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(Grain Size Analysis) 
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300 mm diameter, (Spun Brass Frames) 450 mm Sieve Shaker Motorized 

 

 

2.  I.S.: 1498:1970 (Reaffirmed Year : 2021), ''Classification and identification of soils 
for general engineering purposes" page 15,16. 
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(Liquid Limit & Plastic Limit) 
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Test 
Trial 
No. 

Dish 
No. 

wt. of 
dish 

wt.of 
dish 

+wet soil 

wt.of 
dish 

+dry soil 

wt.of 
dry soil 

wt. of 
moisture 

 
moisture 

No. 
of 

blows 

      g g g g g %   

L.L. 1 12 21.400 34.070 30.190 8.790 3.880 44.141 11 

  2 166 21.670 35.360 31.430 9.760 3.930 40.266 18 

  3 341 20.360 33.680 30.060 9.700 3.620 37.320 24 

  4 253 19.730 31.140 28.210 8.480 2.930 34.552 33 

  5 91 21.730 32.020 29.550 7.820 2.470 31.586 42 

 
P.L. 1 18 21.360 32.970 30.950 9.590 2.020 21.064   

  2 282 20.210 31.700 29.760 9.550 1.940 20.314   

  3 310 20.230 29.760 28.090 7.860 1.670 21.247   

L.L. P.L. P.I.   CLASSIFICATION OF SOIL 

37 21 16  C I 
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ii) 

 

 

If    =
  w2 – w1

Log10  ( N2/N1 ) 

  Where,         w2 = Moisture Content (%) corresponding to N1 blows. 

              w1 = Moisture Content (%) corresponding to N2 blows. 

 

 

 

 IS 2720: Part 5: 1985 (Reaffirmed Year : 2020 ),“Methods of Test for Soils – Part V, 
Determination of liquid and Plastic Limits”. 

 I.S.: 1498:1970 (Reaffirmed Year: 2021), “Classification and identification of soils 
for general engineering purposes” page 5, 11, 12 & 17.  
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(Specific Gravity) 

 

 . 

 

 -  

 

 

 

 

 

 

 

 

 

  

 

Trial No. 1 2 3 

Specific Gravity Bottle No.   14 15 16 
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Weight of empty bottle, W1                g 19.320 33.150 36.250 

Weight of bottle + Dry soil, W2 g 35.830 51.690 47.890 

Weight of   Dry soil g 16.510 18.540 11.640 

Weight of bottle + Water + Soil, W3 g 77.210 95.280 92.980 

Weight of bottle + Water, W4 g 66.890 83.830 85.680 

Temperature, T  oC 27.0 27.0 27.0 

Specific Gravity of water at T oC   0.9966 0.9966 0.9966 

 Specific Gravity of Soil at T oC, Gs   2.667 2.615 2.682 

Specific Gravity of   Soil at 27 oC   2.667 2.615 2.682 

Average Specific Gravity at 27 oC   2.655 

 

Specific Gravity, Gs = 
         W2 - W1 
(W4-W1) - (W3 -W2) 

Where, W1 = Weight of empty bottle/ flask/gas jar. 
W2 = Weight of bottle/ flask/gas jar with dry soil 

W3 = Weight of bottle/ flask/gas jar with soil and water 

W4 = Weight of bottle/ flask/gas jar completely filled with deaired distilled water. 

Calculate the specific gravity at 270 C, (G27) as follows: - 

G27 = K x Gs 

Where, 

 K =     
St. Gravity of water at room temperature ( Tx0C ) 

Sp. gravity of water at 270 C 

Gs = Specific gravity of soil at room temperature 

                                  .  
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Pycnometer Bottles 1000cc IS:2720 
(Part- III). 

Pycnometer Bottles 50cc IS:2720 (Part-
III). 

 

 IS 2720: Part 3: Sec 1: 1980 (Reaffirmed Year: 2021), "Methods of Test for Soils Part 
3-Determination of specific gravity, Section 1- Fine grained soils". 

 IS 2720: Part 3: Sec 2: 1980 (Reaffirmed Year: 2021), "Methods of Test for Soils Part 
3-Determination of specific gravity, Section 2-Fine, medium and coarsegrained soils." 

 Roy s. and Dass G. 2014, Statistical models for the prediction of shear strength 
parameters at Sirsa, India. Page no. 483-498. 
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(Compaction Test) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Weight of mould: - 2042gm.   Volume (V) = πr2h = 3.14× 52×12.73 = 999.305 cm3 

Diameter of mould: -i) 10.00 cm  
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Height of mould     ii) 12.73 cm  

Trial No. 1 2 3 4 5 

Wt. of mould + Soil   g 4030 4074 4032 4070 3774 

Wt.  of Soil g 1854 1898 1856 1894 1598 

Wet Density g/cm3 1.854 1.898 1.856 1.894 1.598 

Dish No.   11 21 127 184 187 

Wt. of empty dish  W1 g 70.000 70.000 72.000 70.000 68.000 

Wt. of dish + Wet Soil   g 308.000 340.000 364.000 346.000 324.000 

Wt. of dish + Dry Soil   g 260.000 280.000 286.000 282.000 282.000 

Wt. of Moisture lost   g 48.000 60.000 78.000 64.000 42.000 

Wt. of Dry Soil   g 190.000 210.000 214.000 212.000 214.000 

Moisture content   % 25.26 28.57 36.45 30.19 19.63 

Dry Density g/cm3 1.480 1.477 1.360 1.455 1.336 
 

 

 =( γm) 

γm = 
W2 – W1 

Vm 

Where  γm-Wet density of compacted soil in g/cm³ 

 W1 = weight in gm of mould and base  

 W2 = weight in g of mould, base and compacted soil. 

 Vm = Volume of mould in ml. 

