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Abstract 
 
Soil Water Potential (SWP) is defined as the water potential energy per unit 

mass of water in a system. The total water potentials of a specimen are the 

sum of four component potentials (Ψt): matric (ψm), gravitational (ψg), 

pressure (ψp), and osmotic. In this research, a Dew point potentiometer 

(WP4) is used to measure the sum of the matric and osmotic potentials in a 

soil specimen and to create the Soli-Water Characteristics Curve (SWCC). 

Water content of 18% were prepared for compaction test for the Jolly blue 

clay. Humboldt Automatic Mechanical Compactor is used for the standard 

Proctor compaction test. It was found that the dry unit weight of the soil does 

not affect its suction and subsequently the Soil-Water Characteristic Curve 

(SWCC). 

 

Key words: Soil-water characteristics curve, Fine-grained soils, Soil 

suction, compaction water content, jolly blue clay. 

 

1 Introduction 
 

Soil suction in the applications of geotechnical engineering is a good 

characteristic. The parameters that influence on the soil suction  
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have been studied and improved. New models were developed to describe 

the mathematical modeling of soil suction. Also, the importance of suction 

measurements were highlighted in various civil engineering projects by 

several researcher[1,2][6-9]. These studies indicated that the soil suction, ψ, 

influences the unsaturated soil behavior. 

Many studies have presented to study and improved the soil-water 

characteristic curve (SWCC), which describes the relation between the water 

content w, and soil suction ψ. Several soil suction measurement devices, such 

as tensiometer, transistor psychrometer, pressure extractor, geotechnical 

centrifuge, hanging column, thermal conductivity sensor, and chilled mirror 

hygrometer (WP4) were used for establishing the soil-water characteristic 

curve (SWCC)[10].  

      A Dew point Potentiometer "WP4", which works based on the chilled 

mirror concept, was used in this study.The device includes a dew point 

sensor, equipped with a mirror, a locked block chamber that is a 

photoelectric cell, a temperature sensor that is a thermo-couple, an infrared 

thermometer, and a fan. The dewpoint potentiameter measures the total 

suction ψ. The total suction is the summation of the osmotic suction ψo and 

the matric suction ψm. This device can measure up to 80 MPa [3]. 

      The chilled mirror hygrometer method is a proper method for making 

limitations for soil suctions in the range of 500 kPa to 100 MPa. This method 

utilizes when the soil suctions close to saturation level are not required. It 

usually utilizes to define the dry end of soil-water characteristic curve SWCC 

(water contents corresponding to suctions is more than 1000 kPa). 

      In order to get accurate measurements, calibration is committed to 

accomplish for any device. In this work, the WP4 device is calibrated using a 

criterion solution of (0.5 M) KCl which when it must yield a value of 2.19 + 

0.1MPa at 25

C.  The measuring soil total suction measurement were 

accomplished based on a proper guidelines provided by Decagon Services 

Ltd., USA. 2002. 

      In this work, two experiments for two fine-grained soils are conducted to 

measure the total soil suction of a locally available Jolly blue clay. This study 

explains effect of the soil type, dry unit weight, and gravimetric water 

content on the SWCC. 
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2 Material and Compaction Test 
 

2.1 Soil Properties 
 

Over 150 lbs of clay were collected from Jolly Road (Lansing) MI. by 

Geo-Environmental Engineering Laboratory Technician Michigan State 

University. These amounts of clay are used for soil water suction 

measurement purposes. 

      Two buckets of sieved clay soil were collected, one was a little dry 

(30.60 lbs) and the other was moist (24.35 lbs). 

      In the present study, soil were used and characterized per grain size 

according to [4][5]. The properties of the Jolly blue clays are 2.72 for the 

specific gravity, 36.5 for the liquid consistency limits, 21 for the plastic 

consistency limits, 15.5 for plasticity consistency indexes. The characteristics 

of the criterion Proctor compaction of this soil are presented in the Table 2 

presented in Appendix.It can be observed that the Jolly blue clay has γd-max 

of 103.19 lb/ft3 corresponding to targeted water content, w of 18.0% and Sr 

of 75.9 %. 

 

2.1.1 Targeted Water Contents 
 

Water content of 18% were prepared for compaction test for the Jolly 

blue clay. The total weight of deionized water (DI) that used for the mixture 

was calculated and presented in Table 2, presented in the Appendix. The 

sample was prepared and then mixed with the corresponding amount of 

deionized water mentioned above inside a double bag made of plastic in 

order to get the mixing process by a squeeze bottle and spatula easier.Bags 

tight hardly with strings to prevent water loss. All samples left for three days 

inside the bags to let the clay soil absorb all water uniformly.  

