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Sieve Analysis
The distribution of a soil's particle sizes, namely the amounts of gravel, sand, and clay, determines its textural class. Texture is a relatively permanent aspect of soil that affects a variety of physical and chemical processes in the soil. The degree of surface activity that the mineral particles exhibit has a direct bearing on this impact. Particle size, which determines total specific surface area, and clay type, which affects relative surface reactivity, are also factors that affect surface activity. The kind of clay cannot be determined using particle size distribution analysis, which quantifies particle size categories. The textural triangle, a crucial benchmark for classifying soil physical and chemical behaviour based on surface activity, may be used to determine soil class using information from particle size distribution. Sieve analysis is a technique for figuring out the distribution of particle sizes.
As suggested by the name, sieves are the primary piece of equipment used in sieve analysis. Small soil particles can flow through the evenly spaced and formed apertures of the sieves while larger ones are retained.
Significance and use
Due to the fact that particle size affects how quickly water or other fluids travel through soil, particle size distribution is used to categorise soils for engineering and/or agricultural applications. Rocks and soils' tensile strength and load-bearing capabilities are impacted. The earliest geotechnical engineering laboratory to categorise soil according to grains is said to have used sieve analysis. When a load is applied, the features of the soil, the range of grain sizes in the soil mass, the form of the grain layers, and the structural stability of the soil can all be identified by the soil classification.
Equipment
· Stack of sieves with a cover
· Balance (sensitive to 0.1g)
· Mechanical sieve shaker
· Cleaning Brush

Standard Reference
ASTM D 422 – Standard Test Method for particle size analysis of Soil






Procedure
1. To determine the original sample weight, collect a representative oven-dried soil sample and weigh it (As shown in photo 1).
Photo 1
2. To ensure that each sieve is clean before weighing it (as shown in photo 2), use a brush to remove any grains lodged in the sieve mesh aperture. Record the weight of each sieve as well as the bottom pan to be used in the analysis.
Photo 2
3. The sieves should be stacked from the smallest mesh aperture (0.063mm) to the greatest mesh opening (125mm), in that sequence (as shown in photo 3). To collect the soil that passes through the smallest sieve, place the pan underneath it.
Photo 3
4. Place the stack of the sieve with the pan on a mechanical sieve shaker and carefully pour in oven-dried soil sample on the top sieve (as shown in photo 4), then place a cover on the top to avoid dust and soil particles to be lost while shaking.

5. Clamped sieves down to mechanical shaker (as shown in photo 5) to prevent the sieves from tipping over when the machine is on.
Photo 5
6. Set the mechanical shaker to operate for 10 minutes
7. After the shaker stops, weigh and record the weight of each sieve with its retained soil and also the pan that retained soil that passed through the smallest sieve.
Calculation
1. Subtract the weights obtained from the empty sieve from the weights of the sieves with retained soil and record this mass as the retained soil weights for each sieve on the datasheet. The sum of these retained masses should be approximately equal to the initial mass of the soil sample, a loss of more than one percent is unacceptable.
2. Calculate the percentage retained on each sieve by dividing the retained soil weight on each sieve by the Total sample mass.
3. Calculate the percentage pass by subtracting the percentage retained from 100% as a cumulative procedure. 
For example: -Total sample mass = 1000g
                         -Mass retained on sieve 2mm = 12.53g
                         -Mass retained on sieve 1.16mm = 20.27mm



Sieve 2mm
-12.53/1000 x 100% = 1.253% retained on sieve 2mm
-100 – 1.253 = 98.747% passed through sieve 2mm
Sieve 1.16mm
-20.27/1000 x 100% = 2.027% retained on sieve 1.16mm
-98.747 – 2.027 = 98.72% passed through sieve 1.16mm
4. Using the Datasheet, Determine the percentage of Gravel vs. Sand vs. Silt, then plot a Semilogarithmic graph showing grain vs. % finer(as shown below).
Analysis and Result
Particle size distribution table with Total sample mass =1000g
	Sieve size (mm)
	Mass retained (g)
	% Mass retained
	% Mass passed