 =( γd) 

γd = 
γm X 100 

100 + W 

Where,  W = moisture content of soil in percent.  

                γd = Dry density in g/cm³ 

               γm=Wet density of compacted soil in g/cm³ 

  --- Void ratio 
The void ratio (e) shall be calculated as follows: 

e = 
Gs X γw 

- 1 
γd 
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Where  Gs =Specific gravity of soil determined as per procedure described under 

specific gravity test. 

 γw =Unit weight of water in g/cm³  

 

--   Porosity- 

n = 1 - 
γd 

Gs X γw 

 Where the meaning of the terms γd, Gs, γw is the same as mentioned above 

 

 

 IS 2720: Part 7: 1980 (Reaffirmed Year: 2021), " Methods of test for soils. 
Determination of Water Content-Dry Density Relation Using Light Compaction. 

 IS 2720: Part 8: 1983 (Reaffirmed Year: 2020), " Methods of Test for Soils: 
Determination of Water Content-Dry Density Relations Using Heavy Compaction. 

 IS 12169: 1987 (Reaffirmed Year: 2020); Criteria for Design of Small Embankment 
Dams. Page 16 
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(Relative DensityTest) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 . :  

Height of mould = 17cm  Diameter of Mould: - 15 cm 

 Volume of Mould = = πr2h = 3.14× 7.52×17 = 3002.625 cm3  

Trial No. Wt. of empty 
mould 

Wt. of mould + soil 

1 398 4334 
2 398 4334 
3 398 4334 
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    :2 

Dry Method 

Trial 
No. 

Reduction in height after vibration 

Read 1 Read 2 Read 3 Read 4 

cm cm cm cm 

1 3.2 3.4 3.1 2.9 

2 3.2 3.4 3.1 2.9 

3 3.2 3.4 3.1 2.9 

MINIMUM   DENSITY   TEST 

Trial No. 1 2 3 

Wt. of bowl  g 398.0 398.0 398.0 

Wt. of bowl + sample  g 4334.0 4334.0 4334.0 

Wt. of soil   g 3936.0 3936.0 3936.0 

Minimum Density (D min) g/cm3 1.310 1.310 1.310 
 

MAXIMUM   DENSITY (DRY   METHOD) 

Trial No. 1 2 3 

Depth from mould 
top, after vibration 

Reading 1 cm 3.20 3.20 3.20 

Reading 2 cm 3.40 3.40 3.40 

Reading 3 cm 3.10 3.10 3.10 

Reading 4 cm 2.90 2.90 2.90 

Change in height after vibration cm 3.15 3.15 3.15 

Reduced Volume  cm3 2447.5 2447.5 2447.5 

Maximum Density (D max) g/cm3 1.608 1.608 1.608 
 

 

Formula Used: 70 % = 
D max (D - D min) 

X 100 
(D max - D min) 

 OR  

70 % Relative Density = 
D max X Dmin 

g/cm3 
0.30 D max + 0.70 Dmin 

= 
1.608 x 1.310  

(0.30 x 1.608) + (0.70 x 1.310)  

= 1.5052 g/cm3  
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. 

 

 

 IS 2720: Part 14: 1983 (Reaffirmed Year: 2020), “Methods of Test for Soils: 
Determination of Density Index (Relative Density) of Cohesionless Soils". 

 N. V. Nayak, Foundation Design Manual, 1979, pg.  no. 27. 
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(Shear Test, Small Box) 

   

Ø

 

 

 

 

 

 

 

 

 

 

 Ø

 

 

Compaction standard Light 
Normal Load 1.00 2.00 3.00 4.00 kg/cm2 

Proving Ring No. 800088 800088 800088 800088   
Least Count of P. R. 0.0638 0.0638 0.0638 0.0638 kg/cm2 

Least count strain dial gauge 0.01 mm  
 

 

Strain dial 
gauge reading 

Proving Ring 
dial Reading 

Proving Ring 
dial Reading 

Proving Ring 
dial Reading 

Proving Ring dial 
Reading 

Div. Div. Div. Div. Div. 

0 0 0 0 0 
50 4 7 12 18 
100 4 8 13 19 
150 5 8 14 20 
200 5 8 15 24 
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Strain dial 
gauge reading 

Proving Ring 
dial Reading 

Proving Ring 
dial Reading 

Proving Ring 
dial Reading 

Proving Ring dial 
Reading 

250 6 8 16 25 
300 6 9 17 25 
350 7 9 18 27 
400 7 10 19 28 
450 7 11 20 29 
500 7 11 20 30 
600 8 11 21 30 
700 8 12 22 31 
800 9 12 23 33 
900 9 13 23 33 
1000 9 14 24 34 
1100 9 15 25 35 
1200 10 15 24 34 

Moisture Content (After Test) 

Dish No. 1 2 3 4 

Wt. of dish                      g 0 0 0 0 

Wt. of dish + wet soil      g 120 91 89 141 

Wt. of dish + dry soil       g 98 62 60 112 

Compaction standard … Light 
Normal Load 1.00 2.00 3.00 4.00 kg/cm2 
Proving Ring No. 80088 80088 80088 80088   

Least Count of P. R. 0.01307 0.01307 0.01307 0.01307 kg/cm2 

Least count strain Dial Gauge 0.01 mm 

Normal Load 1.00 2.00 3.00 4.00 
Proving Ring No. 80088 80088 80088 80088 

Least count of 
P.R. 

0.01307 0.01307 0.01307 0.01307 

Strain dial gauge 
reading 

Proving Ring 
Dial Reading 

Proving Ring 
Dial Reading 

Proving Ring 
Dial Reading 

Proving Ring Dial 
Reading 

     

50 18 29 36 48 
100 24 32 44 57 

150 29 38 53 66 

350 42 62 79 94 
400 45 69 84 99 

450 47 73 88 99 
500 46 74 92 103 

600 44 76 98 109 
1100 38 67 94 116 

1200 38 64 91 111 
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 Ø

 

 

 

Sr.No
. 