 

2.2 Significance of the Compaction Test  
 

      Mechanical compaction can be defined as the most common effective 

technique used for stabilizing soils. The executions and analyses of field 

control tests are the most important missions of geotechnical engineers to 

confirm that compressed loads (in this work) match the modeling features 

(water content and the density). For a specified compressive exertion, the 

water content that corresponds to the maximum dry density is referred by the 

optimum water content. The optimum value of the water content is a critical 

parameter in the soil compression test. Soil compression of water content 

lower than the optimum value of water content usually results in a 

flocculated soil construction that has the opposite features to that  
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corresponding at a higher value of optimum value of the water content to the 

same value of density (Das).  

      In this study, Humboldt Automatic Mechanical Compactor is used for the 

standard Proctor compaction test as shown in Fig. (1). It is appropriate for 

standard or adjusted proctor compaction tests to be modified for (12" or 18") 

drop and accommodating (4" or 6") inside diameter molds. The 

corresponding volume of 4 inch (101.6 mm) diameter and 4.584 inch (116.4) 

in height is 943.9 cm3. Test results show that the Humboldt Compactor can 

give results within 1 % when compared with hand compaction on a 4" 

diameter mold.[1] 

Equipment for the Experimental Work 

 

• Compaction mold (4 in.). 

• Standard Proctor hammer (5.5 lbs). 

• Balance sensitive up to 0.1 g. 

• Jack. 

• Steel scope. 

• Moisture cans. 

• Drying oven. 

 

                            
Figure 1: Humboldt automatic compactor with 5.5 lbs hammer. 

 

2.3 Test Procedure 
 

In this test, only one sample of Jolly blue clay with the water content of 

(18%) were tested. Procedure steps are listed as follows: 

1. Calculate the weight of the Proctor mold and the base plate 

(extension is not included) and denote that by W1, measured in lbs.  

2. Divide the height of mold (4.5") into three parts of length of 1.5" 

by a marker pen. 
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3. Connect the extension to the mold top. 

4. Set up the height of (5.5 lb) hammer to be a 12".   

5. Place the first layer of clay soil in the mold by using steel scoop 

and then place the mold on the turntable and clamp tightly.  

6. Set the predetermining counter to 24 and press the start button on 

the machine to start.  

7. Raise hammer by using Stop-Jog switch after the five blows to 

straight the layer-using spatula; in order to get a uniformly compacted layer 

before pouring the next layer of loosed soil into the mold. 

8. Add the second layer and third of moist clay soil and repeat the 

steps above.  

9. Unscrew the mold from the turntable and remove the top 

attachment from the mold.  

10. Use a straight edge (spatula) to prune the surplus soil above the 

mold. 

11. Determine the new weight of the mold, the base plate, and the 

compressed moist clay. Add these weights together (summation of these 

weights) and denote the result by the symbol W2 measured in lbs. 

12. Remove the base plate from the mold and extrude the cylinder of 

the compressed clay soil from the mold by using the jack shown in Fig. (2).   

13. Placed the extruded compacted clay soil cylinder in two plastic 

bags and closed it very tight, to be prepared for water suction measurements. 

 

  
Figure 2: Compaction jack to extrude the compacted clay sample from a 4" inner 

diameter mold. 
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14. Determine the dry unit weight and water content of clay sample 

as follow: 

After accomplishing the test, some measurements and calculations are 

accomplished, for sample No. 2 as an example, as: 

 Wight of bowl (B9) was denoted by W3 and measured to be 

W3= 92.4 g.  

 The weight of both bowl (B9) and the weight of moist clay soil 

were added together,  denoted by W4 and measured to be  W4 = 148.4 g. 

 The moisture bowl with the moist clay sample is put in the oven 

at 105

 C for 24 hours to dry for a constant weight.  

 After dry process, the weight of the bowl (B9) and the weight of 

the dry clay soil were added together, denoted by W5 and measured to be W5 

= 144.8 g. 

 The moist unit weight (γ), which represent the ratio of the moist 

clay weight to the mold volume, was calculated by Eqn. 1 as, 

30/1
12 WW 


                                                                                          (1) 

In this work, the moist unit weight calculated based on the numerical values 

measured during the test so that the value of W2 and W1 were 14.20 lbs. and 

9.55 lbs, respectively. Plugging these values in Eqn. (1) led to a moist unit 

weight, γ =139.5 lb/ft3. 

