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5. If 5 to 12% of the test specimen passes the No. 200 sieve, the soil receives a dual classification. 

1. The first group corresponds to that of a sand or gravel having less than 5% fines (GW, 

GP, SW, SP), and the second symbol corresponds to gravel or sand having more than 

12% fines (GC, GM, SC, SM). 

6. If the specimen is predominantly sand or gravel but contains 15% or more of the other coarse-

grained constituent, the words “with gravel” should be included in the group name. 

7. If the sample contains any cobbles or boulder, the words “with cobbles” or “with cobbles and 

boulders” should be included. 

The flow charts included can be used to used to determine the group symbol and group name but 

should be confirmed with the above procedures. 

Example Classifications 

 

Soil 1 

 50% sand, 30% gravel, 20% fines, PI = 20, LL = 40 

 Because there is more than 12% fines and the fines plot as a CL on the plasticity chart, the soil is 

classified as a SC.  Because there is more than 15% of gravel, the group name includes “with 

gravel”. 

 Figure 4-4 shows the plasticity chart for example 1. 

 

Figure 4-4: Plasticity Chart example 1 

 The soil is classified as a clayey sand with gravel, SC. 

 Figure 4-5 shows the flow chart for example 1. 









5-73 
 

 Compaction Using Standard Effort 
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Compaction Using Standard Effort Student Handout 

Purpose 
Compaction is the process of densification of soil by reducing air voids.  The degree of compaction of a 

soil is measured in terms of dry unit weight.  All soil placed as engineering fill must be compacted to a 

predetermined density and water content to ensure the soil performs as intended.  Compaction can 

greatly impact vital engineering properties including shear strength, compressibility, and permeability.  

Compaction generally improves these engineering properties.  Laboratory compaction tests provide the 

basis for determining the percent compaction and water content that will result in optimal field 

conditions.   

For this lab, five specimens will be compacted at varying water contents to produce a compaction curve.  

Each group will test a different water content (both above and below a theoretical optimum water 

content) and combine the results into a single curve.  The combined data can be used to determine the 

maximum dry unit weight as well as the optimum water content of the soil.  The testing method used 

for this lab is only applicable to soils that have 20% or less by mass of particles retained on the No. 4 

sieve. 

Standard Reference 
ASTM D 698 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard 

Effort (12,400 ft-lbf/ft3 (600 kN-m/m3)). 

Materials and Equipment 

 4” diameter, 4.584” height cylindrical mold, volume .0333 ft3 (944 cm3) 

 5.5 lb hammer with a free fall distance of 12” 

 Sample extruder 

 Scale sensitive to 1 g 

 Straight edge 

 Mixing tools 

 No. 4 Sieve 

Procedure 
1. Weigh out approximately 6 pounds of the dried sample 

2. Calculate the amount of water required to achieve the desired water content. 

3. Mix the soil and water using the volcano method.  Mix thoroughly to ensure even distribution of 

the water. 

4. Weigh and record the mass of the mold and baseplate, both with and without the plate 

attached. 

5. Assemble the mold, securing the baseplate with the attached screws. 

6. Placing the mold on the floor, fill the mold with the mixture.  The compaction test is conducted 

in 3 layers and each layer should be approximately the same thickness after compaction.  

Compact each layer with 25 blows.  Every 5 blows should cover the entire area of the mold.   

7. Scar the surface of the compacted layer with a straight edge. 

8. Add the second layer of soil to the mixture and compact in the same way as steps 6 and 7. 

9. Add the final layer to the mold and compact again.  The final layer should extend above the lip 

of the mold but not by more than ¼”.  
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10. Remove the collar from the mold and use the straight edge to scrape the excess from the top of 

the mold. 

11. Record the mass of the specimen and the mold. 

12. Remove the specimen from the mold using the sample extruder 

13. Cut the outside edges of the specimen off until only the core is left.  

14. Place the core in a pre-weighed tin and weigh it. Break the sample apart to facilitate drying and 

place it in the oven. 

