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ABSTRACT: Soil suction and its relationship with water content (gravimetric or volumetric) are inevitable in the study of 

unsaturated soil mechanics. Suction-water content relationship (designated as SWR), is an important input parameter for 

the mathematical modeling of unsaturated soil behavior response pertained to physico-mechanical, hydraulic, and volume 

change behavior. The experimental procedures adopted for determining SWR are time consuming and cost-intensive. 

Therefore, recent researches have laid a major focus on the indirect estimation of SWR. Such an estimated SWR can be 

used as initial guidelines for planning important geoenvironmental projects such as waste containment facilities. As such, it 

is important that these estimation procedures are precise and suitable for different type of soils. With this in view, effort has 

been made in this paper to critically evaluate an estimation procedure for a particular type of soil. The SWR has been 

established using two commonly adopted procedures. The study indicates that the estimated SWR does not match well with 

the measured SWRs for the type of soil investigated in this study.  

 

 

INTRODUCTION 

Recent emphasis on geoenvironmental problems associated 

with landfill covers, contaminant spill remediation, mine 

reclamation and the rapid expansion of infrastructure 

development in arid regions has led to increased interest in 

geotechnical engineering practice on unsaturated soils [1]. 

However, the factors such as complexities in the behavior 

of unsaturated soil, cost and time intensive characterization, 

and the need of skilled person for design and analysis of 

unsaturated soil makes it challenging for the concepts to be 

put into practice [2]. The basic characterization of 

unsaturated soil is based on the development of a graphical 

relationship between water content (or saturation) and soil 

suction [3]. Such a graphical plot is known as suction-water 

content relationship (SWR) in general and more specifically 

soil-water characteristic curve (SWCC). 

   

There are different methodologies developed for obtaining 

SWR in the laboratory [1,4]. 

  

However, the experimental procedures used for determining 

SWR are time consuming, cumbersome and cost-intensive. 

Therefore, recent researchers have laid a major focus on the 

indirect estimation of SWR based on easily measurable soil 

properties [5]. Such an estimated SWR can be used as 

initial guidelines for planning important geotechnical and 

geoenvironmental projects. It is therefore essential to 

systematically understand the different SWR estimation 

procedures and evaluate the preciseness of the SWR 

estimation method used for a particular type of soil. 

 

The present study purports to critically review the finding 

reported in the literature to estimate the SWR. For this 

purpose, measured SWRs have been obtained for a locally 

available sandy soil using two different measurement 

procedures, continuous and spot measurement [6]. The 

SWR for the same soil was estimated by employing a 

popular estimation procedure. The study indicates that the 

estimated SWR does not match well with measured SWR 

for the soil considered in this study. This indicates that 

further efforts are required for developing estimation 

procedures that are best suited for a specific class of soils.  

 

MATERIALS AND TEST METHODS 

A locally available river sand designated as BS was used in 

this study. The soil is characterized for its specific gravity, 

grain size distribution, and maximum and minimum void 

ratios by following the guidelines presented in the literature 

(relevant parts of IS 2720) [7-10]. The details of the 

characterization are listed in Table 1. It can be noted that 

the soil is poorly graded sand with no fine fraction.  

 

A T5 tensiometer (UMS GmbH, Munich) and EC-TE 

capacitance-type volumetric water content sensor (Decagon 

Inc., USA) were used to measure matric suction ( m) and 

volumetric water content ( ) of compacted BS, 

respectively. Sensors were secured in place to ensure proper 

contact with the soil. The tensiometer used in this study can 

measure matric suction up to 100 kPa and characterized by 

very short response time. The details of working 

methodologies of these instruments are reported in the 

literature [11,12]. 

 

The air-dried sand was mixed with required amount of 

distilled water and compacted into the perspex mold of 12 

cm diameter and 15 cm height, by giving different number 

of blows to achieve desired packing dry unit weight ( d). 

The soil sample was then saturated by ponding it with 

distilled water and further removing the excess water on 

top. After saturating the soil sample, EC-TE and T5 sensors 
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were inserted into the packed soil sample. The soil sample 

was then allowed to air dry and m and  of the sample 

continuously recorded using the respective data loggers. 