 Compaction water content was calculated using Eqn. (2) as, 

100(%)
35

54 x
WW

WW
w






                                                                            (2) 

In this work, the weights W3, W4, and W5 were 92.4 lbs, 148.8 lbs, and 

144.8 lbs, respectively.  Plugging these values in Eqn. (2) led to a 

compaction water content of w (%) = 6.87. 

 The dry unit weight (γd) was calculated using Eqn. (3) as,        

 100

(%)
1

wd








                                                                                       (3) 

          The numerical value of γ and w (%) was already calculated using Eqn. 

(1) and Eqn. (2). Based on that, the corresponding value of the dry unit 

values was γd =130.53 lb/ft3 

 

3 Experimental Program 
 

3.1 WP4 Dew Point Potentiometer   
 

WP4 is used to measure the sum of the matric potentials and osmotic in a 

specimen. Often one or the other of those potentials will be the main factor in  



                                                                                                                  
 

 

 

 

 

 
 

Effect of Compaction and Water Content on the Soil-Water Characteristic Curves 

of Fine-Grained Soils using WP4 Dew Point Hygrometer for Jolly Blue Clay  4472 
  

solving the total of the potentials. An example of that, solutions such as the 

KCl calibration standard have just an osmotic component. Soils connect 

water fundamentally over matric forces.  

The water potential measured by using WP4  by equilibrating the liquid 

phase water of the specimen with the vapor phase water in the headspace of a 

locked chamber. Finally, the vapor pressure of the headspace was measured. 

      In the WP4 shown in  Fig. (3), a specimen is laid in a sample cup closed 

against the sensor block. The sensor block consists of a dew point sensor, a 

fan, an infrared thermometer, and a temperature sensor. The dew point sensor 

can measure the dew point temperature of the air. The infrared thermometer 

is used to measure the temperature of the sample. The fan is used to speed 

equilibrium and to control the boundary layer conductance of the dewpoint 

sensor. 

      In the headspace, the vapor pressure of the air was calculated from the 

measurements of the saturation vapor pressure at the dewpoint temperature. 

When the headspace air is in equilibrium with the water potential value of the 

sample, the measurement of the headspace vapor temperature and the 

pressure of the sample (where the saturation vapor pressure is computed) 

determine the water potential value of the specimen. 

WP4 Dew point Potentiometer can be utilized to provide a quick and precise 

measurements necessary to establish a soil moisture characteristic, which is 

the relationship between and soil water content, w% and soil water suction, 

ψ, consequently) and to classify the soil to its expansive tendency terms.. 

Figure 3: (a) Photo of WP4 Dew point potentiometer, and disposal sample cup, (b) 

Details of the block chamber. 
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Temperature plays a critical function in determining water suction. Most 

critical is the measurement of the variance between specimen and 

temperature of dew point. Temperature variance error of 1

C corresponds an 

error of 8 MPa . In order to get precise measurements of water potential in 

order of  0.1 MPa error, the measurements of temperature variance need to be 

precise to a limit of 0.005

C. 

      The device was neatly calibrated to reduce the errors of temperature, but 

achieving 0.005 

 C precision was hard when the variances of temperature 

are large. Best precision obtained when the specimen was close to chamber 

temperature. Another impact of temperature on water potential could be 

noticed when specimens Maintained close to saturation. A specimen that was 

close to 0.00 MPa and just slightly warmer than the sensor block, water 

condensed within the block. This caused errors in the measurements until the 

condensation disappears,[3]. 

 

3.2 Calibration of WP4 
    

The calibration processes was accomplished by turn WP4 device on to 

warm for at least 30 minutes as recommended by  [3], then the following 

steps must be done to check the calibration of WP4 using standard 0.5 mol 

KCl solution: 

a. Put the whole vial of 0.5 KCl solution into the steel/disposal 

sample cup and place it in the WP4’s sample drawer.  

b. Close the drawer with care (no splash or spill the solution) to 

prevent contamination of the chamber. Wait for the KCl solution to arrive at 

temperature equilibrium (Ts – Tb = 0) to get best results. 

c. Turn the drawer knob to the read status to get a reading. Get the 

second reading as follows:  

First reading = -2.28 MPa at temperature 24.8 

C 

Second reading = -2.22 MPa at temperature 24.9 

C 

The second reading must be within the correct reading (± 0.1) of the KCl 

standard at that temperature, (i.e. –2.19 ± 0.1 MPa) at20 

C, or -2.22 MPa at 

25 °C according to Decagon Ltd. 2002. In some cases where the second 

reading was not within ± 0.1 MPa of the KCl solution, an adjustment of WP4 

calibration was done following the guidelines of Decagon Ltd. 2002. 

d. WP4 was read within 0.1 MPa of the KCl solution and the 

sampling processes preceded within that. 