Strain 
dial 

gauge 
readin

g 

Strain     

Proving 
Ring 
dial 

Reading 

Shear 
Stress 

Provi
ng 

Ring 
dial 

Readi
ng 

Shear 
Stress 

Provin
g Ring 

dial 
Readin

g 

Shear 
Stress 

Provi
ng 

Ring 
dial 

Readi
ng 

Shear 
Stress 

  Div. % Div. g/cm2 Div. g/cm2 Div. g/cm2 Div. g/cm2 

1 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 

2 50 0.833 18 0.235 29 0.379 36 0.471 48 0.627 

3 100 1.667 24 0.314 32 0.418 44 0.575 57 0.745 

4 150 2.500 29 0.379 38 0.497 53 0.693 66 0.863 

5 200 3.333 33 0.431 43 0.562 61 0.797 72 0.941 

6 250 4.167 37 0.484 49 0.640 69 0.902 79 1.033 

7 300 5.000 42 0.549 55 0.719 72 0.941 86 1.124 

8 350 5.833 42 0.549 62 0.810 79 1.033 94 1.229 

9 400 6.667 45 0.588 69 0.902 84 1.098 99 1.294 

10 450 7.500 47 0.614 73 0.954 88 1.150 99 1.294 

11 500 8.333 46 0.601 74 0.967 92 1.202 103 1.346 

12 600 10.000 44 0.575 76 0.993 98 1.281 109 1.425 

13 700 11.667 43 0.562 76 0.993 104 1.359 114 1.490 

14 800 13.333 43 0.562 74 0.967 104 1.359 123 1.608 

15 900 15.000 41 0.536 73 0.954 101 1.320 129 1.686 

16 1000 16.667 38 0.497 71 0.928 98 1.281 121 1.581 

17 1100 18.333 38 0.497 67 0.876 94 1.229 116 1.516 

18 1200 20.000 38 0.497 64 0.836 91 1.189 111 1.451 
Peak Shear Stress, 
kg/cm2 

0.614 0.993 1.359 1.686 

Ultimate shear stress, 
kg/cm2 

0.497 0.836 1.189 1.451 
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  Peak Ultimate 

Cohesion, kg/cm2 0.230 0.220 
Tan Ø 0.3622 0.3133 
Deg.-min 19 - 54 17 - 23 

Density of Soil Pat (Before Test) 
Wt. of Cutter g                         218.000 218.000 218.000 218.000 
Wt. of cutter + wet pat             g 365.000 365.000 365.000 365.000 
 Wt. of pat before saturation     g 147.000 147.000 147.000 147.000 
 Vol. Of pat                           cm3  90.000 90.000 90.000 90.000 
 Wet density of pat            g/cm3 1.633 1.633 1.633 1.633 

Average 1.633 

 

 

Direct Shear Apparatus - Small Box 

 
Proving Ring 

 

 IS 2720: Part 13: 1986 (Reaffirmed Year: 2021); Methods of test for soils: Part 13 
Direct shear test.  

 IS 12169: 1987 (Reaffirmed Year: 2020); Criteria for Design of Small Embankment 
Dams. Page 16. 
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((Shear Test, Large Box)

 

Ø

 

Large Box  

 

 

 

 

 

 

 

 

 

Normal Load 1.00 2.00 3.00 4.00 

Proving Ring No 71009 71009 71009 71009 

Least Count of P. R. 0.01092 0.01092 0.01092 0.01092 

Least count strain dial 
gauge 

0.01mm 0.01mm 0.01mm 0.01mm 

 

Strain dial 
gauge 

reading 

Proving Ring 
dial Reading 

Proving Ring 
dial Reading 

Proving Ring 
dial Reading 

Proving Ring dial 
Reading 

Div. Div. Div. Div. Div. 
0 0 0 0 0 

100 28 42 84 92 
200 34 51 94 112 

300 42 64 105 121 
400 45 78 118 132 
500 51 89 127 145 
600 55 99 131 157 
700 58 103 139 169 
800 62 108 142 183 
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Strain dial 
gauge 

reading 

Proving Ring 
dial Reading 

Proving Ring 
dial Reading 

Proving Ring 
dial Reading 

Proving Ring dial 
Reading 

900 66 110 154 191 
1000 68 115 167 205 
1500 72 118 178 218 
2000 70 121 176 226 
2500 69 120 174 237 
3000 68 119 171 228 
3500 64 115 167 226 
4000 61 113 164 221 
4500 61 109 158 211 

 

 

 

 Ø

 

 No.

Strain 
dial 

gauge 
reading 

Strain     

Provin
g Ring 

dial 
Readin

g 

Shear 
Stress 

Provin
g Ring 

dial 
Readin

g 

Shear 
Stress 

Provin
g Ring 

dial 
Readin

g 

Shear 
Stress 

Pro
vin
g 

Rin
g 

dial 
Rea
din
g 

Shear 
Stress 

  Div. % Div. g/cm2 Div. g/cm2 Div. g/cm2 
Div

. g/cm2 

1 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 

2 100 0.333 28 0.306 42 0.459 84 0.917 92 1.005 

3 200 0.667 34 0.371 51 0.557 94 1.026 112 1.223 

4 300 1.000 42 0.459 64 0.699 105 1.147 121 1.321 

5 400 1.333 45 0.491 78 0.852 118 1.289 132 1.441 

6 500 1.667 51 0.557 89 0.972 127 1.387 145 1.583 

7 600 2.000 55 0.601 99 1.081 131 1.431 157 1.714 

8 700 2.333 58 0.633 103 1.125 139 1.518 169 1.845 

9 800 2.667 62 0.677 108 1.179 142 1.551 183 1.998 

10 900 3.000 66 0.721 110 1.201 154 1.682 191 2.086 

11 1000 3.333 68 0.743 115 1.256 167 1.824 205 2.239 

12 1500 5.000 72 0.786 118 1.289 178 1.944 218 2.381 

13 2000 6.667 70 0.764 121 1.321 176 1.922 226 2.468 
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 No.

