adequate depth of the densimeter in the suspension [cm] 
(here H is calculated for one specific densimeter, correctly parameters for each densimeter vary, use an excel form for specific densimeter to calculate you correct H). See additional excel file (densimeter calibration) for calculation of H.
R – densimetric reading
g – gravitational constant (in cm!!!) [981 cm.s-2]

ttime of measurements [s], vsedimentation velocity [cm.s-1],  T – temper. of suspension  [oC]

Draw D/O in the form of particle size distribution (summation curve) in semilogaritmic manner. Dry sand fractions to be analyzed by sieving and added to this graph as well.

3. Sand fraction - Sieving
Tools: pan, scale, sieving machine, pad
Directions:
Dry solids are separated by the direct analysis on the sieves with mesh (1.25 mm, 0.8 mm, 0.5 mm, 0.25 mm a 0.1 mm). Combine sieves biggest to smallest mesh opening top to bottom of the column. Place all dry sand on the top, close in the machine and shake for 5 minutes. Disaggregate sieves and weight the solids. Recalculate the samples to original dry sum of all solids (40 g sample – moisture) as percentage.
Calculation
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where
pi is the percentage of grains retained on ith sieve [% weight]

mi is weight of the fraction retained on ith sieve [g]

s – dry solids [g]

total percentage fraction is determined by subtraction of dry sand samples from the 100% total the most coarse first  2 mm=100% finest last (bigger than 0.1  mm)
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Where:
Pi is total percentage of grains retained on the 1st to ith sieve [% weight]

pi is percentage of grains retained on ith sieve [% weight] 
4. Determination of solids density (s) 
Tools: pycnometr (100 cm3), porcelain bowl, funnel in stand, wash-bottle, scale, glass bar, wire cleaner

Directions: boil shortly 10 g of soil (jp) in 10 ml of sodium hexametaphosphate solution in demineralized water, let cool and carefully transfer to pycnometer via glass funnel using glass bar and wash-bottle. Measure the temperature by micro-thermometer in the pycnometer – must reach 20oC. Then close pycnometer having no air in the system (incl. the glass stopper with capillary). Dry pycnometer with filter paper and cloth, weight pycnometer. 

Get values for the same process for clean solution without the soil from the teacher. Work carefully, do not loose any grains.

Calculation:
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Where:
V – volume of soil [cm3] , m – weight of the sample recalculated for dry fine solids [g], 
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, jp – weight of air dry fine grains [g],
w – gravimetric moisture in fine grains at 20°C [cm3.cm-3]

a – weight of pycnometer with demineralized water [g], 

b – weight of pycnometer with soil suspension in water [g]
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