 

3.3 Sample Preparation and Getting the Readings  
 

 Two samples from compacted clay for Jolly Blue clay soils were chosen 

for soil water suction measurements. Drying soil-water suction 

measurements reading was done as follow: 
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a. Place the first compacted clay sample in a steel sample cup that 

was completely covered from the bottom. 

b. Turn the sample drawer knob to the OPEN/LOAD position and 

pull the drawer to the place of the prepared clay sample in the drawer. 

c. Close the drawer very carefully and turn the knob to the READ 

location to seal the specimen cup with the chamber and start to read. 

d. After the clay sample reached the temperature equilibrium, (Ts –

Tb = 0), the instrument will beep and the green light will flash after five 

minutes and 30 seconds.The results of the first total suction ψ1 measurement 

is accomplished as follow:  

First reading = -0.08 MPa at temperature 25.0 

C,  

Opened the drawer knob for 5 seconds and then closed it to read second time.  

Second reading = -0.00 MPa at temperature 25.1 

C 

e. Repeat steps above with reducing (drying) the weight of moist 

compacted clay using an electric fan heater shown in Fig. (4).  

f. Add DI water to each compacted clay using a 3.1 ml siring for 

wetting process. Same procedure above was conducted and used to measure 

the soil water suction for each sample.  

 

                         
Figure 4: Some auxiliaries used for soil water suction measurements, an electric fan 

heater, squeeze bottle, and weight measuring device. 

 

g. Calculate the volumetric water contents θ, for each 

corresponding drying/wetting weight and water suction ψ. The measurement 

was listed as follow: 

• Initial water content of clay sample, (w%) = 12.5% 

• Dry unit weight of compaction sample, = 120.37 lb/ft3 

• Unit weight of water, γw  = 62.4 lb/ft3 
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• Assumed specific gravity of clay, Gs = 2.70 

• Weight of steel sample cup (WP4), = 25.60 g 

• Weight of steel cup + Compacted moist clay = 36.40 g 

• Weight of steel cup + Oven dry clay (24 hrs) = 35.20 g. 

The Initial volumetric water content can be calculated using Eqn. (4) as,  

  

%*w
w

d
















                                                                                     (4) 

Plugging the numerical values of the parameters appeared in Eqn. (4), the 

initial volumetric water content was found    θ= 0.24. The void ratio can be 

calculated by using Eqn. (5) as, 

d

dwsG
e



 ).( 


                                                                                                    (5) 

Plugging the numerical values of the parameters appeared in Eqn. (5) yield to 

e=0.40. 

The degree of saturation then can be found by Eqn. (6) as, 

e

Gw
S s%.

% 
                                                                                      (6) 

Plugging the numerical values of the parameters appeared in Eqn. (6) yields 

to S%=84.4% 

h. Plot the relationship between the volumetric water contents θ and 

total water suction ψ for each clay sample to create a Soil-Water 

Characteristic Curve, (SWCC). KaleidaGraph software was used and the 

results are shown in Figure (5). 

Tables (1-6), presented in the Appendix, show detail procedures of water 

suction measurements, drying and wetting for the clay using a Dew point 

potentiometer (WP4). 

 

4 Results and Discussion  
 

      Tables 1-6, presented in the Appendix, illustrate the results of the Jolly 

Blue clay. The recorded values of soil suction ψ in MPa were converted to 

head unit (meter) then used as input to the retention curve (RETC) Software 

to determine the curve fitting parameter.  Van Genuchten (1980) model was 

used for fitting process of the soil. The suction data for the Jolly blue clay 

(sample of 18.0%) were utilized simultaneously for developing their SWCCs 

as shown in Figure (5). 

In general, the specimens of different water content present different 

breaks in the curvatures around the curvature point. However, these 

breakages may be not highly distinct due to changes of the dry unit weight of 

the specimens. The total suction for both wetting and drying curves do not 

show similar response at the same value of the volumetric water content θ  
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because the air entrapment in the soils. However, they looks similar and try 

to get closer at the lower values of volumetric water content.  

Figure (5) presents the soil water characteristic curve for Jolly blue clay. 

