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Abstract 

Dispersive clay soils collapse or disperse to form dissolved slurry when in contact with water. These soils 

are highly prone to erosion often leading to tunnel and gully erosion. Unlike other forms of erosion, 

dispersion and tunnel erosion result from an imbalance in soil chemistry. Dispersion of soil occurs when 

it is wetted and the clay particles are forced apart. Thus dispersive soils erode under small seepage 

velocity leading to problems of stability of earth and earth retaining structures. The extent of dispersion 

depends on mineralogy and clay chemistry as well as the dissolved salts of the pore fluid. Soil 

dispersivity is mainly due to the presence of exchangeable sodium present in the structure. The attractive 

forces are less than the repulsive forces under saturated conditions and this will help the particle to 

segregate and to move in suspension. Many structures are built, on and through clay soils, because of 

their low permeability. In the past dispersive clay soils were not recognized, and failure of several 

structures occurred before dispersive action was identified. This article presents description of 

characteristics and problems of dispersive clay soils, tests for identifying and approaches for minimizing 

erosion risk in dispersive soil 

Keywords: dispersive Soil, Sodium, piping, Chemical test, Physical test.. 

 

 

1. INTRODUCTION  

 

Many earth dams, hydraulic structures and other structures like road way embankments have suffered serious 

erosion problems and have failed due to the presence of the dispersive soils. Though the problem has been 

identified in many parts of the world in recent times, design advances and technical preventive measures are 

yet to be fully developed and practiced. As the scope and magnitude of the problem which can result from the 

use of dispersive soil is very high, preventing the failures caused by the dispersibility of the soils has become 

one of the major concerns of the geotechnical engineers [1]. 

In the past, clay soils were considered to be highly resistant to erosion by flowing water, however, in the last 

few years we recognize that highly erodible clay soils exist in nature. Some natural clay soils disperse or 

deflocculates in the presence of relatively pure water and are, therefore, highly susceptible to erosion and 

piping. The tendency for dispersive erosion in a given soil depends on variables such as mineralogy and 

chemistry of the clay, as well as dissolved salts in the water in soil pores and in the eroding water. Such clays 

are eroded rapidly by slow-moving water, even when compared to cohesionless fine sands and silts. When 

dispersive clay soil is immersed in water, the clay fraction behaves like single-grained particles; that is, the 

clay particles have a minimum of electrochemical attraction and fail to closely adhere to, or bond with, other 

soil particles. Thus, dispersive clay soil erodes in the presence of flowing water when individual clay 

platelets are split off and carried away. Such erosion may start in a drying crack, settlement crack, hydraulic 

fracture crack, or other channel of high penneability in a soil mass. Dispersive soils are clayey silty soils 

which are highly susceptible to erosion. The dispersion occurs when the repulsive forces between individual 

clay particles exceed the attractive forces (Vander Waals attraction) so that when the clay mass is even in 

contact with still water individual clay particles are progressively detached from the surface & go into 

suspension. 

The principal difference between dispersive clays and ordinary erosion resistant clays appears to be the 

nature of the cations in the pore water of the clay mass. Dispersive clays have a preponderance of sodium 
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cations, whereas ordinary clays have a preponderance of calcium, potassium, and magnesium cations in the 

pore water [1], [2]. 

 

2. DESCRIPTION OF DISPERSIVE SOILS 
 

The clay fraction in dispersive soil that comes in contact with water behaves like a single grained particle 

with less electrochemical attraction and does not adhere with other soil particle. The electrical surface force 

(inter particle repulsive force) exceeds the Van der walls attraction and the detached clay particles are carried 

away causing piping in earth dams. The dispersiveness of soils is mainly due to the presence of sodium ions 

in the soil structure and not due to the presence of sodium in the pore water [1], [2]. 

