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ABSTRACT

Relationship between Void Ratio and Permeability for Gypseous Soil
under Dynamic Load

By
Othman Mohammed Ibrahem
Supervisor Co- Supervisor
Assist. Prof. Dr. Waad A. Zakaria Dr. Qasim A. Mahdi

The behavior of Gypseous soil under different frequencies encountered
during a dynamic loading events like machine foundation, impact,
explosions, seismic activity is very difficult to analyze, thus an attempt has
been made to study the behavior of this type of soils subjected to dynamic

loading.

In this research a parametric study is carried out to investigate the effect
of applying a vibrated loading during leaching process. The work is carried
out by using an experimental model, designed and manufactured for this
purpose. Two representative samples of gypseous soil which contain
different gypsum contents with (65%, 46%) are brought from a local source

in Salah-Aldeen governorate, in north of Iragq.

The main objective of this research is to investigate the change in
permeability of the samples with time (leaching), associated strains,
dissolved salts and investigate the relationship between void ratio and the
coefficient of permeability under static loading. Then after investigate these
parameters under effect of wide range of vibrated loading to compare the
results obtained with static state. Also the basic characteristics of vibrated
loading have been measured during tests. They include, displacement
amplitude, acceleration of motion, magnitude of dynamic force applied, and

damping ratio.

The results show that some frequencies of loading have a slight effect in
permeability by increasing with percentage not exceeding 10 % from

original value. While there is a set of frequencies produce a significant



increasing in permeability coefficient by magnitude exceeds nearly (30%)
for the first sample and (45 %) for the second. As a result, the rate of
dissolution is increased during process due to increase in volume of water
collected. But the high frequencies have a different effect on permeability,
where it has led to a significantly decreasing in its value. The change in this
coefficient depends mainly on basic characteristics of vibration, which are,
displacement amplitude, acceleration, and amount of dynamic force applied.

Also the test results show that the vibrated loading leads to dangerous
collapse, which increases strongly with increasing of frequency of loading.
The collapse resulting from this loading reaches to 200 %, 210% from the
soaking collapse for the two samples (S1, S2) respectively.

The damping ratio calculation is performed according to bandwidth
method for the system. The results show that the damping ratio for the first
sample is greater than second sample. Also tests are carried to evaluate the
wall reflective characteristics of the test container and to assess the isolating
property of the rubber isolator which is used as absorbing layer. The results
indicate that there are a significant effect on the settlement occur due to wall
reflectance when the test is conducted without using absorbing layer in
model test. The reduction factor in value of settlement due to using the
absorbing layer is ranged between (15 - 28) % for frequencies of vibrated
loading between (30 - 100) Hertz.

Finally from the results, the relation between coefficient of permeability
and void ratio is plotted with complex relation, the initially part of curve
refers to increasing the permeability with decreasing of calculated void ratio,
but the last part shows that the decreasing in void ratio led to decreasing in

permeability of the soil samples.



Table of Content

Subject

AcKknowledg@ements. .............ooiiiiiii i
ADS I aCt e

L001) 1 115) 1 1 5.

LSt Of T ables i
List Of FIUIES ... e
LSt Of Plates oo

List of NOtations ... e
Chapter One: Introduction
L1 General .o e
1.2 GYPSCOUS SO0l ..ottt
1.3 Problems With Gypseous Soils ........coiiiiiiiiiii e
1.4 Dynamic Loading .......ooiiiiiitii i
1.5 Objectives of Study ..ot
1.6 Significant of StUAY .....oovviiiiiii
1.7 Layout of StUdy ..o e
Chapter Two: Review of literature
2.1 Introduction

2.2 GYPSEOUS SOILS oottt

2.2.1 Definition of Gypseous SOilS .......ooviiiiiiiiiiii e
2.2.2 Mineral of GYPSUIM  o.eenniiiii e e
2.2.3 Gypsum Formation in the Soil ...

