                                       Lindfield and Highway Soil Tests

[bookmark: _GoBack]         As a geotechnical engineer, I have done three different types of test of Boston soils to find out which soil is great for highways and what is useful for Lindfield. The three types of test are: Sieve analysis test, Hydrometer test, and Atterberg limits test. Each test represents and comes up with different data to see if the soil is useful and good for the project or not.  
Sieve Analysis Test:
         The sieve Analysis test is performed to determine the percentage of different grain sizes contained within a soil. The mechanical or sieve analysis is performed to determine the distribution of the coarser, larger-sized particles, and the hydrometer method is used to determine the distribution of the finer particles. In the lab, the engineers were testing different types of soils, which are: Crushed Stone Dirty, Loess, Ottawa, Concrete Sand, Crushed Stone Washed, Glacial Till, Outwash, and River Alluvium. Each soil has percentage of fine and gravel. First, found the weight of each sieve and the weight of the soil that needed to test. Added each soil to the sieve analysis and placed them in the mechanical shaker and each soil had to shake for 10 minutes. When the shaker ended to shake the soils, removed the sieve analysis from the shaker and weighted each sieve with its retrained soil. After testing each soil, the result came up with different results. The coarser percentage of each soil at sieve ¾” is equal to 0% and at pan is 100%, but the finer percentage at ¾” sieve is 100% and at pan is 0%. The most important sieves are #4 and #200. For crushed stone dirty, the coarser percentage at sieve #4 is 46.28% and the finer is 53.72%. At sieve #200 the coarser is 91.61% and the finer is8.39%. For soil Loess at sieve #4 the coarser percentage is 5.85% and the finer is 94.15%, and at sieve #200 the coarser is 88.47% and the finer is 11.53%. For Ottawa soil, the coarser percentage at sieve #4 is 0% and the finer is 100% but at sieve #200 the coarser is 99.994% and the finer is 0.006%. At sieve #4 for concrete sand, the coarser percentage is 2.07% and the finer is 97.93%, and at sieve #200 the coarser is 99.46% and the finer is 0.54%.  
Figure 1.1
           Figure 1.1 shows the sieve analysis (% finer by weight / Sieve Dimeter) for the first 4 soils that have been tested in the lab. In the same place, the crushed stone washed has coarser percentage at sieve #4 99.55% and the finer is 0.44%, and at sieve #200 the coarser is 99.69% and the finer is 0.31%. Glacial Till soil at sieve #4 the coarser percentage is 17.35% and the finer is 82.65%, but at sieve #200, the coarser is 82.35% and the finer is 17.65%. Foe outwash soil, the coarse is 2.29% and the finer is 97.71% at sieve #4, and 99.45% for coarser and 0.55% for finer at sieve #200. Last test was for river alluvium soil. The coarse percentage at sieve #4 is 32.22% and the finer is 67.78%. At sieve #200 for the same soil, the coarser percentage is 96.03% and the finer is 3.97%. 
Figure 1.2