The erosion occurs when shearing stress induced by fluid flow on a surface is large enough to cause particle 

removal from the surface. The resistance to erosion is offered by the submerged weight of the sediment, i.e. 

gravity forces for non-cohesive soils. But in cohesive soil the structure of the soil and the interaction between 

pore and eroding fluids at the surface is the phenomenon involved in soil erosion. The amount and type of 

clay, pH, organic matter, temperature,  water content, thixotrophy and type and concentration of ions in the 

pore and eroding fluids are the factors that affect the critical shear stress required to initiate erosion. The 

osmotic influences and the structure of clay produce swelling of clay surface because of the difference in the 

concentration between the pore and eroding fluid. The interparticle bonding forces are reduced by the 

swelling and this is a factor in the erosion of cohesive soils by water. The swelling caused by the 

concentration gradients existing at a clay-water interface will be greater if the soil system is more dispersed. 

The erosion is accelerated by a process called slaking in partially saturated soils. The slaking is due to excess 

air pressure in the capillaries because of surface tension force in partially saturated soil. The pressure exerted 

by the entrapped air in the pores break loose small bits of soil on the surface. The slaking is more for the 

highly flocculated and low plasticity soils [3]. 

 

 

3. IDENTIFICATION OF DISPERSIVE SOIL 
 

The four special laboratory tests namely Sherard’s Pin hole test, SCS double hydrometer test, Crumb test and 

Chemical analysis of pore water, for assessing dispersive characteristics are popular in India and United state 

of America (USA). Experience shows that none of the four tests truly identity the dispersive nature and there 

is wide disagreements between the outcome of each of the four tests. At present, Sherard’s Pin hole test and 

its later modifications is considered to be more reliable. Realistic assessment in the identification of 

dispersive characteristics is possible only after taking into consideration, the extent of reliability of each of 

the four tests, applicability of the test in field conditions and other related factors viz. mineralogy, soluble 

salts in pore water etc. Dispersive clays have not been associated with any specific geological origin but 

mostly till date have been found as alluvial clays in the form of slope wash, lake bed deposits, loess deposits, 

and flood-plain deposits. They can be of any colour, however black coloured soils, with high organic content, 

have not been found to be dispersive. Usually in areas where there is no man made excavation or 

embankments; there is little or no evidence from surface appearance that the soil is erodible. In areasof steep 

topography where dispersive clays exist there is easily recognizable surface erosion of characteristic pattern. 

Dispersive soils contain high sodium ion concentration in the pore water. Sodium affected soils usually result 

from a secondary accumulation of weathering products due to evaporation. As evaporation proceeds, calcium 

and magnesium ions precipitate as carbonates. This causes the relative sodium concentration to become very 

high even when its concentration is quite low. This high sodium soil solution then shifts the exchange 

equilibrium, causing the sodium to move on to move on to the exchange complex. Subsequent leaching 

removes the soluble salts but the exchanged sodium stay with the soil.  Sodium soils are thus generated by 

various forms of this evaporation accumulation-leaching cycle. Mineralogy plays an important role in the 

study of clay dispersive characteristics of fine grained soils. These in turn are related to the type of minerals 

present and structure they possess, Sodium montmorillonite even at low sodium ion concentrations exhibits 

dispersion.  Kaolinite another principal clay mineral, though structurally different from montmorillonite does 

not show dispersive characteristics. Dispersive clays have not been associated with any specific geological 

origin but mostly till date have been found as alluvial clays in the form of slope wash, lake bed deposits, 

loess deposits, and flood-plain deposits. They can be of any colour, however black coloured soils, with high 

organic content, have not been found to be dispersive. Usually in areas where there is no man made 

excavation or embankments; there is little or no evidence from surface appearance that the soil is erodible. In 

areas of steep topography where dispersive clays exist there is easily recognizable surface erosion of 

characteristic pattern. Dispersive soils contain high sodium ion concentration in the pore water. Sodium 
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affected soils usually result from a secondary accumulation of weathering products due to evaporation.  As 

evaporation proceeds, calcium and magnesium ions precipitate as carbonates. This causes the relative sodium 

concentration to become very high even when its concentration is quite low. This high sodium soil solution 

then shifts the exchange equilibrium, causing the sodium to move on to move on to the exchange complex. 