It is noticed that the total suction dramatically decreases at the volumetric 

water content close to 0.4. 

As can be noticed, the maximum value of the volumetric water content to 

get a specific total suction decreases with increasing the corresponding dry 

unit weight, at least in this research. Finally, although the variations between 

the SWCC curves of the specimens in this research, no significant difference 

can be reported due to changing in the dry unit weight of these specimens. 

 

 

 

 

 
Figure 5: Measured and Fitted SWCCs for Jolly Blue Clay (a) Sample #1, w= 18%; 

and (b) Sample #2, w = 18%. 
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Table 1:   Natural Water Content Calculations 

Description of soil: Jolly Blue Clay Soil   Sample No.    1 and  2    

Tested by:    Nazeer Brifkani   

Item 
Test #1  Test #2  

Clay Chunks Crashed Clay 

Bowl No (#) B11 B11 

Mass of Bowl,  W1  (g) 78.60 78.60 

Mass of Bowl + Wet clay soil,  

W2  
(g) 212.60 216.90 

Mass of Bowl + Oven dry clay 

soil,  W3  
(g) 192.60 201.10 

Mass of moisture,  W2 - W3  (g) 20.00 15.80 

Mass of dry clay soil,  W3 - W1  (g) 114.00 122.50 

Moisture Content,                                      

(w%) = [(W2-W3)/(W3-W1)] x 

100 

(%) 17.54 12.90 

 

Table 2: Standard Proctor Compaction Test 

(Determination of Dry Unit Weight of Soil) 

Description of soil:  Jolly Blue Clay Soil                               Sample No.1. 

                  Tested by:  Nazeer Brifkani.   

Volume of (4 in.) mold =    1/30 ft3 Number of blows/layer = 25. 

Weight of hammer = 5.5 lbs,Number of layers  =  3 

  Assumed water contents, w % 18 

1 Weight of mold, W1  (lb) 9.55 

2 Weight of mold + Moist clay soil, W2  (lb) 13.60 

3 Weight of moist soil, W2-W1 (lb) 4.05 

4 
Moist unit weight,                                                      

γ = [(W2-W1)/(1/30)]  
(lb/ft

3
) 121.50 

5 Moisture can number (#) B11 

6 Weight of moisture can, W3 (g) 78.60 

7 Weight of can + Moist clay soil, W4 (g) 281.60 

8 Weight of can + dry soil, W5 (g) 251.0 

9 
Moisture content,                                  

w(%)= [(W4-W5)/(W5-W3)] x 100 
(%) 17.75 

10 
Dry unit weight of compaction 

 γd  = γ /[1+(w/100)] 
(lb/ft

3
) 103.19 
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Table 3: Details of compacted clay sample (w = 18.0%) used for water suction measurements, using WP4 (Dew point 

potentiometer) 

               
Description of soil: Compacted Jolly Blue Clay 

Soil   

Sample No.    18-1 

(Drying)   .     

Tested by:    Nazeer Brifkani          . 
           

              Initial water content of Jolly blue clay 

soil, (%)  
18.0 

 

Unit weight of water, γw  

(lb/ft
3
) =  

62.4 
  

Dry unit weight of compaction sample, 

(lb/ft
3
) =  

103.19 
 

Initial volumetric water content,  

θ = (γd/γw).w 
0.30 

  

Assume specific gravity of blue clay, 

Gs =  
2.72 

 

Void ratio,   e = (Gs.γw - 

γd)/γd  =  
0.64 

  

Weight of steel sample cup (WP4), (g) 
 

25.40 
 

Porosity,    θs =  e / 1 

+ e  =    
0.39 

  

Weight of steel cup + Compacted moist blue 

clay, (g) 
33.50 

 

Degree of Saturation,  S (%) = 

(w.Gs)/e 
75.9% 

  

Weight of steel cup + Dry blue clay 

(43 hrs), (g) =  
32.20 

 

Sample water content,  ω% 

= Ww/Ws  
19.1% 

  

Sample volumetric water content, θ = 

(γd/γw).ω  
0.32 

         

               

R
ea

d
in

g
s 

Weight 

of steel 

cup + 

Moist 

blue 

clay  

Water content 
Average 

Total 

Suction 

Degree  

of  

Saturation 

First Reading Second Reading 
 

Reading 

Duration 

Total 

Suction Sample 

Temp. 

T1 

Reading 

Duration 

Total  

Suction Sample 

Temp. 