These data were used to develop measured continuous 

SWR.  

 

The BS sample preparation for spot measurement of m and 

 remains same as continuous measurement. However in 

spot measurements, m versus  relationship is obtained 

from different BS samples compacted at varying unit 

weight and water content. For continuous measurement, the 

entire m versus  relationship is obtained from the drying 

of the same sample. No ponding is required in the case of 

spot measurement. For spot measurements, EC-5 and T5 

sensors were instantly inserted into the freshly prepared BS 

sample. The m and  of the sample were monitored as a 

function of time, till it becomes constant (attain 

equilibrium). In most of the cases, equilibrium time was 

achieved within 20 minutes of insertion. Throughout this 

duration, top of the BS sample was covered with an 

aluminium foil to avoid any loss of moisture. Each of the 

spot measurements has been performed in triplicate to 

ensure repeatability of the results. It was noted that the 

variations in m were negligible. The equilibrium m and 

the corresponding  obtained for different compaction 

states were used to develop spot WRC. 

 

 Table 1 Physical properties and classification of the soil 

BS 

Property Soil BS 

Specific gravity 2.45 

Particle size (%)  

  Coarse sand (4.75-2mm) 0 

  Medium sand (2-0.425mm) 1 

  Fine sand (0.425-0.075mm) 93 

  Silt size (0.075-0.002mm) 6 

  Clay size (<0.002mm) 0 

Maximum void ratio (emax) 0.96 

Minimum void ratio (emin) 0.51 

dmax (kN/m3) 16.2 

dmin (kN/m3) 12.51 

 

In this study, the estimated SWR was obtained using 

estimation software, “RETC” [13]. The SWR estimation is 

based on the van Genuchten (1980) [14] SWCC equation 

(Eq. 1) and particle size distribution.  
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where (h) is the volumetric water content at suction 

pressure head h, s is the saturated volumetric water 

content, r is the residual water content,  and n are 

empirical fitting parameters. 

 

 

RESULTS AND DISCUSSION 

The variation of m and  with time for continuous drying 

of BS sample is depicted in Fig. 1. The data obtained from 

the Fig. 1 were used to plot the continuous SWR for the soil 

BS, as depicted in Fig. 2.  

 

The entire data obtained from the spot measurements were 

used to determine spot SWR, as depicted in Fig. 3. 

 

The estimated SWR obtained using RETC is depicted in 

Fig. 4. For estimating SWR, the information obtained from 

grain size distribution was used. The textural classification 

for the sandy soil was obtained using U.S. Dept. of 

Agriculture (USDA) textural triangle. 

 

The continuous and spot SWRs obtained have been 

compared with the estimated SWR, as depicted in Fig. 5. It 

can be noted from the figure that measured and estimated 

SWRs follow the same trend. It is clear from the figure that 

the estimated and measured spot SWR match well for 

suction values less than 15 kPa. However, there is a small 

difference between the estimated and measured continuous 

SWR for suction values less than 15 kPa. There is a distinct 

difference between the estimated and measured SWRs for 

suction values greater than 15 kPa. 
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Fig. 1 Variation of soil suction and volumetric water 

content with time for continuous measurement 
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Fig. 2 Drying SWR from continuous measurement 
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Fig. 3 SWR from spot measurement 
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Fig. 4 Estimated SWR 
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Fig. 5 Comparison of measured and estimated SWRs 

 

The study indicates that the estimated SWR of poorly 

graded sand does not match satisfactorily with the 

measured spot and continuous SWRs. 

 

CONCLUSIONS  

The suction-water content relationship (SWR) estimation 

procedure developed based on different soil datasets cannot 

be applied directly without evaluating its preciseness. 

Hence, the applicability an estimation procedure for a 

poorly graded sandy soil is evaluated in this study. The 

measured spot and continuous SWRs were obtained using 

T5 tensiometer and EC-TE volumetric water content 

sensor. The SWR was estimated by using RETC. The study 

indicates that the estimated SWR obtained using RETC 

does not match satisfactorily with the measured SWRs for 

the soil used in this study. Therefore, further refinement is 

required for the estimation procedure of SWR used for the 

type of soil considered in this study. 
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