Subsequent leaching removes the soluble salts but the exchanged sodium stay with the soil.  Sodium soils are 

thus generated by ity leading to problems of stability of earth and earth retaining structures. The extent of 

dispersion depends on mineralogy and clay chemistry as well as the dissolved salts of the pore fluid. Soil 

dispersivity various forms of this evaporation accumulation leaching cycle. Mineralogy plays an important 

role in the study of clay dispersive characteristics of fine grained soils. These in turn are related to the type of 

minerals present and structure they possess, Sodium montmorillonite even at low sodium ion concentrations 

exhibits dispersion. Kaolinite another principal clay mineral, though structurally different from 

montmorillonite does not show dispersive characteristics. Mechanism of dispersion  Erosion, which is a more 

general term, encompasses dispersion, occurs when the external forces acting to in the soil exceed the 

internal forces holding the soil together. Causative mechanisms can be due to either a large external force, 

such as breaking waves, sluicing water, or concentrated seepage, or to a degradation of the internal forces 

such as by expansion of ice, solution of chemical cement grouts, or dispersion of clay. Erosion is time 

dependent and usually continues until external and internal forces balance. The external factors affecting 

erosion are Slope and slope configuration, Presence of water and its chemical constituents, Wind and its 

effect, Hydro-dynamic characteristics of the body of water, Climatic condition-rainfall, intensity and 

duration, Relative stiffness of slope structure or protective cover up, Drainage provisions and filling up of 

reservoir etc. It is stated that the dispersive action is noticed in certain dams during the first wetting. This 

includes cases where the reservoir level is raised after having been at a given elevation for a period of time. 

The internal factors affecting mechanism of dispersion are  Soil compaction (dry density, moisture content), 

Mineral composition, Pore water, its composition and concentration. Fabric, Joints, cracks etc. The internal 

factors can be studied in detail in a laboratory and correlation to dispersive action is possible [4]. 

 

 

Laboratory Techniques For Identifying Dispersive Soil 

 

Although a number of tests have been used to identify dispersive soils, no single test has been developed that 

can reliably identify all dispersive soils under all conditions. For civil engineering works or infrastructure 

development, it’s suggested that a range of chemical and physical tests be employed rather than relying on 

interpretation of a single analysis [5]. 

It is important that all soil specimens be maintained and tested at their natural water content since drying, 

especially oven drying, may alter dispersive characteristics. While the several tests give consistent  results for 

many soils, there are a significant number of exceptions. Consequently, it is prudent to perform all tests on 

each soil sample [4].  
 

 

 Physical Test 

The conventional physical tests performed to determine the dispersive clays includes crumb, pinhole test and 

double hydrometer test. 

  

  

1) The Crumb Test  

The Emerson Crumb Test was developed as a simple procedure to identify dispersive soil behavior in the 

field, but is now often used in the laboratory as well. The test consists of either preparing a cubical specimen 

of about 15 mm on a side at natural water content or selecting a soil crumb at natural water content of about 

equal volume. The specimen is carefully placed in about 250 ml of distilled water. As the soil crumb begins 

to hydrate, the tendency for colloidal-sized particles to deflocculate and go into suspension is observed. 

Results are interpreted at timed intervals and four grades of reaction are discernible: 1 - no reaction; 2 - slight 

reaction; 3 - moderate reaction; and 4 – strong reaction (colloidal cloud covering the entire bottom of the 

container). The following interpretive guide may be used to assess dispersive potential No reaction: The 

crumb may slake and run out on the bottom of the beaker in a flat pile but there is no sign of cloudy water 

caused by colloids in suspension.  Slight to moderate reaction: There is a bare hint to easily recognizable 

cloud of colloids in suspension. The colloids may be just at the surface of the crumb or spreading out in thin 
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streaks on the bottom of the beaker.  Strong reaction: The colloid cloud covers nearly the entire bottom of the 

beaker, usually in a very thin layer.  In extreme cases, all the water in the beaker becomes cloudy. The crumb 

test gives a good indication of the potential erodibility of clay soils; however, a dispersive soil may 

sometimes give a nondispersive reaction in the crumb test. If the crumb test indicates dispersion, the soil is 

most likely dispersive. The test procedure is fully described in USBR 5400, Procedure for Determining 

Dispersibility of Clayey Soils by the Crumb Test [4], [6]. 