Hydrometer Test:
      Hydrometer test is performed to determine the percentage of different grain sizes contained within a soil. The hydrometer method is used to determine the distribution of the finer particles. The distribution of different grain sizes affects the engineering properties of soil. Grain size analysis provides the grain size distribution, and it is required in classifying the soil. 
       The procedure of this test is getting the soil from the bottom of the sieve which is pan and add 125 ml of water to the soil in a baker and shake them together for 5 minutes. After that added the soil to the cylinder. When the soil added to the cylinder, closed it from the top and shacked for 1 minute. After that, weighted the cylinder and recorded the weight. Once the cylinder got weighted, used the thermometer to make the reading first for 2 minutes and then made another reading after 4 minute, 8 minutes, 15 minutes, 30 minutes, 60 minutes, 160 minutes, 1060 minutes, 1240 minutes, 1480 minutes, 2200 minutes, and last reading wat at 2440 minutes.  In each reading the hydrometer was decreasing. The test was for three types of soil, which are Red Art, Kaolinite, and Boston Blue Clay. 
     For the first reading of Red Art got 40 and the reading was decreasing all the way until last reading to 10. After all the reading, calculated the percent finer and found the dimeter at each reading. The hydrometer type was ASTM 152H, temperature of the test was 28C, Meniscus correction is 1, and temperature correction is +2.15.  The second soil was Kaolinite. The first reading of Kaolinite was 37.5 and the reading was also decreasing till 25 at last reading at 2880 minutes. After all the readings, calculated the percent finer and found the dimeter at each reading. The last soil was Boston Blue Clay. The first reading of it was 32 at 2 minutes. Also, the reading was decreasing till 10 at 2867 minutes. When got all the readings, calculated the percent finer and the dimeter at each reading of the soil.
Figure 1.3
Atterberg limits test: 
      Atterberg limits test is performed to determine the plastic and liquid limits of a fine- grained soil. The liquid limit (LL) is arbitrarily defined as the water content, in percent, at which a part of soil in a standard cup and cut by a groove of standard dimensions will flow together at the base of the groove for 13 mm (1/2 in.) when subjected to 25 shocks from the cup being dropped 10 mm in a standard liquid limit apparatus operated at a rate of two shocks per second. In another hand, the plastic limit (PL) is the water content, in percent, at which a soil can no longer be deformed by rolling into 3.2 mm (1/8 in.) diameter threads without crumbling. In this lab, we tested the plastic limit and the liquid limit of three different types of soils which are: Red Art, Boston Blue Clay, and Kaolinite. 
      This lab is separating into two ways and two different tests. The first one was the plastic limit test. The procedure of doing this test was that added water to the soil and started rolling it until it has a dimeter of 1/8” and the break it up into pieces and put them into a container and measured the weight of it and then left it in the oven for 24 hours and then measured its weight after it heated for 24 hours. After doing that, the group of the engineers did some calculation to find the plastic limit of the soils. The liquid limit of Boston Blue Clay is 19, Red Art is 17, and Kaolinite is 40.   
      The second test was the liquid limit test. The procedure of this test was determining the number of drops of the cup and the soil was in it. The soil had to be tested in 4 different water contents. Once the soil was in the cup, made a straight-line hole. The range of drops of the first water content between 15-20 drops, the second water content was between 20-25, the last water content between 25-30 drops, and the last water content was 30-35 drops. After testing the three soils, Boston blue clay’s liquid limit is 28, Red Art is 31, and Kaolinite is 55.
Recommendations: 
       After testing three soils for Lindfield project, I highly recommend using Kaolinite soil for Lindfield because of its properties. Kaolinite’s fraction had been separated from the soils and free iron oxides and organic matter were removed to obtain the kaolinites. Kaolinite has a high percent finer and less percent coarse. It’s good for the Lindfield and it will not oxide with steel and iron in the foundations. 
      The ideals surface of an earth road should consist of (75% of sand, 20% gravel, and 5% of silt). After testing all types of soils in lab, I recommend mixing two types of soils together, one should be sand soil and the other should be gravel soil. 
       I highly recommend using loess for the sand because of its properties. Once we need to have a 5% of silt for the highway, loess has a significant amount of silt, which means that we do not need to have another soil that have silt. Loess at sieve #4 has a 94.2% finer, which is greater than the relative compaction of 90%. For gravel, I recommend using crushed stone dirty size ¾” because it is safe to drive upon, comfortable to walk, and the stones are heavy enough that will remain in place. Even if it at sieve #4 has a 53.77% finer, but its properties are good and safe for highways and road drives. 