	2
	12.53
	1.253
	98.747

	1.18
	20.27
	2.027
	96.72

	1
	57.14
	5.714
	91.006

	600 µm
	186.07
	18.607
	72.399

	300 µm
	587.79
	58.779
	13.62

	212 µm
	83.76
	8.376
	5.244

	150 µm
	22.67
	2.267
	2.977

	0.63 µm
	2.71
	0.271
	2.706

	Pan (<0.63 µm)
	26.06
	2.606
	N/A



This table shows the total sample mass grain size distribution between gravel, sand, and silt from the above table.
	Mass sample type
	% Pass sieves
	% Retained on sieves

	Gravel
	98.747
	1.253

	Sand
	95.77
	95.77

	Silt
	2.877
	2.606







Conclusion
In this lab exercise, "Sieve Analysis of Fine and Coarse Aggregates," I came to the conclusion that to determine whether aggregates are suitable for use in the construction of structures and buildings, we must sieve a quantity of gravel and sand from coarse down into fine pieces, separating the particles according to their sizes. We will then check to see if the sieved aggregates are evenly distributed, and our graphs with the percentage of each sieve size will demonstrate which has more. Because it will make our structure more robust and well-built, aggregates used in construction must come in a variety of sizes (fine and coarse). I draw the conclusion that the overall sand was more than the overall aggregate, but we learned how to utilise and separate various aggregate sizes by sieving to determine whether percentages of each size are linked and suitable for use in building various buildings.


















Atterberg Limit Test
Atterberg, a Swedish scientist, created a technique to characterise the consistency of fine-grained soils with different moisture levels in the early 1990s. The water that corresponds to the various behaviour patterns of fine-grained soil, such as silt and clay, is known as the Atterberg limit. Liquid, plastic, semisolid, and solid are the four (4) states of consistency that Atterberg limits can exist in. The liquid limit is the boundary between the liquid and plastic phases, while the shrinkage limit is the boundary between the plastic and semisolid states. If the soil that is now liquid is gradually dried out, it will eventually reach the solid stage after passing through the liquid limit, plastic limit, semisolid limit, and shrinkage limit. The water content at which soil transitions from a liquid to a plastic state is used to quantify the liquid, plastic, and shrinkage limits. The plasticity index distinguishes between the liquid limit and the plastic limit. The following explanation is restricted to the calculations and test methods for the two Atterberg tests since the liquid limit and plastic limit are the two(2) most often encountered Atterberg limits.
The soil's moisture limit, or liquid limit, is the point at which it transitions from a liquid to a plastic condition. Along with the plastic limit, it offers a system for classifying soil and aids in figuring out various oil qualities.
Standard reference
BS 5930:2015 - Code of practice for ground investigations
Importance
· We can determine the water content at which soil will flow underweight and allow shear strength to sustain a building by determining the liquid limit.
· To determine the water content at which soil may be shaped differently.
Practical application
· The values of the liquid and plastic limits are used to categorise fine granular soil.
· The liquid limit and plastic limit values are used to calculate the soil's flow, toughness, and plasticity indices.
· To determine the liquid limit values in order to determine the stability of soil for building construction.





Equipment
· Standard liquid limit tool
· Grooving tool
· Balance
· Mixing dish
· Spatula
· Glass plate
· Containers
· Oven