 

2) The Double Hydrometer Test  

 

The SCS (Soil Conservation Service) laboratory dispersion test, also known as the double hydrometer test, is 

one of the first methods developed to assess dispersion of clay soils. The sample should be sent to the 

laboratory in an airtight container to prevent moisture loss. Testing is performed on specimens at natural 

water content. The particle size distribution is first determined using the standard hydrometer test in which 

the soil specimen is dispersed in distilled water with strong mechanical agitation and a chemical dispersant. 

A parallel hydrometer test is then made on a duplicate soil specimen, but without mechanical agitation and 

without a chemical dispersant. Criteria for evaluating degree of dispersion using results from the double 

hydrometer test is shown in Table 1:  

  
Table 1. Degree of dispersion using results from double hydrometer test 

 

Percent dispersion Degree of dispersion 

<30 Non dispersive 

30 to 50 Intermediate 

>50 Dispersive 

 

Numerous tests should be performed because soil dispersiveness can vary greatly over short distances within 

a borrow area, along a canal alignment, or within an existing embankment. Test results show that a high 

percentage of soils with dispersive characteristics, exhibited 30 percent or more dispersion when tested by 

this method [4], [6]. 

 

 

3) The Pinhole Test  

The pinhole test was developed to directly measure dispersibility of compacted fine-grained soils in which 

water is made to flow through a small hole in a soil specimen, where waterflow through the pinhole simulates 

water flow through a crack or other concentrated leakage channel in the impervious core of a dam or other 

structure. 1.0 mm diameter hole is punched or drilled through a 25-mm-long by35-mm-diameter cylindrical 

soil specimen. Distilled water is percolated through the pinhole under heads of 50, 180, and 380 mm 

(hydraulic gradients of approximately 2, 7, and 15), and the flow rate and effluent turbidity are recorded. The 

50, 180, and 80 mm heads result in flow velocities ranging from approximately 30 to 160 cm/s at hydraulic 

gradients ranging from approximately 2 to 15. The test was developed by Sherard et al. (1976a) and in the 

past few years has become a widely used physical test. It is important that the test be made on soil at its 

natural water content because drying may affect test results for some soils. If the material contains coarse 

sand or gravel particles, these should be removed by passing the sample through a 2-mm sieve. Detailed test 

procedures are outlined in USBR 5410, Determining Dispersivity of Clayey Soils by the Pinhole Test 

Method. As a result of extensive laboratory investigations and a field testing program completed in 1982, 

Reclamation modified the original pinhole test procedure and equipment. The modified pinhole test produces 

the same result as the original test, but with improved specimen preparation, handling, control, and testing 

consistency. it is to be stated that, results from the individual tests often do not agree, and the pinhole test is 

considered the most reliable since it is a direct physical test [4], [6]. 

 

 

 Chemical Tests 
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Chemical analyses such as ESP and SAR attempt to relate the relative abundance of exchangeable cations to 

aggregate stability and dispersion. Relationships between soil dispersion and chemical properties such as 

Exchangeable Sodium Percent (ESP), Cation Exchange Capacity (CEC), Sodium Absorption Ratio (SAR), 

and Electrical Conductivity (EC) have been developed for a limited range of soils [5]. 

The Exchangeable Sodium Percent (ESP) is the most common analytical technique used to identify sodic or 

potentially dispersive soils. 

    
   

                       
                                                                                                                          (1)           

 

Criteria which have been used to classify dispersive clays using ESP data is shown in Table 2. 

 

 
Table 2. Degree of dispersion using ESP data 

 

ESP Degree of dispersion 

<7 Non dispersive 

7 to 10 Intermediate 

>10 Dispersive 

 

 

 

  Another parameter commonly evaluated to quantify the role of sodium with respect to dispersion when free 

salts are present is the SAR (sodium absorption ratio) of the pore water where: 

 

    
  

           
  meq/L 

 

(2) 

   

The SAR method is not applicable if no free salts are present. Use of the SAR is based on the fact that soils in 

nature are in equilibrium with their environment. In particular there is a relationship between electrolyte 

concentration of the soil pore water and the exchangeable ions in the clay adsorbed layer. Australian 

researchers showed that all soils were dispersive if SAR exceeded 2. This shows reasonable agreement for 

soils with TDS (total dissolved salts)between 0.5 and 3 meq/L but not for soils outside this range as shown 

on figure 1. The currently accepted method of evaluating the chemical influence on dispersive behavior in the 

USA is shown on figure 2 where: 

 

                
        

   
 

 

(3) 

with TDS =Na + Ca + Mg + K     
 

(4) 
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Figure 1. SAR superimposed on TDS chart [6]. 