Sieve Analysis 

Crushed Stone Dirty	0.75	0.375	0.187	7.8899999999999998E-2	3.3000000000000002E-2	1.6500000000000001E-2	5.8999999999999999E-3	2.8999999999999998E-3	1E-4	100	75.298294919890083	53.719433396484447	33.131751627918632	24.099469279700884	17.922788351755884	11.732306186718191	8.3911521523656489	0	Loess	0.75	0.375	0.187	7.8899999999999998E-2	3.3000000000000002E-2	1.6500000000000001E-2	5.8999999999999999E-3	2.8999999999999998E-3	1E-4	100	98.509888038479673	94.150051187052114	85.800874242350389	73.91572823737792	60.013974877719818	32.493215684362767	11.530899104632837	0	Concrete Sand	0.75	0.375	0.187	7.8899999999999998E-2	3.3000000000000002E-2	1.6500000000000001E-2	5.8999999999999999E-3	2.8999999999999998E-3	1E-4	99.998328821150437	99.998328821150437	97.92606704769544	91.737691767772986	76.098800093586021	45.653263812293197	3.6481834285905279	0.53644841070892824	0	Ottawa	0.75	0.375	0.187	7.8899999999999998E-2	3.3000000000000002E-2	1.6500000000000001E-2	5.8999999999999999E-3	2.8999999999999998E-3	1E-4	100	100	100	100	96.39859301303062	0.17387481013670936	1.9985610360606643E-3	5.9956831081677819E-3	0	Sieve Diameter (in)


% Finer by Weight 




Sieve Analysis 

Crushed Stone Washed	0.75	0.375	0.187	7.8899999999999998E-2	3.3000000000000002E-2	1.6500000000000001E-2	5.8999999999999999E-3	2.8999999999999998E-3	1E-4	97.164255617099499	3.5546831043148899	0.44386651496019169	0.44386651496019169	0.43761487390440834	0.40885732504781913	0.37009715050201919	0.31133172457769831	0	Glacial Till	0.75	0.375	0.187	7.8899999999999998E-2	3.3000000000000002E-2	1.6500000000000001E-2	5.8999999999999999E-3	2.8999999999999998E-3	1E-4	100	99.729421541910668	82.650122726657784	68.885410022999181	57.909588140932726	43.240370305946918	24.603312653408324	17.65137898378461	0	Outwash	0.75	0.375	0.187	7.8899999999999998E-2	3.3000000000000002E-2	1.6500000000000001E-2	5.8999999999999999E-3	2.8999999999999998E-3	1E-4	100	100	97.70396326341222	89.919838717419466	71.978751660026546	36.403782460519366	3.7024592393478315	0.55200883214132546	0	River Alluvium	0.75	0.375	0.187	7.8899999999999998E-2	3.3000000000000002E-2	1.6500000000000001E-2	5.8999999999999999E-3	2.8999999999999998E-3	1E-4	89.068246259229113	74.355015299963526	67.778838325706758	61.761320569327097	50.235815951264712	28.704977400971345	10.010948597737297	3.9681648465792563	0	Sieve Diameter (in)


% Finer by Weight 




%Finer VS. Dimeter

Kaolinit	2.8398063314247331E-2	2.0180615699229791E-2	1.4340319034107991E-2	1.04983252632662E-2	7.4775575334909104E-3	5.3631505044454356E-3	3.8275982460719846E-3	2.7250798917952232E-3	1.9399570441979721E-3	1.1447625299598166E-3	8.1978147494723649E-4	69.762533692722357	68.784097035040418	67.805660377358478	66.827223719676539	64.87035040431266	60.956603773584895	58.999730458221009	57.04285714285713	55.085983827493259	49.215363881401608	45.301617250673843	Red Art	2.7386000000000001E-2	2.0059E-2	1.4456E-2	1.0801E-2	7.9059999999999998E-3	5.751E-3	3.604E-3	1.4369999999999999E-3	1.333E-3	1.2199999999999999E-3	1.0009999999999999E-3	9.6400000000000001E-4	74.69	66.959999999999994	61.17	55.37	45.7	37.97	30.24	22.51	20.58	20.58	20.58	16.72	Boston Blue Clay	2.9505E-2	2.1021000000000001E-2	1.5193999999999999E-2	1.1254E-2	8.1770000000000002E-3	5.9319999999999998E-3	4.2469999999999999E-3	3.0400000000000002E-3	1.2489999999999999E-3	1.0759999999999999E-3	8.9999999999999998E-4	52.21	50.53	45.5	42.15	35.450000000000003	28.74	25.39	22.04	17.010000000000002	17.010000000000002	15.34	Dimeter


%Finer




