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Preface 

Geotechnical and civil engineers all over the world continue to face problems with a 

wide range of geosystems involving materials that remain under partially saturated 

conditions throughout the year. The lack of education and training among engineering 

graduates and practitioners to properly deal with unsaturated soil conditions has 

resulted in faulty or excessively conservative designs, frequent construction delays, 

and deficient long-term performance of built infrastructure. Over the last few 

decades, however, the discipline of unsaturated soil mechanics has begun to receive 

increasing attention worldwide, providing better explanations for soil behavioral 

patterns than conventional saturated soil mechanics. 

 

This Geotechnical Special Publication on Experimental and Applied Modeling of 

Unsaturated Soils comprises a total of 28 peer-reviewed papers selected for 

presentation at the Unsaturated Soils sessions of the GeoShanghai 2010 conference 

held in Shanghai, China, June 3-5, 2010, and hosted by Tongji University. The 

sessions were organized and sponsored by the Committee on Unsaturated Soils of the 

Geo-Institute of the ASCE, with co-sponsorship of the Technical Committee No. 6 

(TC6) on Unsaturated Soils of the International Society for Soil Mechanics and 

Geotechnical Engineering (ISSMGE). 

 

The current GSP is the latest in a successful series of special publications published 

by the Geo-Institute documenting the most recent advances in the unsaturated soil 

mechanics discipline, starting with GSP No. 68 on Unsaturated Soil Engineering 

Practice from the first Geo-Institute Conference in Logan, Utah, July 15-19, 1997. 

The papers included in this GSP have been divided into two broad categories. Part I 

on General Characterization and Constitutive Behavior is devoted to some of the 

most recent advances in characterization and prediction of engineering properties, 

mechanical response and constitutive behavior of unsaturated soil materials, included 

compacted, collapsible and expansive soils. Part II on Applied Modeling and Analysis 

is devoted to the most recent advances in the state of the art concerning both 

laboratory and field measurements of unsaturated soil properties and phenomena for 

particular practical applications, including centrifuge testing and ground-penetrating 

radar (GPR). Papers dealing with unsaturated slope stability analyses and foundation 

heave predictions as affected by environmental variables such as rainfall, freeze-thaw, 

vegetation and water migration in the vadose zone are also included in this second 

part. 

 

Each of the papers included in this publication received at least two positive peer 

reviews. The Editors would like to express their most sincere appreciation to all of the 

anonymous reviewers for their diligent work, with special thanks to Ms. Claudia 

Velosa, doctoral candidate at the University of Texas at Arlington, for her valuable 
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assistance in the final editing of the papers, and to Mrs. Donna Dickert of the ASCE 

for patiently coordinating the logistics of the publication process. 

 

Laureano R. Hoyos 

Associate Professor, University of Texas at Arlington, Arlington, Texas, USA 

 

Xiong Zhang 

Assistant Professor, University of Alaska at Fairbanks, Fairbanks, Alaska, USA 

 

Anand J. Puppala 

Professor, University of Texas at Arlington, Arlington, Texas, USA 

 

 

iv

https://www.civilenghub.com/ASCE/136567842/Experimental-and-Applied-Modeling-of-Unsaturated-Soils?src=spdf


Contents 

Part I:  General Characterization and Constitutive Behavior 

Retention Properties and Compressibility of a Compacted Soil......................................... 1 
C. Kai and Z. Qing 

Model for Prediction of Shear Strength with Respect to Degree of Saturation............... 10 
Sh. Ma, M. Huang, Q. Fan, X. Zhang, and P. Hu 

Simple Modeling of Stress-Strain Relation for Unsaturated Soil ..................................... 17 
H. Kyokawa, M. Kikumoto, T. Nakai, and H. Shahin 

Effect of Stress Paths on Shear Strength Response of Unsaturated  
Gassy Sand from Hangzhou Metro Project ........................................................................ 26 

Y. Wang, H. Tian, and Y. Fan 

A Novel Suction-Controlled Ring Shear Testing Apparatus  
for Unsaturated Soils ............................................................................................................ 32 

L. R. Hoyos, C. L. Velosa, and A. J. Puppala 

Modeling Unsaturated Soil Behavior under Multiaxial Stress Paths  
Using a Refined Suction-Controlled Cubical Test Cell ...................................................... 40 

L. R. Hoyos, D. D. Perez-Ruiz, and A. J. Puppala 

Effect of Saturation on Cyclic Volumetric Change of Compacted Silty Sands................ 48 
E. Yee, P. M. Duku, and J. P. Stewart 

Wetting and Drying Unsaturated Soil Moisture Diffusivity Parameters ......................... 54 
D. Mabirizi and R. Bulut 

Influence of Initial Water Content on the Collapsibility of Loess..................................... 60 
M. Wang, X. Bai, and D. Frost 

Treatment of Collapsible Soils by Salts Using the Double Consolidation Method.......... 69 
K. Abbeche, O. Bahloul, T. Ayadat, and A. Bahloul 