T2 

 
Gravitational Volumetric 

 

w θ ψ S ψ1 ψ2  

(g) (%) (-) 
 - 

(MPa) 
(%) min sec 

 - 

(MPa) 
°C min sec 

 - 

(MPa) 
°C 

 

1 33.5 19.1 0.32 1.00 80.6 4 16 1.04 22.4 3 40 0.95 22.5 
 

2 33.4 17.6 0.29 1.10 74.4 5 30 1.12 22.9 4 01 1.08 22.7 
 

3 33.3 16.2 0.27 1.37 68.2 5 40 1.37 22.9 3 36 1.37 22.8 
 

4 33.1 13.2 0.22 2.70 55.8 4 30 2.71 23.1 4 50 2.68 22.9 
 

5 33.0 11.8 0.19 4.07 49.6 5 45 4.3 22.8 4 01 3.84 22.9 
 

6 32.9 10.3 0.17 4.02 43.4 4 17 4.13 22.9 3 48 3.91 22.9 
 

7 32.8 8.8 0.15 4.48 37.2 4 24 4.54 23.0 3 46 4.41 22.9 
 

8 32.7 7.4 0.12 6.27 31.0 4 40 6.34 23.0 3 45 6.19 22.9 
 

9 32.6 5.9 0.10 10.54 24.8 13 10 10.65 23.1 4 28 10.42 23.0 
 

10 32.4 2.9 0.05 50.89 12.4 26 12 51.11 23.3 5 30 50.67 23.3 
 

11 32.3 1.5 0.02 203.63 6.2 8 10 207.27 23.3 5 10 199.99 23.5 
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Table 4: Details of compacted clay sample (w = 18.0%) used for water suction measurements, using WP4 (Dew point 

potentiometer) 

              
Description of soil: Jolly Blue Compacted Clay Soil 

  

Sample No.        18-1 

(Wetting)    .    

Tested by:    Nazeer Brifkani          . 
          

              
Initial water content of blue clay soil, (%) 

 
18.0 

 

Unit weight of water, γw  

(lb/ft3) =   
62.4 

Dry unit weight of compaction sample, (lb/ft3) 

=  
103.19 

 

Initial volumetric water content,    θ 

= (γd/γw).w  
0.30 

Assume specific gravity of blue clay, Gs = 
 

2.71 
 

Void ratio,     e = (Gs.γw - 

γd)/γd  =   
0.64 

Weight of steel sample cup (WP4), (g) 
 

25.40 
 

Porosity ,       θs = e / e 

+ 1 =     
0.39 

Weight of steel cup + Compacted moist blue clay, (g) 33.50 
 

Degree of Saturation,     S (%) 

= (w.Gs)/e    
76.4% 

Weight of steel cup + Oven dry soil (24 hours), (g) = 32.20 
 

For saturated soil, Degree of 

Saturation, S (%) =   
100% 

Weight of oven dry clay (43 hours), Ws in (g) 

=  
6.80 

 

Sample water content,         

ω% = S.e/Gs   
23.57 

Assume wt. of DI water to be add in each reading, (g) = 0.10 
 

Weight of DI water to be added, Ww =  ω%. Ws 

= (g)  
1.60 

              

R
ea

d
in

g
s 

Calculated 

weight of 

steel cup 

+ Moist 

blue clay 

Water content 
Average 

Total 

Suction 

Degree  

of 

Saturation 

First Reading Second Reading 

Reading  

Duration 

Total 

Suction 
Sample 

Temp. 

T1 

Reading  

Duration 

Total 

Suction 
Sample 

Temp. 