Strain 
dial 

gauge 
reading 

Strain     

Provin
g Ring 

dial 
Readin

g 

Shear 
Stress 

Provin
g Ring 

dial 
Readin

g 

Shear 
Stress 

Provin
g Ring 

dial 
Readin

g 

Shear 
Stress 

Pro
vin
g 

Rin
g 

dial 
Rea
din
g 

Shear 
Stress 

14 2500 8.333 69 0.753 120 1.310 174 1.900 237 2.588 

15 3000 10.00 68 0.743 119 1.299 171 1.867 228 2.490 

16 3500 11.66 64 0.699 115 1.256 167 1.824 226 2.468 

17 4000 13.33 61 0.666 113 1.234 164 1.791 221 2.413 

18 4500 15.00 61 0.666 109 1.190 158 1.725 211 2.304 
Peak Shear Stress, 

kg/cm2 
0.786 1.321 1.944 2.588 

Ultimate shear stress, 
kg/cm2 

0.666 1.190 1.725 2.304 

  Peak Ultimate 
Cohesion, kg/cm2 0.150 0.130 

Tan  0.6067 0.5489 

 eg - min 31 - 14 28 - 45 

 
 

Direct Shear Apparatus, Large Box 

 

 IS 2720: Part ३९/sec. १: 1977 (Reaffirmed Year: 2021); Methods of test for soils: Part 
39 Direct shear test for soils containing gravel, Section 1 Laboratory test. 

 IS 12169: 1987 (Reaffirmed Year: 2020); Criteria for Design of Small Embankment 
Dams. Page 16. 
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(Permeability Test)  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Length of soil sample: - 12.73 cm 

Diameter of soil sample: - 10 cm 
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Temperature of water: - 27.00 oC  
Dry density of soil: - g/cm2 

Variable Head Method 
Diameter of tube used. 1.00 cm 

Trial No. 

Head of 
water 

Time 

Initial Final  

cm cm sec 
1 300 297 1200 
2 297 294 1200 

3 294 291 1200 
4 291 288 1200 
5 288 285 1200 

 

Sample Length, L 12.7 cm C/S. Area of: Stand pipe, a  2.41 cm2 

Diameter of Sample D 10.0 cm Dry Density 1.485 g/cm3 

Sr.   
No. 

Temp.  T oC 
Initial Head, 

ho 

Final 
Head,  

h1 

Time,  
t   

K' at   T oC    

  oC cm cm sec 
   10 - 6 
cm/sec 

1 27 300 297 1200 1.07 

2 27 297 294 1200 1.08 

3 27 294 291 1200 1.09 

4 27 291 288 1200 1.10 

5 27 288 285 1200 1.11 

Average Permeability at T oC   0.544 
x 10 - 6 cm / 

sec 

Permeability at 27 oC = 1.091 X 10 - 6 cm / sec 

Constant Head Method 
Length of soil sample: - 17 cm 

Diameter of soil sample: - 20 cm 

Temperature of water- 27.00 oC 

Trial No. 
Head of water Time Water collected 

cm sec cc 

1 86 10 150 

2 86 10 150 

3 86 10 150 
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Sr.   
No. 

Temp.  
 T oC 

 Head, 
h 

Time, 
t 

Quantity of 
water 

collected, Q 

K' at    
T oC    

  oC cm sec cm3 
   10 - 6 
cm/sec 

1 27 86 10 150 9438.26 

2 27 86 10 150 9438.26 

3 27 86 10 150 9438.26 

Average Permeability at T oC   9438.26 
x 10 - 6 cm 

/ sec 

Permeability at 27 oC = 9450.379 X 10 - 6 cm / sec 

Coefficient of Permeability, K   = 
Q   x    L 
A x h x t 

 

The Co-efficient of permeability shall be calculated using the following formula: - 
 

A. Variable head method. 
K, (cm/sec) Co-efficient of permeability K, 

=    
   2.303 aL 

log10 (ho/ h1) 
A (t1 - 10) 

 Where,  
   L = Length of specimen in cm. 

 A = Cross-sectional area of specimen in cm2 
 a = Inside cross-sectional area of standpipe in cm2 
 ho = Initial head in cm. 
 h1 = Final head in cm. 
 t1 - 10 = Time interval in seconds in which head drops from ho to h1. 
 

B. Constant head method: 

Co-efficient of permeability, K (cm/sec) =    
Q x L 

A x h x t 
 Where,  h  = Constant hydraulic head causing flow, in cm. 

 A  = Cross - Sectional area of Specimen in cm2 
 Q  = Rate of flow in milliliters/second. 
 t   = Time Interval in Seconds. 
 L  = Length of specimen in cm. 

Temperature Correction. 

K 27
0C   = KT0c 

VT0 c 
V270 c 

 Where,  
  K and V are the co-efficient of permeability and co-efficient of viscosity of 

water  respectively.  
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  T0C is the temperature at the time of test. Report the co-efficient of 
permeability in  cm/sec, at 270 c --- K 27 0 c 

Degree of saturation. 
Calculate degree of saturation from the following formula: -  

S =   
MG 

e 
 Where, 

 M = Moisture content in % after test. 
 G = Specific gravity of soil           
 e = Void ratio. 