Procedures
Liquid Limit
1. Place 150 to 200 grammes (g) or so of the soil into the porcelain dish. Assume that the soil was air-dried, then pulverised after being put through a No. 40 sieve. To create a smooth, homogenous paste, thoroughly combine the soil with a tiny amount of distilled water. Cellophane should be used to cover the dish to keep moisture inside.
2. Four of the empty moisture cans should be weighed with their lids, and the weights and can numbers should be noted on the datasheet.
3. By measuring the height of the cup's drop, you may adjust the liquid limit gadget. The cup's point where it meets the base should rise to a height of 10 mm. The block, which is 10 mm high and serves as a gauge, is located on the end of the grooving tool. Learn how to use the cup, then calculate how fast to turn the crank such that the cup descends around twice per second.
4. At the point where the cup sits on the base of the liquid limit device, add some of the previously mixed soil to the cup. Spread the soil into the cup to a depth of approximately 10 mm at its deepest point and squeeze the dirt to remove any air pockets. The dirt pat should be somewhat horizontal in shape.
5. Cut a smooth, straight groove through the middle of the cup with the grooving tool. As the groove is being created, the tool should continue to be perpendicular to the cup's surface. Take great care to avoid letting the dirt slide across the cup's surface.
6. Make sure the cup's underside is dirt-free, as well as the equipment' foundation beneath it. Count the number of drops required to make the two sides of the dirt pat touch at the bottom of the groove across a distance of 13 mm by turning the apparatus' crank at a pace of around two drops per second. Record the number of drips on the datasheet unless there are more than 50 drops, in which case moves on to step 8 without recording the number of drops.
7. Using the spatula, sample the soil by going from edge to edge. The soil on both sides where the groove made contact should be included in the sample. Place the soil in a moisture-containing environment. Remove the lid, weigh the moisture can holding the soil right away, and note its mass before putting the can in the oven. At least 16 hours should pass while the moisture container is in the oven. Fill the porcelain dish with the dirt that is still in the cup. The cup on the device and the grooving tool should be cleaned and dried.
8. Mix together the entire soil sample in the ceramic bowl. To enhance the water content and reduce the quantity of droplets needed to seal the groove, add a tiny amount of distilled water.
9. For at least two more attempts, repeat steps 6 through 8 to produce progressively fewer drips that seal the groove. Three trials are required: one for a closure requiring 20 to 30 drops, one for a closure requiring 15 to 25, and one for a closure requiring between 25 and 35 drops. Utilizing the same technique as the previous laboratory, calculate the water content from each trial. Always use the same balance when weighing anything.
Plastic Limit:
1. The remaining empty moisture cans should be weighed together with their lids and the weights and can numbers should be noted on the datasheet.
2. Add distilled water to the last few grams of the initial soil sample until the dirt is pliable enough to roll without adhering to hands.
3. Create an ellipsoidal mass out of the dirt. Between the palm or fingers and the glass plate, roll the bulk. Use around 90 strokes per minute with enough pressure to roll the bulk into a thread with a consistent diameter. (A stroke is a continuous forward and backward motion of the hand from the beginning position.) Within two minutes, the thread must be bent such that its diameter reaches 3.2 mm.
4. Break the thread into multiple pieces once the diameter reaches the desired diameter. Reroll the pieces after kneading and forming them into ellipsoidal masses. Till the thread collapses under the pressure needed for rolling and can no longer be rolled into a 3.2 mm diameter thread, alternate rolling, gathering together, kneading, and re-rolling.
5. Put the soil into a watering container, cover it, and gather the pieces of the thread that have fallen apart together. Add dirt from the following trial to the can if it does not already have at least 6 grams of soil in it. Remove the lid, weigh the moisture can holding the soil right away, and note it’s mass before putting the can in the oven. At least 16 hours should pass while the moisture container is in the oven.
6. At least two more times, repeat steps 3, 4, and 5. Utilizing the same technique as the previous laboratory, calculate the water content from each trial. Always use the same balance when weighing anything.





Analysis and result
Liquid Limits:

	Liquid Limit
	Plastic Limit

	1
	2
	3
	4
	5
	6
	7

	Types of test
	LL
	LL
	LL
	LL
	PL
	PL
	PL

	Container #
	LL1
	LL2
	LL3
	LL4
	PL1
	PL2
	PL3

	WT of wet soil +cont
	9.43
	13.35
	13.39
	12.89
	8.01
	9.40
	8.18

	WT of dry soil +cont
	8.02
	10.66
	10.68
	10.24
	7.24
	8.31
	7.39

	Wt of container
	4.72
	4.69
	4.69
	4.72
	4.73
	4.73
	4.81

	Wt of moisture
	1.41
	2.69
	2.71
	2.65
	0.77
	1.09
	0.79

	Wt of dry soil
	3.30
	5.97
	5.99
	5.52
	2.51
	3.58
	2.58

	Moisture content
	42.72
	45.05
	45.24
	48.01
	30.68
	30.45
	30.62

	Number of blows
	32
	22
	19
	15
	N/a
	N/a
	N/a



The graph below shows a plotted graph that shows the liquid limit test sample result
[image: C:\Users\krump\Downloads\New Document(1)_1 (1).jpg]