T2 

Gravitational Volumetric 

w θ ψ S ψ1 ψ2 

(g) (%) (-) 
 - 

(MPa) 
(%) min sec 

 - 

(MPa) 
°C min sec 

 - 

(MPa) 
°C 

1 32.30 1.47 0.02 253.51 6.24 23 28 249.75 23.8 5 0 257.27 23.9 

2 32.40 2.94 0.05 55.41 12.48 4 55 48.29 23.2 23 10 62.53 23.6 

3 32.50 4.41 0.07 15.41 18.72 8 36 15.86 23.4 5 42 14.96 23.3 

4 32.60 5.88 0.10 6.30 24.96 4 40 6.21 23.2 3 42 6.39 23.2 

5 32.70 7.35 0.12 4.21 31.20 4 10 4.24 23.3 3 40 4.17 23.2 

6 32.80 8.82 0.15 2.89 37.43 4 10 2.87 23.2 3 38 2.90 23.2 

7 32.90 10.29 0.17 2.23 43.67 4 15 2.19 23.2 3 8 2.26 23.1 

8 33.00 11.76 0.19 2.05 49.91 4 20 2.08 23.2 3 48 2.02 23.1 

9 33.10 13.24 0.22 1.54 56.15 3 40 1.55 23.3 3 35 1.52 23.1 

10 33.20 14.71 0.24 1.21 62.39 4 08 1.21 23.1 3 30 1.20 23.1 

11 33.30 16.18 0.27 0.95 68.63 4 00 0.98 23.2 3 37 0.91 23.2 

12 33.40 17.65 0.29 0.90 74.87 4 45 0.91 23.1 3 12 0.88 23.1 

13 33.60 20.59 0.34 0.69 87.35 3 32 0.73 23.1 3 40 0.65 23.1 

14 33.70 22.06 0.36 0.58 93.59 4 38 0.64 23.1 3 25 0.52 23.1 

15 33.80 23.53 0.39 0.00 99.83 4 01 0.00 23.1 3 45 0.00 23.2 
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Table 5: Details of compacted clay sample (w = 18.0%) used for water suction measurements, using WP4 (Dew point 

potentiometer) 

              
Description of soil: Compacted Jolly Blue Clay Soil 

  

Sample No.        18-2  

(Drying)    .    

Tested by:    Nazeer Brifkani          . 
          

             Initial water content of Jolly blue clay soil, 

(%)  
18.0 

 

Unit weight of water, γw  

(lb/ft3) =  
62.4 

 

Dry unit weight of compaction sample, 

(lb/ft3) =  
103.19 

 

Initial volumetric wc,  θ = 

(γd/γw).w  
0.30 

 

Assume specific gravity of blue clay, Gs = 
 

2.72 
 

Void ratio,   e = (Gs.γw - γd)/γd  

=  
0.64 

 

Weight of steel sample cup (WP4), (g) 
 

25.10 
 

Porosity,      θs =  e / 1 

+ e  =    
0.39 

 

Weight of steel cup + Compacted moist blue clay, (g) 34.70 
 

Degree of Saturation,  S (%) = 

(w.Gs)/e 
75.9% 

 

Weight of steel cup + Dry blue clay (43 hrs), (g) = 33.30 
 

Sample water content,  ω% = 

Ww/Ws  
17.1% 

 

Sample volumetric water content, θs = 

(γd/γw).ω  
0.28 

        

              

R
ea

d
in

g
s 

Weight 

of steel 

cup + 

Moist 

blue 

clay  

Water content 
Average 

Total 

Suction 

Degree  

of  

Saturation 

First Reading Second Reading 

Reading 

Duration 

Total 

Suction Sample 

Temp. 

T1 

Reading 

Duration 

Total 

Suction Sample 

Temp. 

T2 

Gravitational Volumetric 

w θ ψ S ψ1 ψ2 

(g) (%) (-) 
 - 

(MPa) 
(%) min sec 

 - 

(MPa) 
°C min sec 

 - 

(MPa) 
°C 

1 34.7 17.1 0.28 0.88 72.0 3 26 0.84 22.9 3 48 0.92 22.7 

2 34.6 15.9 0.26 1.28 66.9 4 40 1.34 22.7 3 48 1.22 22.7 

3 34.4 13.4 0.22 2.74 56.6 4 40 2.76 23.0 3 35 2.71 23.0 

4 34.3 12.2 0.20 2.88 51.4 5 50 2.96 22.7 3 40 2.79 22.8 

5 34.2 11.0 0.18 3.82 46.3 5 30 3.94 23.1 4 26 3.69 22.9 

6 34.1 9.8 0.16 4.15 41.2 5 56 4.31 22.9 3 48 3.98 22.8 

7 34.0 8.5 0.14 4.48 36.0 8 0 4.63 23.0 3 50 4.32 22.9 

8 33.9 7.3 0.12 6.19 30.9 10 10 6.37 23.0 4 20 6.01 22.9 

9 33.7 4.9 0.08 12.81 20.6 23 38 13.10 23.0 6 15 12.52 22.9 

10 33.6 3.7 0.06 28.98 15.4 37 58 29.22 22.8 6 46 28.73 22.7 

11 33.4 1.2 0.02 103.87 5.1 54 20 104.29 23.2 12 50 103.45 23.1 
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Table 6: Details of compacted clay sample (w = 18.0%) used for water suction measurements, using WP4 (Dew point 

potentiometer) 

Description of soil: Jolly Blue Compacted 

Clay Soil    

Sample No.        18-2 

(Wetting)    .    