2.2.4 Characteristics of GyPSUM ..ottt e e

2.2.4.1 Cementation .o.iiiiii e
2.2.4.2 Solubility and Rate of Solution ...,

2.3 Regional Distribution of Gypseous Soil  ..........coooiiiiiiiiiiiiiiiin.

2.3.1 Regional Distribution of Gypseous Soil in the world ........................
2.3.2 Regional Distribution of Gypseous Soil inIraq .................coeoeen.



2.4 Definition and Identification of Collapsing Soils and Collapse Mechanism
2.4.1 Collapsibility of Gypseous Soils ........cceiiiiiiiiiiiiiiiiiiieen,
2.4.2 Identification of Collapsing Soils .........ccoeeiiiiiiiiiiiiiiiinn,
2.4.3 Collapse MechaniSm ............coeviviiiiiiiiiiii i

2.5 Effect of Gypsum Content on Physical Properties of Gypseous Soils ..........

2.6 Effect of Soaking on Engineering Properties of Gypseous Soils ...............
2.6.1 Effect of Soaking on Collapsibility .............ccooiiiiiiiiiiiiiiin....

2.7 Leaching ..oooiiiiiii i e

2.7.1 INtrodUCHION ...uentitit et e
2.7.2 Methods of Performing Leaching Process ..............ccoevviiiininn.n.
2.72.1  FieldMethod ........coooiiiiiiiiiii
2.7.2.2  Laboratory Methods ..........ccooeiiiiiiiiiiiiiiiieiie e,
2.7.3 Problems of Leaching Test ..........cooiiiiiiiiiiiiiiiiiiiiii e
2.7.4 Effect of Leaching on the Engineering Properties of Gypseous Soils ...
2.7.4.1 Effect of Leaching on Collapsibility ..................coooiiinn.
2.7.4.2 Effect of Leaching on Permeability ........................oeai.
2.7.4.3 Factors affect collapsibility characteristics ........................

2.8 Hydraulic Conductivity Characteristics in Gypseous Soil ..................o.eene.
2.8.1 Hydraulic Conductivity of Soil ...........coooiiiiiiiiiii,
2.8.2 Hydraulic Conductivity of Gypseous Soil ............cooviviiiiiininnn.n.
2.8.3 Effect of Gypsum Content on Permeability ................c..cooiiii
2.8.4 Effect of Applied Stress on Permeability .............ccooviiiiiiiininn.

2.9 Soil Dynamic Problems ..........co.oiiiiiiiiiiiii i

2.9.1 Introduction on Dynamic Loading of Soils ..............ocovviiiiiinin
2.9.2 Factor Effecting on Soil Behavior under Dynamic Loading .............
2.9.3 Modes of VIibration ..........coeiuiuiiriiiiiiiiiiiiii e
2.9.4 Types of DampPing .......ooeiuiiuiiniiiiiiaei e
2.9.5 Literature ReVIEW ........o.oiiiiiiiii e
2.9.5.1 Analytical ModelS.........c.ovviiniiiiiiiii e
2.9.5.2 Laboratory EXperiments............ooovieiiiiiiiiiinineannannnn.
2.9.5.2.1 Confined Sample Loading....................cevenne.
2.9.5.2.2 Unconfined Sample Loading ........................

13
13
13
15
16
18
18
20
20
20
20
21
21
22
22
22
24
27
27
27
28
29
30
30
31
31
32
33
33
34
35
36



2.9.5.2.3 Vibrating Base Support .........c.ccoiiiiiiiiiint. 38
2.9.53 Field Studies ......cocovviiiiiiiiiiiiii 39
2.10 Research Related to the Study of Dynamic Loading Effect on the Flow of Water 40