 

Figure 2. Dispersive Potential vs. TDS [2]. 

 
procedure was developed for evaluating effects of dissolved salts in the pore water on dispersive potential as 

shown on figure 3. 
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Figure 3. Dispersive Potential evaluated from analysis of dissoilved salts in por water [6]. 

 
 

 

4. PROBLEM OF DISPERSIVE SOIL 
 

The problems related to dispersive soils are common throughout the world. Earth dams constructed on 

dispersive soils have suffered internal and surface erosion. The erosion features such as rill and gully marks, 

channels, internal cavities and tunnels with in the soil mass have been observed in natural slopes of 

dispersive soils. The failure of slopes due to dispersion of clay particles by seepage water along cracks, 

fissures and root holes are initiated by erosion of soil. Thus the failure initiated by piping makes the 

embankments constructed on dispersive soil susceptible [3], [7]. Dispersive piping in dams has occurred 

either on the first reservoir filling or, less frequently, after raising the reservoir to highest level. Tunneling 

failures commence at the upstream face when the reservoir is filled for the first time, the settlement 

mayaccompany saturation of the soil, particularly if the soil was placed dry of optimum and not well 

compacted. Settlement below the phreatic surface and arching above can result in crack formation. Water 

moving through the cracks picks up dispersive clay particles, with the rate of removal increasing as the 

seepage velocity increases [3], [8]. 

Dispersive soils are not suitable as foundation material or as fill material in the construction of hydraulic 

earth structures. Using dispersive clay soils in hydraulic structures, embankment dams, or other structures 

such as canal lining, roadway embankments can cause serious engineering problems if these soils are not 

identified and used appropriately. This problem is worldwide, and structural failures attributed to dispersive 

soils have occurred in many countries [2]. 

 

 

Piping Failure   

 

In the classical explanation of piping failure in an earth embankment dam, concentrated leak emerging at the 

downstream side is caused by water flowing through the pores of the soil. The erosion starts first at 

downstream end of the leak, causing a local concentration of seepage and erosion forces.  The erosion 

progresses upstream-forming a tunnel shape passage or pipe until it reaches the water source, at which time a 

rapid catastrophic failure may result. The erosion occurs mainly in cohesionless soils which have little 

resistance to the plucking forces of the seeping water. With dispersive clay, piping is due to a defloculation 

process where water travels through a concentrated leakage channel, such as crack, from the movement of its 

inception. The erosion of the walls of the leakage channel then occurs along the entire length at the same 

time. Erosion damage in embankments constructed with dispersive soils have generally occurred in areas of 

high crack potential such as long conduits, in areas of  large differences in compressibility of foundation 

materials. When a concentrated leak starts through embankment constructed of dispersive clay, either of  
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falling two actions may occur: (a) .If the velocity is sufficiently low, the clay surrounding the flow channel 

swells and progressively seals off the leak. (b) If the initial velocity is sufficiently rapid, the dispersed clay 

particles are carried away, enlarging the flow channel at faster channel at faster rate than it is closes by 

swelling leading to progressive piping failure [4]. 
 
 

5.      Management of Dispersive Soil 

 
in the past, when soils with good engineering properties such as low plasticity, high bearing capacity, low 

settlements etc were not available for the construction of embankments, highways, airport runways, dams and 

other earthen infrastructure, the ease of construction and ease in procuring the materials were the factors that 

governed the choice of site rather than economic factors. But at present, due to increased land use pattern 

there is more concern about the economy. In practice, soils with low bearing capacity, low stability, high 

settlements, excessive swelling or shrink properties are usually encountered. It has become necessary to make 

such soils suitable for construction by increasing the strength, reducing compressibility, swelling or 

shrinkage and increasing the durability of soils by altering the properties. In this direction, soil stabilization is 

very promising and in particular lime and cement stabilization is generally adopted in the field of highways 

and construction of earthen infrastructure due to its cost advantage and several beneficial changes in the 

engineering properties of soil such as improvement in plasticity and strength, decrease in shrink swell 

potential and erosion [9]. 