 

 

 

 IS 2720: Part 17: 1986 (Reaffirmed Year: 2021); Laboratory determination of 
permeability of fine soil (Variable head) 

 IS 2720: Part 36: 1987 (Reaffirmed Year: 2021); Laboratory determination of 
permeability of granular soils (Constant head) 

 IS 1498: 1970 (Reaffirmed Year: 2021; Classification and identification of soils for 
general engineering purposes. Page 23.  
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(Swelling Pressure Test) 
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Swelling Aparatus, Verriable Volume Method 

Swelling Aparatus, ConstantVolume Method 

 

 IS 2720: Part 41: 1977 (Reaffirmed Year: 2021); Measurement of swelling pressure of 
soils.  

 Swelling index based on Geotech engg. Dakhsina Murthy and Raman 1977, pg, 24  
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(Dry  Density test By Sand Replacement Method) 

 

 

 

 

Volume = Area x Height 

                   = A X H 

         = π/4 x D2 X H 

                     = π/4 x (10)2 X 12.73 

                    = 999.8 cm3 

                    = 1000 cm3 
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Sr.no. Observations  

1 Volume of calibrating container V cm3 1000 cm3 

2 Weight of Sand pouring cylinder + Sand 
W1gm (before pouring) 7476 

3 Mean Weight of cylinder + Sand (after 
pouring in mould) W 2 

5610 

4 Mean Weight of Sand in cone (of pouring 
cylinder). W3 436 

5 Weight of Sand to fill calibrating container 
Wa = (W1 -W2 - W3) gm 1430 

6 Bulk density of Sand                    
 Ys = Wa / V (gm/ cm3) 

1.43 
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Sr.no. Observations   
1 Weight of wet Soil from hole, Ww gm 2000 

2 Weight of cylinder + Sand W1 (before pouring) 
7476 

3 Mean Weight of cylinder + Sand (after pouring) W 4 5596 

4 Weight of Sand in hole, Wb =(W1-W4-W3) gm. 
(7476-5596-436=1444) 1444 

5 Volume of hole, Vn= Wb / Y s cm3. 
(1444 / 1.43 = 1009.8) 1009.8 

6 Bulk density    Yb = Wa / Wb X   Y s       g/cm3 
(2000 / 1009.8 = 1.98) 1.98 

7 Water content, W (%) 13.62 

8 Dry Density, Yd   = (Yb X 100)/ (100+W) gm/ cm3  
                             = (1.98 X 100) / (13.62 + 100) 
                             =1.74 

1.74 



 ३५   

 

 

 IS 2720: Part 28: 1974 (Reaffirmed Year: 2020); Determination of dry density of 
soils, in-place, by the sand replacement method. 
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Rate of Setting of particles at various Temperatures (Average Specific Gravity of soil 
assumed as 2.68) (Time for a fall of 100mm 

Temperature Diameter in mm 
0.001 0.002 0.006 0.02 

Time of Pipet 
Hr. Hrs Mins sec. 

10 40.8 10.19 68.00 367 
11 39.64 9.91 66.10 357 
12 38.55 9.63 64.20 347 
13 37.49 9.37 62.50 337 
14 36.39 9.10 60.80 328 
15 35.45 8.86 59.20 319 
16 34.49 8.62 57.60 310 
17 33.64 8.41 56.10 302 
18 32.73 8.18 54.60 294 
19 31.89 7.98 53.20 287 
20 31.10 7.77 51.8 280 
21 30.28 7.57 50.6 273 
22 29.55 7.38 49.30 266 
23 28.81 7.21 48.10 259 
24 28.12 7.03 46.90 253 
25 28.78 6.86 45.80 247 
26 26.81 6.71 44.70 241 
27 26.19 6.54 43.70 236 
28 25.6 6.40 42.70 231 
29 25.04 6.25 41.70 226 

30 24.46 6.12 40.80 221 

31 23.95 5.9 39.90 216 

32 23.44 5.86 39.10 211 

33 22.95 5.74 38.30 206 
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Temperature Diameter in mm 
0.001 0.002 0.006 0.02 

Time of Pipet 
Hr. Hrs Mins sec. 

34 22.50 5.62 37.50 202 

35 22.01 5.5 36.70 198 

36 21.36 5.34 35.60 192 

37 20.93 5.23 34.90 188 

38 20.53 5.13 34.20 185 

39 20.14 5.03 33.60 181 

40 19.77 4.94 33.00 178 

41 19.40 4.85 32.30 175 

42 19.03 4.76 31.70 171 

43 18.67 4.67 31.10 168 

44 18.36 4.59 30.60 165 

45 18.02 4.50 30.00 162 

46 17.72 4.43 29.50 159 

47 17.41 4.35 29.00 157 

48 17.14 4.28 28.60 154 

49 16.83 4.21 28.10 152 

50 15.95 3.99 26.60 144 
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500 M.L. Capacity cylinder filling with below 75 Micron Hearting and Sand 
Sample

Tacking a Pippet 

 
१. IS 2720: Part 4: 1985 (Reaffirmed Year: 2020); Methods of test for soils: Part 4 Grain 

size analysis.CDO code of Practice for design of Earth Dams 2003, Para 12.5, Page 3 
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Sr. 
No
. 

Forc
e in 
KN 

Pressure 
(Load) 
Kg/cm2 

Settlement 
Average 
(Col 4 to 

7) 

Settlements 
in cms Dial 

reading         
x 0.001 

Settle
ments 
in cms Dial Gauge Reading L.C.= 

0.001cm 

1 2 3 4 5 6 7 8 9 10 
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Sr. 
No
. 