Soil Water Characteristic Curve Parameters of Compacted Lateritic Soil  
Treated with Bagasse Ash ..................................................................................................... 79 

K. J. Osinubi and A. O. Eberemu 

Variations in Soil Water Characteristic Curves of Lateritic Soil Treated  
with Bentonite........................................................................................................................ 88 

K. J. Osinubi and A. A. Amadi 

Analytical Solution of the Barcelona Basic Model ............................................................. 96 
X. Zhang 

Fundamentals of Unsaturated Soil Modelling: Have We Got It Right?......................... 104 
D. Sheng and A. Zhou 

Elastoplastic Modelling of Hydraulic and Mechanical Behaviour  
of Unsaturated Expansive Soils.......................................................................................... 119 

W. Sun, D. Sun, and J. Li 

v

https://www.civilenghub.com/ASCE/136567842/Experimental-and-Applied-Modeling-of-Unsaturated-Soils?src=spdf


Part II:  Applied Modeling and Analyses 

Effect of Slope Terrain on Distribution of Matric Suction in Unsaturated  
Slopes Subjected to Rainfall ............................................................................................... 128 

Ch. Fan and Ch. Hsiao 

Three-Dimensional Slope Stability Analysis of Unsaturated Soil Slopes  
Subject to Reservoir Water Level Fluctuations ................................................................ 137 

Ch. Yong, L. Defu, W. Shimei, and T. Dongfang 

Effect of Environmental Conditions on Stability of an Unsaturated Soil Slope ............ 144 
Z. Zhang, W. Cui, and R. Guo 

Failure Mechanism of Unsaturated Volcanic Slopes Due to Rainfall  
and Freeze-Thaw Actions ................................................................................................... 152 

S. Kawamura, S. Miura, and T. Ishikawa 

Centrifuge Model Tests of Slopes with Weak Layer under Rainfall............................... 159 
R. Wang, G. Zhang, and J. M. Zhang 

Development of Shrinkage Model for Clays Based on Moisture Variation.................... 166 
A. Sabnis, I. Abdallah, S. Nazarian, and A. Puppala 

Slope Stability Analysis of Railway Embankments Considering the Effects  
of Vegetation and Capillarity.............................................................................................. 173 

R. Katzenbach and A. Werner 

Stabilization of Embankment on Expansive Soil—A Case Study................................... 181 
R. Katti, U. Kulkarni, A. Katti, and R. Kulkarni 

An Empirical Method for Predicting Foundation Heave Rate  
in Expansive Soil ................................................................................................................. 190 

J. D. Nelson, D. D. Overton, and K. Chao 

Effect of Water Sources on Water Migration in the Vadose Zone .................................. 197 
K. Chao, D. D. Overton, and J. D. Nelson 

Signal Processing of Water Level Fluctuations in a Sloping Sandy Beach  
Modeled in a Laboratory Wave Canal .............................................................................. 204 

Y. Wang, R. Ababou, and M. Marcoux 

Non-Destructive Measurements of Unsaturated Seepage Flow Using Surface  
Ground-Penetrating Radar ................................................................................................ 211 

Y. Takeshita, S. Morikami, T. Yamashita, S. Kuroda, T. Morii, and M. Inoue 

Unified Solutions for Unsaturated Soil Shear Strength and Active 
Earth Pressure ..................................................................................................................... 218 

Ch. Zhang, J. Zhao, Q. Zhang, and F. Xu 

Indexes 

Author Index........................................................................................................................ 225 

Subject Index ....................................................................................................................... 227 

vi

https://www.civilenghub.com/ASCE/136567842/Experimental-and-Applied-Modeling-of-Unsaturated-Soils?src=spdf


 

 

 

 

 

 

 

 

 

Retention Properties and Compressibility of a Compacted Soil 
 

 

C. Kai1, and Z. Qing2 

 

 
1  

Southwest Jiaotong University, School of Civil Engineering, Chengdu, Sichuan, 610031, 

  P.R. China, e-mail:cuikai80@hotmail.com 
2  

Southwest Jiaotong University, School of Civil Engineering, Chengdu, Sichuan, 610031, 

  P.R. China, e-mail:zq253401327@163.com 

 

 
ABSTRACT:  Soil-water retention properties and compressibility are closely related 

to the stability of geotechnical engineering structures made of compacted soils. In the 

present study, the water retention curve of a compacted soil from Northern France was 

characterized using either suction control method or suction measurement. The results 

obtained showed a good correspondence between the two methods. Then, these two 

experimental methods were used in oedometer compression test to highlight the 

factors influencing the compression properties, especially in terms of changes in 

compression index as a function of initial suction and initial structure (i.e. density). In 

the case of low density (1.1 Mg/m
3
), the results evidenced different zones for the 

variations of compression index, separated by a stress threshold. Compression index 

did not change significantly when suction values were relatively high and the applied 

vertical stresses were lower than the identified threshold stress. 

