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 There are many methods to measure the suction and saturation point of 

any soil and the most used is Tensiometer. The objective of this research is 

to investigate a new trend to measure the saturation point and suction by 

using soil moisture content sensors (SMCS) and compare the procedure 

with tensiometer for the granular soil. The soil in this study has been 

prepared at three relative densities (5%, 35% and 75%) used. The results 

show that the readings of SMCS become stable when the water content is 

more than 20% with different relative densities. The relative density did 

not affect the SMCS reading when approximately reaching the saturation 

point. 
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1. INTRODUCTION 

The modeling attitude of an unsaturated soil requires measurement of suction in the soil and their 

difference with water content, which it is known as the soil-water-characteristic-curve (SWCC). The 

soil suction and moisture content relationship have commonly considered one of the most important 

characteristics [1]. 

The soil-water-characteristic-curve(SWCC) was developed as an important parameter in water 

management in agricultural, hydrology and the research in soil sciences, the SWCC was used widely 

to estimate the properties of unsaturated soil, [2-4]. 
 

The definition of the total suction is the soil-water free energy, and it is calculated as a ratio of 

partial stress of the evaporation of water in equilibrium with the water in the soil, relative of partial 
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stress of the evaporation of water in equilibrium with a solution identical in composition with a pool 

of soil-water. The matric suction in unsaturated soil is calculated directly by measuring the reflecting 

of the pore water pressure, [5].  

 

The suction technique measurement are needed more studying and improving because of the 

most methods of measuring the suction have a weakness including such aspects as reliability, 

practicality, the range of application, and cost, [5]. 

Tensiometers and axis translation techniques rely on the unique properties of 

high_air_entry(HAE) materials. High_air_entry is the materials that considers as a microscopic pores 

relatively uniform size and size distribution. When the high_air_entry material is saturated with 

water, the surface tension maintained at the gas-liquid interfaces formed in the material’s pores 

allows a pressure difference to be sustained between gas and liquid phases located on either side. 

Physically, surface tension acts as a membrane for separating the two phases, thus allowing negative 

water pressure to be directly measured, as in a tensiometer, or the difference between water pressure 

and air pressure to be directly controlled as axis translation, [6]. 

There are several studies depends on different methodologies to develop the measuring of the 

suction. The methodologies for the measuring the suction in the soil depends on a various factors 

such as (viz., type of the soil, measurement methodology, range of the suction measurement, 

equilibration time, and presence of salts or contaminants in the soil) that may effect on the results and 

the SWCC. Sreedeep  and Singh [7] studied the SWCC by using several methodologies and it has 

been effected in the range of the soil suction determination. As such, it is essential to highlight the 

range of suction values involved for establishing the SWCC, to facilitate unambiguous modeling and 

to precisely understand the behavior of unsaturated soil. 

Fattah et al. [7] used the filter papers for investigating the total and matric suctions. Three soils 

from different sites from Baghdad were used in there study and then Nacl salt was used to mix with 

soil. They concluded that with increase of filter paper moisture content there is a linear decrease in 

both total and matric suctions. When adding the Nacl salt to the soil there are good increases in total 

and matric suctions. 

Also Fattah et al. [8] used small scale and large scale modeling by using bentonite and bentonite 

stabilized by sand of a different percents 30, 40 and 50% to investigate the changes in the suction of 

the soil on volume change, swelling pressure, and permeability as well as expansion index. It was 

concluded that when adding 50% sand to bentonite there are decreasing in swelling potential of the 

soil.  

The main objective of this research is to investigate a new trend to measure suction and 

determine the saturation point by using soil moisture content sensor (SMCS). 

2.  MATERIALS 

I. Soil 

In this research, granular gypseous soil brought from Tikrit city with gypsum content 49% was 

used. The physical properties are illustrated in Table 1 and the distribution of the grain size is 

illustrated in Figure (1). According to the unified soil classification system(USCS), the soil is 

classified as (SP). 

 

 

 

 

 

 

 
 

Table I: Soil properties. 