2.11 General Comments about literature review 42

Chapter Three: Experimental Work

3.1 GeNETAL ..ot 43
3.2 TeSting Pro@ram .........oouuiiiniiiiiii e 43
3.3 S0il SamPlIng ....onnii e 44
3.4 Classification TeStS .......couiiiuiii i e 44
3.4.1 Physical Tests ...uonuiiniiii i 44
3.4.1.1 Specific Gravity (GS) ....ovuvirriiriiiiiii i eens 45
3.4.1.2 Partical Size Distribution ............ccooiiiiiiiiiiiiiiiiii. 45
3.4.1.3 Atterberg Limits .........cccooiiiiiiiiiiininn. 46
3.4.1.4 Moisture Content, (0) %0 ...oovvvrriiriiiiiiiiiiieiaiieenenn 48
3.4.2 Chemical TestS ......ooeiuiitiitiii i 48
3.5 Compaction TSt .. .oeuuiti it 49
3.6 ENgINeering TestS ....o.uuiiniiii it e 51
3.6.1 Single-Collapse TeSt .....ovueiniiiei e 51
3.6.2 Direct Shear TSt ......o.oiniiiii i 52
3.7 Experimental Model Test .........oooiiiiiiiiiiiiiii e 54
3.7.1 Leaching under Static and Dynamic Loading Setup: ........................ 54
3.7.2 Equipment for Inducing Vibration .............c.oooiiiiiiiiiiiiiiiiiiian.. 57
3.7.3 Selecting of Hydraulic Gradient ..............ccocoiiiiiiiiiiiiiiiieieennn, 59
3.7.4 Temperature Effect on the Permeability ................ccooiiiiiiinnnn. 59
3.8 TeStING PrOZIAIM .. ..utttt it ettt ettt e ettt e eeaeaeeaees 60
3.9 Device for Measuring Vibration Response .............ccooeiiiiiiiiiiiiiiniinn... 62
3.10 Duration of Dynamic loading ............c.ooiiiiiiiiiiiiiiiii e, 64
3.11 Effects of Wave Reflection from the Boundary of the Test container on tests 65
results

Chapter four : Results and discussion

4.1 INErOAUCHION . uunttt ettt 67
4.2 Results and Discussion of the Experimental Model .......................... ... 67
4.2.1 Results of base tests: (without applying dynamic loading) ................. 68
4.2.2 The Results of Tests with Dynamic Loading ............................... 74



4.2.2.1 Strain Due to Dynamic Loading...............................
4.2.2.2 Total strain due to dynamic loading with Frequency

4.2.2.3 Variations of Displacement Amplitude with Frequency .........
4.2.2.4 Leaching Process after Dynamic Loading Period .................

4.2.2.5 Dynamic Loading Effect on Permeability During Leaching
Process:

4.2.2.6 Dynamic Loading Effect on Total Dissolved Salts versus Leaching
Strain Curve

4.2.2.7 Dynamic loading effect on k-e relationship .......................

4.2.2.8 Mechanism of soil behavior during dynamic loading with
water flow thought specimen

4.3.3 Dynamic Collapse during Tests .........ccooviiiiiiiiiiiiiiiiiiiiieeieeen,
4.3.4 Measurement of Damping ..........c.ooeiiiiiiiiiiiiiiiiii i,

4.3.5 Effects of Wave Reflection from the Boundary of the Test container on
tests results

Chapter Five: Conclusion And Recommendation
ST CONCIUSIONS . .eeett ettt e
5.2 ReCOMMENAATIONS ... ..uueittntentet ettt et ettt e aae e
Reference ..o
APPENAIX A o e
Appendix B

\

74
76
79
81
84

88

93
97

99
102
103

106
108
110

B-1



LIST OF TABLES

Table Page
No. Table title
2.1 Classification of gypseous soil after Barazanji, (1971). 7
2.2 Classification of gypseous soil after Nashat (1990) 7
2.3 Chemical proportions of gypsum and anhydrite, (After AL-Mufty

1997).
2.4 Degree of collapsibility by two methods 15
2.5 Summary of effect of gypsum content on physical properties. 17
2.6 Summary of conclusions about the effect of soaking on the 19
collapsibility

3.1 Results of Physical Properties of Samples 50
3.2 Results of Chemical Properties of Samples 51
33 Results of direct shear test of Samples 52
34 Typical hydraulic gradient (Giroud, 1996) 59
4.1 Summary of test results for S1, Amplitude of force=40 gm. 91
4.2 Summary of test results for S1, Amplitude of force=60 gm. 92
43 Summary of test results for S2, Amplitude of force=40 gm. 92
4.4 Summary of test results for S2, Amplitude of force=60gm 93
4.5 Collapse due to dynamic loading (D.CP) (S1, 40 gm.) 100
4.6 Collapse due to dynamic loading (D.CP) (S1, 60 gm.) 100
4.7 Collapse due to dynamic loading (D.CP) (S2, 40 gm.) 101
4.8 Collapse due to dynamic loading (D.CP) (S2, 60 gm.) 101
4.9 Damping Ratio of the soil samples Sland S2 103
4.10 Results of tests performed in lined and unlined steel model 104
4.11 The measured displacement amplitude at vibrating plate and at outside 105