Forc
e in 
KN 

Pressure 
(Load) 
Kg/cm2 

Settlement 
Average 
(Col 4 to 

7) 

Settlements 
in cms Dial 

reading         
x 0.001 

Settle
ments 
in cms Dial Gauge Reading L.C.= 

0.001cm 

1 2 3 4 5 6 7 8 9 10 
      2005 2276 1904 1831 2004 2.004 0 
1 2 0.1234               
      1955 2222 1861 1794 1958 1.958 0.046 
2 4 0.2467               
      1917 2179 1823 1764 1920.75 1.92075 0.083 
3 6 0.3701               
      1884 2141 1790 1739 1888.5 1.889 0.116 
4 8 0.4934               
      1863 2114 1763 1715 1863.75 1.864 0.140 
5 10 0.6168               
      1839 2080 1728 1692 1834.75 1.835 0.169 
6 12 0.7401               
      1817 2051 1600 1669 1784.25 1.784 0.200 
7 14 0.8635               
      1795 2025 1570 1652 1760.5 1.7605 0.22 
8 16 0.9868               
      1783 2007 1550 1639 1744.75 1.745 0.259 
9 18 1.1102               
      1748 1965 1500 1598 1702.75 1.703 0.301 

10 22 1.3569               
      1693 1900 1423 1543 1639.75 1.640 0.318 

11 26 1.6036               
      1667 1865 1380 1510 1605.5 1.606 0.399 

12 30 1.8503               
      1642 1832 1336 1479 1572.25 1.572 0.432 

13 36 2.2204               
      1607 1786 1276 1432 1525.25 1.525 0.479 

14 42 2.5905               
      1523 1679 1230 1326 1439.5 1.440 0.565 

15 48 2.9605               
      1431 1553 1166 1210 1340 1.340 0.664 

16 54 3.3306               
      1336 1422 1004 1097 1214.75 1.215 0.789 

17 60 3.7007               
      1243 1280 908 967 1099.5 1.100 0.859 

18 66 4.0707               
      1151 1140 810 840 985.25 0.985 0.936 

19 72 4.4408               
      1084 1044 667 760 888.75 0.889 1.000 

20 78 4.8109               
      975 968 585 635 790.75 0.791 1.073 

21 84 5.1810               
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Sr. 
No
. 

Forc
e in 
KN 

Pressure 
(Load) 
Kg/cm2 

Settlement 
Average 
(Col 4 to 

7) 

Settlements 
in cms Dial 

reading         
x 0.001 

Settle
ments 
in cms Dial Gauge Reading L.C.= 

0.001cm 

1 2 3 4 5 6 7 8 9 10 

      752 793 450 446 610.25 0.610 1.225 
22 90 5.5510               
      686 690   345 573.67 0.574 1.211 

23 96 5.9211               
      492 538   164 398.00 0.398 1.363 

24 102 6.2912               
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  IS No. 2720 Part 40: Determination of Free Swell index of Soils 
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Sr. No. Soil Groups Soil Types M.D.D. g/cm3 O.M.C.      % Cohesion "C" 

kg/cm2 
Angle in 

Degree (00) 
Permeability (K) 

10-6cm/s 
Liquid Limit         % Unit Dry 

Weight g/cm3 
Plasticity Index 

(Ip) % 

1 2 3 4 5 6 7 8 9 10 11 
1 GW 

Casing 
(Pervious 
Blanket) 

˃ 1.907 ˂ 13.30 0.0 to 0.10 ˃ 38.31 10000 to 40000 N.A. 2.00 to 2.16 ---- 

2 GP ˃ 1.763 ˂ 12.40 0.0 to 0.20 ˃ 36.50 30000 to 98000 N.A. 1.84 to 2.00 ---- 

3 GM ˃ 1.830 ˂ 15.00 0.04 to 0.34 ˃ 33.82 1 to 1000 N.A. 1.92 to 2.16 Ip ˂ 4 

4 SW 
1.828 to 1.988  10.80 to 

15.80 
0 to 0.10 37.59 to 39 ˃ 1000 N.A. 1.76 to 2.08 ---- 

5 SP  1.731 to 1.795 11.40 to 13.40 0.17 to 0.29 35.75 to 37.23 ˃ 1000 N.A. 1.60 to 1.92 ---- 

6 SM 

Hearting        
( Impervious 

blanket, 
Impervious 

core)  

 1.814 to 1.846 14.60 to 15.40 0.05 to 0.10 27.00 to 32.00 1 to 1000 N.A. 1.76 to 2.00 Ip ˂ 4 

7 SC  1.824 to 1.856 14.60 to 15.40 0.05 to 0.17 27.92 to 33.82 0.01 to 1 N.A. 1.68 to 2.00 Ip ˃ 7 

8 GC ˃ 1.840 ˂ 15.00 0.09 to 0.29 ˃ 30.96 0.01 to 1 N.A. 1.84 to 2.08 Ip ˃ 7 

9 ML, MI  1.634 to 1.666 18.30 to 19.70 about 0.09  30.11 to 33.42 1 to 1000 ML ˂ 35 & MI 35 to 50 1.52 to 1.92 Ip =  
0.73 (wL-20),  
wL = Liquid 