15. Record the weight of the dried specimen. 

16. After the sample has dried, do the required calculations and add them to the group sheet so 

everyone has the data. 

Calculations and Deliverables 

 Calculate total unit weight (γtotal) of each specimen: 

γ𝑡𝑜𝑡𝑎𝑙 =
𝑀𝑡𝑔

𝑉𝑚
 

 Mt= mass of moist soil 

 Vm= volume of mold 

 g= acceleration of gravity 

 Calculate water content of each specimen: 

𝑤 =
𝑀𝑤𝑔

𝑀𝑠
 

 Calculate dry unit weight: 

γ𝑑 =
γ𝑡𝑜𝑡𝑎𝑙

1 + 𝑤
 

 Plot dry unit weight vs moisture content ant draw the compaction curve as a line through the 

points.  Indicate the maximum dry unit weight and corresponding moisture content. 

 Plot the 100% saturation cure (zero air void). 

γ𝑍𝐴𝑉 =
𝐺𝑠𝛾𝑤

1 + 𝑤𝐺𝑠
 

 G = specific gravity of sandy soil ≈ 2.65 for sand 

 γw = specific weight of water 
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Instructor Notes 
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Set up time for the instructor: 3 hour 

Level of difficulty for students: 3/5 

Time to complete lab: 1.5 hours per group.  Up to 3 groups of 3 can participate at the same time.  Once 

the students complete the lab, they have to send their data to you to combine it.  Email the students a 

compilation of the data from all the groups.  Give the students a week to do their calculations and a 

week after you send out the combined data to complete the lab report. 

Lecture 

 Compaction is the densification of a soil through the removal of air.  It increases the dry unit 

weight of the soil sample.  The increase of the dry unit weight generally increases shear strength 

and decreases compressibility and permeability. 

 Compaction is done everywhere engineered structures are built: embankments, roadways, 

foundations.  

 3 methods for the standard proctor, depending on the grain sizes.  A standard proctor uses a 

5.5lb hammer, 12” drops, 25 blows/lift, and uses 3 total lifts. 

1. ≤ 20% retained on the No. 4 sieve (this is the test we will be conducting) 

2. > 20% retained on the No. 4 sieve and ≤ 20% on the 3/8” sieve 

3. > 20% retained on the 3/8” and < 30% retained on the 3/4" sieve. 

 A compaction curve is created by doing compaction tests both above and below the optimum 

moisture content.   Draw an example of a compaction curve as in Figure 5-1. 

 

Figure 5-1: Compaction and Zero Air Void Curves 

 From the compaction curve, you can see the maximum dry unit weight and the optimum 

moisture content, shows as the solid blue lines in Figure 5-1.  The zero-air void curve shows a 
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theoretical maximum dry unit weight if you could achieve zero air voids in the soil.  The zero-air 

void curve should never fall below the compaction curve. 

 Each groups test is one point on the compaction curve. 

 Water allows the soil molecules to rearrange themselves/move around and increases the dry 

unit weight.   

 Compaction in the field is done using various types of rollers.  The three main types are 

sheepsfoot rollers which are used mainly for clayey and silty soils, smooth drum roller which are 

used primarily in granular soils, and vibratory rollers which are used primarily for granular soils 

as well. 

 Field compaction can be measured as a percentage of optimum compaction that must be 

attained in the field.  This is referred to as the Relative Density (R) (%). 

Sample Preparation 

1. Using the large hand powered sieve shown in Figure 5-2 (not the sieve shakers), sieve enough of 

the material for each group in the lab to have 6 pounds of material.  All you need to do is pour 

moist material into the top of the No. 4 sieve and shake the device by the handles. 

 

Figure 5-2: Large Volume Sieve Shaker 

2. Once the soil has been sieved, there are two options.  The first option is the dry all of the soil so 

the students are starting at a water content of 0% for the lab.  The second option is the cover 

the soil and dry a small portion to determine the starting water content.  The first option is 

easier but requires more prepartion time in advance. 

Procedure: 

1. Weigh out approximately 6 pounds of the dried sample 