VI




LIST OF FIGURES

Fig. . . Page
No. Figure Title
2.1 Cementation of soil grains, After Harwood 1988). 9
2.2 Regional Distribution of Gypseous Soils in Iraq, (After Barazanji, 1973) 12
2.3 Typical collapsible soil structure (after Clemence and Finbarr, 1981) 15
2.4 Structure of the Collapsible Soils, (Houston, et al., 1988) 16
2.5 Coefficient of Permeability for the Samples Tested by Rowe Cell, (After 24
Karkush, 2008).
2.6 Results of oedometer permeability-leaching test under different vertical 25
stresses, (after Al-Busoda, 1999)
2.7 Leaching time versus percentage of dissolved gypsum at different values of 26
concentration, (after Al-Shargabi, 1999).
2.8 Strain versus percentage dissolved gypsum from Baiji soil, 27
(After Nashat, 1990).
2.9 Modes of Vibration of a Rigid Foundation after Richart (1962) 33
3.1 Particle - size Distribution curve for gypseous soil S1 47
3.2 Particle - size Distribution curve for gypseous soil S2 47
3.3 Standard Procter compaction curve test result 50
3.4 Single Oedometer Collapse test result 52
3.5 Direct Shear Test Results for gypseous soil with dry and soaking with 53
water for sample (1) and (2)
3.6 Schematic diagram of experimental setup 56
3.7 The principle of the rotating mass type oscillator. 58
3.8 Testing Program 66
4.1 Volumetric Strain versus Time for the Test Stages for S 1. 68
4.2 Volumetric Strain versus Time for the Test Stages, for S 2. 69
43 Dissolved Salt (concentration (mg/liter) 71
4.4 Results of Coefficient of Permeability K (cm/min) 72
4.5 Results of model Permeability — Leaching Test of Natural State 72
4.6 Coefficient of Permeability (k) with void ratio (e) 73
4.7 Dynamic loading strain (one hour) versus time for (S1), (me =40 gm.) 74
4.8 Dynamic loading strain (one hour) versus time for (S1), (me = 60 gm.) 75
4.9 Dynamic loading strain (one hour) versus time for (S2), (me =40 gm.) 75
4.10  Dynamic loading strain (one hour) versus time for (S2), (me = 60 gm.) 76

VI




4.11
4.12
4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

Total Strain versus frequency for one hour of dynamic loading for S1
Total Strain versus frequency for one hour of dynamic loading for S2

Variations of Displacement Amplitude with Frequency for two values of
(me) for S1 (G.C.66%)

Variations of Displacement Amplitude with Frequency for two values of
(me) for S2 (G.C.46%)

Strain due to Dynamic loading and leaching versus time for S1, Amplitude
of dynamic force (me =40 gm.)

Strain due to Dynamic loading and leaching versus time for S1, Amplitude
of dynamic force (me = 60 gm.)

Strain due to Dynamic loading and leaching versus time for S2, Amplitude
of dynamic force (me =40 gm.)

Strain due to Dynamic loading and leaching versus time for S2, Amplitude
of dynamic force (me = 60 gm.)

Variation of Coefficient of permeability with time for the frequencies
tested, for S1, Amplitude of dynamic force applied (me =40gm)

Variation of Coefficient of permeability with time for the frequencies tested,
for S2, Amplitude of dynamic force applied (me = 40 gm.)

Strain due to Dynamic loading and leaching versus Dissolved Salts for

(S1), Amplitude of dynamic force (me = 40 gm.)

Strain due to Dynamic loading and leaching versus Dissolved Salts for
(S1), Amplitude of dynamic force (me = 60 gm.)