 

 

Chemical Amelioration 

 

Initiation of tunnel erosion is predominantly a chemical process, so it makes sense to use chemical 

amelioration strategies when attempting to prevent or repair tunnel erosion in dispersive soils.. Hydrated lime 

(calcium hydroxide) has been widely used to prevent piping in earth dams. Rates of application have varied 

depending on soils and degree of compaction used in construction. Laboratory testing usually indicates that 

only around 0.5 –1.0% hydrated lime is required to prevent dispersion, however difficulties with application 

and mixing necessitate higher rates of application [5]. 

The strength of the clayey soil increases with increase in lime content up to certain limit, called optimum 

lime content I which depends on clay content and reactive silica. It is observed that the lime treatment 

reduces the settlement and improves the strength and is useful in problematic soil. 

 Sadek Deboucha et al [10] reported that the results show the influence of curing period on the unconfined 

compressive strength of the cement stabilized soil samples. Higher strength was obtained from samples that 

had been cured for 14 days compared with 7 days cured samples. Tan et al [11] reported that the properties of 

Singapore marine clays improved by cement mixing. It was observed from experimental results that there is 

increase in strength and stiffness with time for cement stabilized clay. Saiosseiri and Muhunthan [12] have 

reported that there is also considerable improvement in the unconfined compressive strength and modulus of 

elasticity of cement treated soil.  Fang et al [13] have studied the engineering properties of soil cement 

stabilized with deep mixing method by fabricating soil cement columns from construction site of liquefied 

natural gas station. Chew et al [14] have conducted studies on the physicochemical and engineering behavior 

of cement treated clays and they observed that there are changes in the properties and behavior of cement 

treated marine clay due to the interaction of microstructural mechanisms. Miura et al [15] have studied the 

engineering behavior of cement stabilized clay at high water content and they concluded that clay 

water/cement ratio plays a major role in the strength and deformation behavior of cement stabilized clay at 

high water content. 

  

Gypsum (calcium sulphate) is more effective than lime for the treatment of dispersive soils as it increases the 

electrolyte concentration in the soil solution as well as displacing sodium with calcium within the clay 

structure. Gypsum is less commonly used than hydrated lime in dam construction and other works due to its 

lower solubility, and higher cost. Studies show that in construction, a minimum of 2% by mass of gypsum be 

used [5]. 

Alum (aluminium sulphate) has been effectively used to prevent dam failure and protect embankments from 

erosion. Application rates are not well established. Limited data suggests mixtures of 0.6 –1.0% (25% 

solution of aluminium sulphate) to 1.5% of the total dry weight of soil may be appropriate [16].  

Alum is however highly acidic (pH 4-5), and thus alum treated soils will need to be capped with topsoil in 

order to establish vegetation. Soil testing is required to establish appropriate application rates for Tasmanian 
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soils. Long chain polyacrylamides have been shown to increase aggregate stability, reduce dispersion and 

maintain infiltration rates in dispersive. However the effect is highly variable between various 

polyacrylamide products and the chemical and physical properties of the soil. Further advice and laboratory 

testing should be conducted before using polyacrylamides to protect earth dams from piping failure [5]. 

 

6.     CONCLUSIONS  

 dispersive soils erode under small seepage velocity leading to problems of stability of earth and 

earth retaining structures. 

 The dispersion of clays can be characterized by above mentioned special tests.  

 No concurrences exist in identifying dispersivity of soil by all the four tests. It has to be arrived at 

by consensus of test results.  

 The Double Hydrometer test and Chemical analysis of pore water extract test are more conservative 

in showing the dispersion of soil.  

 The pinhole test is more reliable as it simulates field conditions.  

 The crumb test gives a good indication of the soil for potential tendency to erosion. 

 The strength of dispersive  soil increases with increase in lime, alum and gypsum content up to 

certain limit. 
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