 

 

INTRODUCTION 

 

The soil compressibility is highly variable both in time and space because it depends 

on soil type (texture), soil structure (porosity) and soil moisture (suction). To ensure 

the stability of structures involving compacted soils, it is essential to understand the 

water retention property and volume change behaviour of the soils under the combined 

mechanical and hydraulic effects. Most of results have been obtained for soils with 

very high dry bulk densities, and showed that compression index decreases with 

increasing suction. But for some loose soils such as compacted soils, some authors 

have found that it decreases with suction (Zhang et al. 1997, Défossez et al. 2003) 

while others have observed that soil suction has an insignificant effect (Larson et al. 

1980, Smith et al. 1997, Arvidsson and Keller 2004, Imhoff et al. 2004, Mosaddeghi et 
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al. 2006). In the present work, the water retention properties of a compacted soil taken 

from Northern France were characterized using either suction control method or 

suction measurement. Osmotic suction control method was used for the desiccation 

path and suction measurement using high capacity tensiometer was applied for the 

humidification path. Then, these two experimental methods were used in oedometer 

compression test to investigate the suction effect on the compression properties. 

 

 

MATERIALS 

 

For this study, a compacted loamy soil (17.3% clay, 77.7% silt, 5% sand) from a site 

at Mons in Northern France was used. The soil has a liquid limit of 29%, a plasticity 

index of 6 and a solid density of 2.7 Mg/m
3
. Air-dried soil was passed through 2 mm 

sieve. The water content of the soil powder is 2%. 

 

 

TESTING EQUIPMENT AND PROCEDURE 

 

Suction Control Method 

 

The osmotic technique for suction control testing is based on the use of a cellulose 

semi-permeable membrane and an aqueous solution of organic polyethylene glycol 

(PEG) molecules. When the soil is separated from the PEG solution by the membrane, 

water can cross the membrane whereas the PEG molecules in solution cannot due to 

their large size. The water stops flowing once equilibrium state is reached; there is 

thus the same suction in the PEG solution and the soil. This suction is known from the 

PEG calibration curve. According to Delage et al. (1998) and Delage and Cui (2000), 

there is a unique relationship between PEG concentration, C (g PEG/g water) and 

suction, s (MPa), independent of the molecular weight of the PEG. 

Oedometer compression tests were conducted with suction state controlled 

using the osmotic technique to study the compression index. A standard oedometer 

was adapted to the osmotic technique, allowing compression tests at controlled 

suction. Figure 1 shows the osmotic-based oedometer employed. The cell base was 

grooved to homogenize the distribution of the PEG solution; a fine sieve was placed 

over the grooves to protect the semi-permeable membrane placed between the sieve 

and the soil sample. A closed circuit activated by a peristaltic pump was designed to 

circulate the PEG solution. A one-litre bottle was used to ensure a quasi-constant 

concentration in spite of water exchanges with the soil sample. A capillary tube placed 

on the sealed bottle allowed monitoring water exchanges between the PEG solution 

and the soil sample. The bottle was placed in a thermostatic water bath at 20±0.5°C to 

avoid any temperature effects on the water exchange measurements. 

In addition, the entire system was installed in an air-conditioned room 

(20±1°C). In order to quantify the change of water volume due to temperature and 

evaporation, a second bottle full of PEG solution with a capillary tube was placed in 

the water bath. 
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Figure 1.  Schematic of osmotic oedometer and actual picture 

 

 

Series I: For each sample preparation, 103.62 ± 0.05 g dry powder was used. 

The soil powder was humidified by pulverization to reach 12.5% water content; the 

sample was prepared by compaction in the oedometer cell to reach dimensions of 

70 mm in diameter and 24 mm high, with a dry bulk density of 1.1 Mg m
-3

. The initial 

suction of the compacted sample before compression test was about 200 kPa, 

estimated by the tensiometer considered in the other experimental method: suction 

measurement. Series II: Test samples were prepared at different initial water content 

wi = 12.5, 13, 16 and 25% which supply the initial suctions near to 200, 100, 50 and 

10 kPa separately. 

For the series I, the six compression tests were performed at different suctions: 

0, 10, 50, 100, 180 and 200 kPa, each test having been started with a suction 

application process under zero vertical stress. The suction was applied either by 

circulating PEG solution of the desired concentration or pure water (for zero suction). 

Equilibrium was indicated by stabilization of the solution level in the capillary tube, 

 

Pump  

PEG  PEG  

Water 

bath  Soil  

Vertical 

stress  

Semi - Permeable   

membrane   

Capillary  tube  

Control of 

water exchange
  

GEOTECHNICAL SPECIAL PUBLICATION NO. 202 3

https://www.civilenghub.com/ASCE/136567842/Experimental-and-Applied-Modeling-of-Unsaturated-Soils?src=spdf

	Cover
	Contents
	Part I: General Characterization and Constitutive Behavior
	Retention Properties and Compressibility of a Compacted Soil