Strain due to Dynamic loading and leaching versus Dissolved Salts for
(S2), Amplitude of dynamic force (me =40 gm.)

Strain due to Dynamic loading and leaching versus Dissolved Salts for
(S2), Amplitude of dynamic force (me = 60 gm.)

Relationship between k and e for Sample (1) , under dynamic loading,
Amplitude of force (40 gm)

Relationship between k and e for Sample (1) , under dynamic loading,
Amplitude of force (40 gm)

Bandwidth method of determination of damping ratio from forced
vibration test

78
78
80

80

82

82

83

83

86

87

89

89

90

90

95

96

102



TABLE OF PLATES

Plate No. Plate Title Page
3.1 Devices Used for Measuring Vibration Response 62
3.2 Laboratory model testing 63
33 Checking the Fequency of System Using Digital 64

Tachometer




LIST OF NOTATIONS

C.p. Collapse potential
e Collapse potential according to ASTM D5333, (2003).
€o Natural void ratio.
G.C. Gypsum content
) angle of friction
c Cohesion
Cc compression index
Cr rebound index
€y volumetric strain
k coefficient of permeability
i Hydraulic gradient
Gs Specific Gravity
Dr Relative Density
yd Density of the soil in its natural state field value
Y Gypsum content
Me Rotating mass
o circular frequency of the system
e eccentric distance of the rotating mass
TDS Total Dissolved Salts
Az vertical amplitude
uscs | Unified Soil Classification System
L.L. Liquid limit
PL. Plastic limit
OM.C. | Optimum moisture content
T.S.S. | Total soluble salts
O.M. Organic matters

Xl




Chapter One Introduction

CHAPTER ONE
INTRODUCTION

1.1 General

Many parts of the world are suffering from many common soil
problem, it is the presence of gypsum in soils. Its deposits possibly existing in
shape of (CaS04.2H,0) or anhydrate (CaSO4). Many areas in countries such
as Australia, Europe and Argentina are covered by gypseous soil, these soils
occupy approximately 1.5 % of the total area of the world, and this ratio
represent nearly 186 million ha. (FAO, 1998).

In Iraq, gypseous soil also found in considerable amount, huge area of
land is covered by gypseous soil. These areas are valued to be about 30% of
complete areas concentrated mainly in the west desert and extending to the
southern parts and directed towards south west. (Al- Saoudi, et al., 2013).

Construction on gypseous soils may cause numerous engineering
problems. The main reason of these problems is the softening of the existing
gypsum when these soil are moistened. Theses soils may be exist in dry and
semi-dry areas, in such regions, the annual amount of precipitation is
insufficient to dissolve the gypsum present in these soils, (Pitrukhin and

Boldyreve, 1978).

1.2 Gypseous Soil

Because of the complex and unpredictable behavior of this type of soil,
it is classify as one of the collapsible soils. This is because that the gypsum
existent among particles usually acts as cementing agent that strengthening the
particles with each other. At moistening, the existing soil skeleton are missing

progressively producing the breakdown problem.



Chapter One Introduction

The gypseous soils are commonly firm when they are dry, it reveal great
bearing capacity, very low compressibility, but high reduction of volume,
bearing capacity and rapid change in compressibility happen at any change in
moisture content, (Dudly, 1970; Clemence and Finbarr, 1981).

Behavior of gypseous soil in the laboratory depends on whether the soil
is originally gypseous or prepared in the laboratory, and whether the samples
are disturbed, undisturbed or compacted. Also the gypsum content, coefficient
of permeability, void ratio, and initial water content, have essential roles in the

engineering behavior of such soils, (Al-Mufty, 1997).

1.3 Problems with Gypseous Soils

Existence of gypsum under foundations of structures consider the
greatest difficult which is possible to encounter the specialist, because of its
damaging effects, particularly when environmental fluctuations in saturation
condition, (Nashat, 1990).