Physical properties Value 
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Gypsum content (χ); (%) 49 

Specific Gravity; Gs 2.41 

Liquid limit; (%) 26 

Plastic Limit; (%) N.P 

Gravel; (%) 0 

Sand; (%) 96 

Fines; (%) 4 

D60; (mm) 0.4 

D30; (mm) 0.2 

D10; (mm) 0.11 

Uniformity coeff.; Cu 3.64 

Curvature coeff.; Cc 0.91 

 O.M.C; (%) 12 

  min.; (kN/m3) 12.12 

  max.; (kN/m3) 17.45 

Classification SP 

 

 

Figure 1: Grain size distribution. 

II. . Tensiometer 

The description of measurement principles, construction guidelines and operating was provided 

by Stannard in 1992 as cited by [5]. The standard tensiometer is a tube filled with water with the 

high_air_entry and contains a ceramic at the end of the tube, the ceramic is using as a sensor to 

determine the negative pore water pressure. The ceramic is basically a small probe using to build a 

saturated hydraulic connection between the pore water pressure and the ceramic sensor. There are 

two types of the pressure sensor mechanical Bourdon type gauge and electronic diaphragm type 

transducer. The tensiometer diagram of the type that used in the laboratory and in this research is 

illustrated in Figure (2). 
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Figure 2: Tensiometer. 

III. Soil moisture content sensor SMCS 

The type of this sensor is used to show the soil moisture content by the dielectric properties of the 

water in the soil. It has been contained two electrodes and it has been inserted in the soil to measure 

the moisture content, the sensor is sent an electromagnetic signal to the soil and record the water 

content between the soil particles, as illustrated in Figure (3). The accurate reading of the sensor 

depends on the good contact between the soil and the sensor, [9]. 

 

 

Figure 3: SMCS with arduino. 

 

3. MODEL PREPARATION AND TESTING 

This research depends on 18 tests carried out in CBR mould filled with soil at different water 

contents and with three relative densities (5%, 35% and 75%). After preparation, the mould was 

covered carefully to prevent water leakage from the mould and the sample was left for 24 hours. 

The test depends on inserting the tensiometer in the CBR mould and two SMCS ware inserted; 

one of them is aligned vertically and the other is horizontally as illustrated in Figure (4). 
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Figure 4: Testing apparatus. 

4. PRESENTATION AND DISCUSSION TEST RESULTS 

Figure (5) illustrates the water content and tensiometer reading for sample prepared at R.D = 5%. 

Figure (6) illustrates the water content and SMCS readings for sample prepared at R.D = 5%. 

 

 

Figure 5: Tensiometer readings for sample prepared at R.D= 5%. 
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Figure 6: SMCS readings for sample prepared at R.D = 5%. 

 

Figure (7) illustrates the water content and tensiometer reading for sample prepared at R.D 35%. 

While Figure (8) illustrates the water content and SMCS readings for sample prepared at the same 

relative density. 

 

 

Figure 7: Tensiometer readings for sample prepared at R.D 35% 

 

The trend of water content for three soil samples showed a sharp decrease in the beginning and 

then decreased slowly with the amplifying of soil water suction. In low suction range (<10 kPa), soil 

water in large pores was mainly drained, as the large pores contained lots of water. Based on this, the 

soil water content decreased sharply. The differences of SWCCs of the granular soil are noticeable 

with the increasing of the soil relative density. 
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Figure 8:  SMCS readings for sample prepared at R.D 35% 

 

Figure (9) illustrates the water content and tensiometer readings for sample prepared at R.D 75%, 

while Figure (10) illustrates the water content and SMCS readings for sample prepared at the same 

relative density. 

 

 

Figure 9: Tensiometer readings for sample prepared at R.D 75% 
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Figure 10: SMCS readings for sample prepared at R.D 75% 

The summary of test results is illustrated in Figures (11) and (12). Figure (13) illustrates the 

SMCS reading with the matric suction at the same water content, the SMCS can be read directly for 

the corresponding to tensiometer at the same water content. 

 

Figure 11: Relationship between tensiometer readings and water content for soil with different 

relative densities. 
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Figure 12: Relationship between SMCS readings and water content for soil with different relative 

densities. 

 

Figure 13: Relationship between SMCS readings with the matric suction at the same water content 

with different relative densities. 

 

5. CONCLUSIONS 

From this study, the following conclusions can be summarized: 

1. The using of SMCS is a good alternative to tensiometer especially to show the saturation point.  

2. The relative density did not affect the SMCS reading when approximately reaching the saturation 

point. 

3. The readings of SMCS become stable when the water content is more than 20%. 
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