Limit 
10 CL, CI 

 1.714 to 1.746  16.97 to 
17.00 

0.10 to 0.14 26.56 to 30.11 0.01 to 1 CL ˂ 35 & CI 35 to 50 1.52 to 1.92 

11 MH 1.246 to 1.374 32.80 to 39.20 0.11 to 0.29 27.78 to 27.47 1 to 100 ˃ 50 1.12 to 1.52 

12 CH 1.478 to 1.542 23.80 to 26.20 0.07 to 0.19 14.57 to 23.75 0.01 to 1 ˃ 50 1.20 to 1.68 

13 OH - -   - -   - 0.01 to 1  ˃ 50 1.04 to 1.60 

14 OL, OI -  - -   - -   1 to 100 OL ˂ 35 & OI 35 to 50 1.28 to 1.60 

15 Pt Compaction not practical & not used construction so remove from Foundation.   
Refrences IS:12169-

1987, 
(Reaff.2020) 

pg. 19 

IS:12169 -
1987 
(Reaff.2020) 
pg-    19 

IS:12169 -
1987, 
(Reaff.2020) 
pg- 19    

IS:12169 -
1987, 
(Reaff.2020) 
pg- 16   

IS:12169 -
1987, 
(Reaff.2021) 
pg- 16   

IS:12169 -
1987, 
(Reaff.2020) 
pg- 16   

IS:1498 -
1970(Reaff.2021) 
pg- 22   

IS:1498-1970 pg- 5   IS:1498-1970 
pg- 22 

IS:1498-1970, 
2021 pg- 17 
(Reaff.2021)   

             Soil Engineering by Theory and Practice by Alam Singh, Pg. No. 70,71   
Notes:  1.Soil Engineering in Theory & Practice by Alam Singh, Year-1967, pg.70,71 2)IS: 1498-1970(Reaffirmed 2021) Classification and Identification of Soils for General Engineering 
Purposes. 3) IS: 12169-1987(Reaffirmed2020) Criteria for Design of Small Embankment Dams 4) For the GW, GP groups, refer to columns 4-8 in Alam singh's Book (1) 5)For the SW, SP groups, 
refer to columns 4-7 in Alam singh's Book (1) 6) For the "C" Values of GW, GP, GM, SW and G C groups, refer showcase chart of soil Testing Division. 7)The angle values for the GW, GP, SW 
and SP groups are derived from Alam singh's Book (1) 8) The Permeability, the value of GW & GP groups are based on combination of Alam singh book and IS 1498. 9) Not applicable (NA) for 
coarse- grained soil. 10) The provide value are for reference only. All design must be based on actual test results. 11) Prepared by B.B. Tuse, (Sect.engr) A.D. fulpagare, (Assst.Engr. gr. II) S.J. 
Bagul, (AE-1) and D.D. Parkhe (SRO) on 30.08.2024. 
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Table -2: Swelling Pressure and Swelling Index For various types of soil 

Degree 
expansion 

Swelling 
pressure 
(kg/cm2)  

Swelling Index  

Low   0.5  0.0 - 0.1 

Medium 1.5 -2.5  0.1 - 0.2 

High 2.5 - 9.8  0.2 - 0.5 

Very high > 9.8  0.5 - 0.75 

Extra High - 0.75 - 1.00 
Ref: 1. Swelling Pressure - and Swelling Index - Based on Geotech Engg. 
Dakhsina Murthy and Raman 1977, Pg. No.24 

 

Table-3: Filter criteria for Sand Filter Design 

D15 (F)/ D85 (B) D15 (F)/ D15 (B) D50 (F)/ D50 (B) Remarks 

Less than 5 
Between            
 4 and 20 

Less than 25 
Test result of sand is in 
respect to base material 
(Hearting zone) 

Less than 5 
Between                 
4 and 20 

Less than 25 
Test result of sand is in 
respect to base material 
(Casing zone) 

Ref: CDO Code of practice for design of earth dams 2003, Para 13.5.1, Page -34 

B = Base Material, F = Filter Material / Sand. 

 

Table-4: Characteristics of soils based on Relative Density 

Relative Density % Soil Compactness 
Angle of shearing 

Resistance 

0 - 15 Very loose 25o - 30o 

15 - 35 Loose 27o - 32o 

35 - 65 Medium 30o - 35o 

65 - 85 Dense 35o - 40o 

85 - 100 Very Dense ˃ 41o 

Reference: - N. V. Nayak, Foundation design manual, 1979, Pg. No. 29  

 

 

 

 



 ६१   

 

Table-5: Typical values of Specific Gravity 

Type of soil Specific Gravity 

Sand 2.65 - 2.67 

Silty sand 2.67 - 2.70  

Inorganic clay 2.70 - 2.80 

soil with mica or iron 2.75 - 3.00 

Organic soil 1.00 - 2.60 
 Ref:- Roy, S. and Dass, G., 2014, Statistical models for the prediction of shear strength parameters at Sirsa, 
India.,483-498 

                                                                                                                                                                                                                                                          

Table-6: Values of Safe Bearing Capacity According to Indian Standards 

Cohesion less soil Cohesive Soil 

Description 

Safe 
bearing 
capacit
y t/m2 

Description 

Safe 
bearing 
capacit
y t/m2 

1. Gravel, sand and gravel, 
compact and offering high 
resistance to penetration when 
excavated by tools  

45 

1. Soft shale, hard or stiff clay 
in deep bed, dry. 

45 

2. Coarse sand, and dry  
45 

2. Medium clay readily 
indented with a thumb nail. 

25 

3. Medium sand, compact and 
dry 25 

3. Moist clay and sand clay 
mixture which can be indented 
with strong thumb pressure. 

15 

4. Fine sand, slit (dry lumps 
easily pulverized by the 
figures) 

15 
4. Soft clay indented with 
moderate thumb pressure. 10 

5. Loose gravel or gravel 
mixture; coarse to medium 
sand. dry  

25 
5. Very soft clay which can be 
penetrated several inches with 
the thumb. 