In fact, the main problem of gypseous soil is solubility of gypsum. This
problem becomes more complicated due to increasing of water table or
existence of hydraulic gradient producing percolating and migration of
gypsum, also to dissolution, and decreasing in soil mass is take place. This
produce a continual breakdown in the gypseous soil (Al-Mufty, 1997). The
dissolution of gypsum out of soil causing damage to the physical and
engineering characteristics of the soil, in addition to huge deformation,
(Mikheev et al., 1973).

Significant difficulties have been observed when a foundations are
erected on areas containing such soils in Iraq, such as gypsum dissolution in
the foundation of Mousil dam has caused undesirable leakage (Nashat,1990),
problems due to leaching of gypsum in Mendeli irrigation projects, and

south Al-Jazirah irrigation project. Failure of different structures constructed

2



Chapter One Introduction

on gypseous soils in another locations were recorded such as Samarra tourist
hotel, Tikrit training center, Tikrit water storage tank, Kerbala elevated water
tank, Dujail communication center and Habbaniyah tourist village, (Sirwan et
al., 1989). Damages produced via gypseous soils have been investigated in
numerous regions around the world in addition to Iraq, such as Arabian

Peninsula, Russia, USA, and Spain.

1.4 Dynamic Loading

The behavior of soils subjected to dynamic loading is more problematic
than static loading, so problems arise when a genuine simulation of site
condition is necessary to be investigated. There are many activities can be

classified as a sources of dynamic loading.

Seismic activity, explosions, traffic and rail, and machine foundation are
considered as a main causative of vibrations which transfer through soil. Most
of essential engineering characteristics of soil, such as void ratio, permeability,
density, shear strength parameters, are liable to vary when exposed to
vibration, (Barkan, 1960). There is a great importance for studying the effect
of vibrated loading on basic properties of soil. Because that these basic
properties are important to the geotechnical engineer in designing most of civil
engineering projects, such as building foundation, dams, evaluating the
stability of slopes, and determining the safety of these earth masses against

failure.

In many cases, the soil that are stable under static load, fails when exposed
to dynamic load. Huge number of structures have variable loads, for example
pumping stations, turbines, towers, roadways and pipelines on or underground
surface. Therefore the foundation and underbeneath soils are exposed to wide

range of dynamic loading through different frequencies which are influenced
3



Chapter One Introduction

by the nature of the structure. State of loading may possibly differ from large
number of cycle with small strain amplitude in the state of vibration due to
machine, to comparatively a small number of cyclic of huge strain amplitude

in the case of seismic activities (Silver and Seed, 1971).

1.5 Objectives of Study

This work aims to research the effect of dynamic loading on behavior of
gypseous soil during leaching. In this research a parametric study is carried
out to investigate the effect of applying a wide range of frequencies of vibrated
loading on two samples of gypseous soil with different gypsum content, during

leaching process.

The main objective of this research is to investigate the permeability of
the two samples with time (leaching), associated strains, dissolved salts and
investigate the relationship between void ratio and the coefficient of
permeability under static loading. Then investigate these parameters under
effect of wide range of vibrated loading and compare the results obtained of

two states.

1.6 Significant of the Study

A review of previous studies about behavior of gypseous soil revealed that
most of them investigated this behavior under one dimensional static loading
condition. But none of these studies investigated this behavior under the effect
of any form of dynamic loading state. In addition, the fact that many of
gypseous soil regions are opened up to industrial development, or may
exposed to earth quack. It has become essential to study in depth the
properties, behavior of such soils under different conditions. Due to the lack
in research on this topic. Thus, this study will be an attempt to study the nature

of this behavior under this type of loading.
4



Chapter One Introduction

1.7 Layout of Study

This thesis consists of five chapters. Chapter one presents a brief
introduction and general information about gypseous soils and the target of the

present study.

Chapter two covers a brief review of the available literature related to the
gypseous soils. This include the properties of gypsum, influence of gypsum
on engineering characteristics of soil. This chapter also presents a review
about previous studies that deals with effect of harmonic vertical vibration on

the soil.

Details of laboratory program that consists of conventional tests are
covered in chapter three, also it contains a detailed description of the tests
model manufactured to accomplish the work and the procedure for the testing

program.

Chapter four includes presentation of test results and their discussions.
Summary of the main conclusions and recommendations for future work are

covered in chapter five.