Tested by:    Nazeer Brifkani          

.            

              
Initial water content of blue clay soil, (%) 

 
18.0 

 

Unit weight of water, γw  

(lb/ft3) =   
62.4 

Dry unit weight of compaction sample, (lb/ft3) 

=  
103.19 

 

Initial volumetric water content,    θ 

= (γd/γw).w  
0.30 

Assume specific gravity of blue clay, Gs = 
 

2.72 
 

Void ratio,            e = (Gs.γw - 

γd)/γd  =   
0.64 

Weight of steel sample cup (WP4), (g) 
 

25.10 
 

Porosity ,             θs = e / e + 1 

=    
0.39 

Weight of steel cup + Compacted moist blue clay, (g) 34.70 
 

Degree of Saturation,     S (%) = 

(w.Gs)/e   
75.9% 

Weight of steel cup + Oven dry soil (24 hours), (g) = 33.30 
 

For saturated soil, Degree of Saturation, S (%) 

=  
100% 

Weight of oven dry clay (43 hours), Ws in (g) 

=  
8.20 

 

Sample water content,         ω% = 

S.e/Gs  
23.71 

Assume weight of DI water to be add in each reading, (g) 

= 
0.10 

 

Weight of DI water to be added, Ww =  ω%. 

Ws = (g)  
1.94 

R
ea

d
in

g
s 

Calculated 

weight of 

steel cup 

+ Moist 

blue clay 

Water content Average 

Total 

Suction 

Degree  

of  

Saturation 

First Reading Second Reading 

Reading 

Duration 

Total 

Suction 
Sample 

Temp. 

T1 

Reading 

Duration 

Total 

Suction 
Sample 

Temp. 

T2 

Gravitational Volumetric 

w θ ψ S ψ1 ψ2 

(g) (%) (-) 
 - 

(MPa) 
(%) min sec 

 - 

(MPa) 
°C min sec 

 - 

(MPa) 
°C 

1 33.40 1.22 0.02 41.83 5.14 7 20 21.41 22.7 69 25 62.24 23.4 

2 33.50 2.44 0.04 19.74 10.29 5 58 19.54 23.3 3 50 19.94 23.2 

3 33.60 3.66 0.06 6.59 15.43 4 15 6.41 23.3 3 46 6.76 23.3 

4 33.70 4.88 0.08 6.22 20.58 4 00 6.13 23.4 3 50 6.30 23.4 

5 33.80 6.10 0.10 3.68 25.72 4 14 3.61 23.3 3 50 3.74 23.3 

6 33.90 7.32 0.12 2.79 30.87 5 03 2.72 23.1 3 41 2.86 23.2 

7 34.00 8.54 0.14 2.68 36.01 4 50 2.65 23.5 3 38 2.70 23.4 

8 34.10 9.76 0.16 1.68 41.15 3 58 1.59 23.4 3 30 1.76 23.3 

9 34.30 12.20 0.20 1.41 51.44 3 55 1.38 23.2 3 35 1.44 23.2 

10 34.50 14.63 0.24 0.99 61.73 3 54 1.07 23.1 3 58 0.91 23.1 

11 34.70 17.07 0.28 0.80 72.02 4 15 0.81 23.1 3 47 0.78 23.1 

12 34.90 19.51 0.32 0.58 82.31 5 08 0.63 23.2 3 40 0.53 23.0 

13 35.10 21.95 0.36 0.57 92.60 4 42 0.66 23.2 3 48 0.48 23.1 

14 35.20 23.17 0.38 0.00 97.74 4 16 0.00 23.1 3 34 0.00 23.0 

  

 

 



                                                                                                                  
 

 

  

   

 

 

 
 

Effect of Compaction and Water Content on the Soil-Water Characteristic Curves 

of Fine-Grained Soils using WP4 Dew Point Hygrometer for Jolly Blue Clay  4482 

  

5 Conclusion 
 
From this work, some conclusions can be presented as follows: 

1- The soli-water characteristics curve show different breakage at 

the curvature points due to the difference in the water contents.  

2- The total suction for both wetting and drying curves do not show 

similar response at the same value of the volumetric water content θ because 

the air entrapment in the soils. 

3- The range of changes in the total suction shows non-similar 

behavior especially at the higher values of the volumetric water content. 

4- The dry unit weight of the soil does not affect its suction and 

subsequently the Soil-Water Characteristic Curve, SWCC.  
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