Plastic limit:
The plastic limit for the calculation is the average moisture content of all three trials as shown below
30.68 + 30.45 + 30.62= 30.58%
                 3
Constant Head Test
The goal of this test is to use the constant head test method to figure out how permeable sandy soil is. In the laboratory, permeability tests of two main categories are frequently carried out.
1. The constant head test method.
2.  The falling head test method. 
For permeable soils, the constant head test technique is employed, whereas the falling head test is mostly utilised for less permeable soils. The standard operating procedure for calculating the coefficient of permeability by the constant head technique for granular soils will be covered in this lab report.
Significance 
Water flow through the soil is referred to as permeability. This feature is required for the computation of seepage through earth dams or beneath sheet pile walls, the calculation of seepage from waste storage facilities, and the calculation of the rate of settling of clayey soil deposits.
Equipment
· Constant Head permeameter
· Constant Head filter tank
· Funnels
· Tamper
· Balance
· Cylinder
· Scoop
· Thermometer
· Stopwatch

Procedure
1. Measure the dry soil and the pan's original mass.
2. By unscrewing the knurled cap nuts and raising the cap and top chamber of the permeameter off the tie rods, you may remove them. The upper and lower chambers' interior diameters should be measured. Determine the permeameter's average internal diameter.
3. One porous stone should be placed on the inner support ring at the bottom of the chamber, followed by a layer of filter paper.
4. To avoid the segregation of particle sizes while placing the soil into the permeameter, combine it with an adequate amount of distilled water. It is important to add enough water so that the mixture can flow easily.
5. The prepared soil should be poured into the bottom chamber using a scoop in a circular motion to fill it to a depth of 15 mm. The layer should develop uniformly.
6. Compact the dirt layer with the tamping tool. Per layer, use around ten rams of the tamper to evenly cover the soil's surface. Up until the soil is 20mm or less from the top of the bottom chamber portion, repeat the compaction process.
7. Don't forget to replace the upper chamber portion and the rubber gasket that fits in between the chamber pieces. Avoid disturbing the already-compacted dirt by taking care. When the soil levels are 20 mm or less below the top chamber’s rim, continue the placement process. A filter paper and then an upper porous stone should be placed on a levelled top layer of soil.
8. Replace the chamber cap and its sealing gasket, then put the compression spring on the porous stone. With the cap nuts, securely fasten the cap.
9. Calculate the average length of the sample by measuring it four times around the permeameter's perimeter. As the sample length, note it down.
10. In the drying oven, keep the pan with the leftover soil.
11. The funnel's level should be adjusted such that the water level within is always a few inches above the soil's surface.
12. Keep the valves on top of the permeameter open when attaching the flexible tubing from the funnel's tail to the bottom output.
13. To catch any possible leakage, run tubing from the top exit to the sink.
14. Allow water to enter the permeameter by opening the bottom valve.
15. Close the control valve and let water to flow out of the outlet for a while as soon as the top control (desiring) valve starts to emit water.
16. Disconnect the tube at the bottom and close the bottom output valve. Connect the top side port of the funnel with the tubing.
17. To produce a somewhat constant flow of water, open the bottom output valve and lift the funnel to a reasonable height.
18. Give the flow pattern enough time to stabilise.
19. Using the graduated cylinder, time how long it takes to fill a 750–1000 mL amount, and then gauge the water's temperature. Calculate the average temperature, average duration, and average volume after doing this process three times. Put the numbers down as Q and T, accordingly.
20. The vertical distance between the chamber outflow level and the funnel head level should be measured and recorded as H.
21. With a different vertical distance, repeat steps 17 and 18.
22. Take the pan out of the drying oven and weigh it along with the dry soil to determine its ultimate mass.




Analysis and Result
Calculate the permeability, using the following equations:
                                                K = Q x A
                                                      AxTxH
Where:
K = Coefficient of permeability
A= Area of flow
L= Length of flow line
H= Hydraulic head
T= Time in seconds
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Figure 8 - plotted graph of the liquid limit results





image8.jpeg
i

N e

,,_/ﬁd 1 K -~ ;Q e
: — A xhxt

duder veyl 793 mm. % — —

B . 9.2 _ _
1’ Mo - —
—lkl an - . — —

A B B

M, d‘“ 70 ~mM — — —

RA - - .
Ve dlkee 0.0\, -
M Ve 70 pw b e preg norndlic
el S G o SR
=S vl S0 S
¢S M
lus " _
| |50 wl = o, 5 Coml,

; e wl W

| s

i, e

—





image1.jpeg