5 

6. Fine sand, loose and dry 

10 

6. Black cotton soil or other 
shrinkable or expansive clay in 
dry condition (50 per cent 
saturation) 

13-16 

Ref: Soil Mechanics and foundation,17th Edition, B. C. Punmia, Pg. No.688 

Note -1) All above values are guidance only. Design should be based on test Results.                                                      
2)This chart prepared by A.B. Lokhande (JSA), Sanjay Bagul (ARO) under guidance of D.D. Parkhe, SRO on dated 
18.3.2020.  update: 23.08.2024 



 ६२   

 

 
 Akroyed-(1957); Laboratory Testing in Soil Engineering. 
 Arpad Kezdi-(1980); Hand Book of Soil Mechanics Soil Testing (Volume 2). 
 Holtz W. G. (1959); Identification   of Expansive Clays ", Quarterly Journal of Colorado   

School of Mines. 
 IS 2809: 1972 (Reaffirmed Year: 2020); Glossary of Terms and Symbols relating to Soil 

Mechanics. 
 IS 2720: Part 15: 1965 (Reaffirmed Year: 2021); Determination of Consolidation 

Properties. 
 IS 3400: Part 2: 1965 (Reaffirmed Year: 2019); Methods of Tests for Vulcanized 

Rubbers, Part II Hardness. 
 IS 2720: Part 17: 1986 (Reaffirmed Year: 2021); Methods of Test for Soil-Laboratory 

Determination of Permeability. 
 IS 5192: 1969 (Reaffirmed Year: 2018); Specifications for Vulcanized Rubber 

Compound. 
 IS 1498: 1970 (Reaffirmed Year: 2021); Classification and Identification of Soil. 
 IS 2720: Part 5: 1970 (Reaffirmed Year: 2020); Determination of Liquid Limit and 
Plastic Limit. 

 IS 2720: Part 6: 1972 (Reaffirmed Year: 2021); Determination of Shrinkage Factors. 
 IS 2720: Part 13: 1972 (Reaffirmed Year: 2021); Direct   Shear Tests. 
 IS 2720: Part 1: 1972 (Reaffirmed Year: 2020); Preparation of Dry Soil Samples for 
Various Tests. 
 IS 2720: Part 2: 1973 (Reaffirmed Year: 2020); Determination of Water Content  
 IS 2720: Part 28: 1974 (Reaffirmed Year: 2020); Determination of Dry Density of Soils 
in Place by the Sand Replacement Method. 
 IS 2720: Part 4: 1975 (Reaffirmed Year: 2020); Grain Size Analysis. 
 IS 2720: Part 36: 1975 (Reaffirmed Year: 2021); Laboratory Determinations of 
Permeability of Granular Soils (Constant head). 
 IS 2720: Part 29: 1975 (Reaffirmed Year: 2020); Determination of Dry Density of Soils 
In-Place by the Core-Cutter Method. 
 IS 2720: Part 14: 1975 (Reaffirmed Year: 2020); Determination of Density Index 
(Relative Density) of Cohesionless Soils. 
 IS 2720: Part 39 sec 1: 1977 (Reaffirmed Year: 2021); Direct Shear Tests for Soils 
Containing Gravel - Laboratory Test. 
 IS 2720: Part 3 sec 1: 1980 (Reaffirmed Year: 2021); Determination   of Specific Gravity 
- Fine Grained Soils. 
 IS 2720: Part 3 sec 2: 1980 (Reaffirmed Year: 2021); Determination of Specific Gravity-
Fine, Medium and Coarse-Grained Soil. 
 IS 2720: Part 7: 1980 (Reaffirmed Year: 2021); Determinations of Water Content Dry 
Density Relation Using Light Compaction. 
 IS 2720: Part 8: 1983 (Reaffirmed Year: 2020); Determination of Water Content Dry 
Density Relation Using Heavy Compaction. 
 Kapadia R. I.-(1972); Hand Book on Quality Control, Vol. I -Earth Work. 



 ६३   

 

 Lambe T. W.-(1962); Soil Testing for Engineers. 
 Purl A. N.-(1949); Soil, Their Physics and Chemistry", Reinhold Publishing 
Corporation, New York, U.S.A. 
 Sherrard et al - (1966); Earth and Earth Rock Dam. 
 Terzaghi and Peck-(1961); Soil Mechanics in Engineering Practice", Second Edition. 
 U. S. B. R.-(1968); Earth Manual. 
 IS 2720: Part 12: 1981 (Reaffirmed Year: 2021); Determination of shear strength 
parameters of soil from consolidated undrained triaxial compression test with 
measurement of pore water pressure. 
 IS 2720: Part 41: 1977 (Reaffirmed Year: 2021); Measurement of swelling pressure of 
soils. 
 IS 2720: Part 40: 1977 (Reaffirmed Year: 2021); Methods of test for soils: Part 40 
Determination of free swell index of soils. 
 IS 4968: Part 3: 1976 (Reaffirmed Year: 2021); Static cone penetration test. 
 IS 2720: Part 10: 1991 (Reaffirmed Year: 2020); Determination of unconfined 
compressive strength. 
 IS 2720: Part 25: 1982 (Reaffirmed Year: 2020); Determination silica sesquioxide ratio. 
 IS 2720: Part 23: 1976 (Reaffirmed Year: 2020); Determination of calcium carbonate. 
 IS 2720: Part 24: 1976 (Reaffirmed Year: 2020); Determination of Cation Exchange 
Capacity. 
 IS 2720: Part 22: 1972 (Reaffirmed Year: 2020); Determination of organic matter. 
 IS 2131: 1981 (Reaffirmed Year: 2021); Standard penetration test for soils. 
  IS 2720: Part 30: 1980 (Reaffirmed Year: 2021); Laboratory vane shear test. 
 IS 1888: 1982 (Reaffirmed Year: 2021); Method of load test on soils. 
 IS 6403: 1981 (Reaffirmed Year: 2021); Code of practice for determination of bearing 
capacity of shallow foundations. 
 WRD, Government Resolution no. 

 

Dated  

 WRD, Government of Maharashtra Resolution (Amendment)No. 

 


