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ABSTRACT- The liquid limit of a soil is a fundamental 

index property that is routinely used in engineering practice 

to predict the behavior of cohesive soils. The Casagrande and 

fall cone test methods are the standard methods used to 

determine liquid limit. However, these methods require 

significant sample preparation, are time-intensive, and     are 

subject to a range of errors dependent on the experimenter’s 

technique and experience. The study presented here 

investigates the feasibility of an alternative method for 

determining the liquid limit of soil. The nature of the 

definition of liquid limit suggests a relationship between 

viscosity, a mechanical fluid property, and the liquid limit. 

Accordingly, this study investigates the relationship between 

liquid limit, determined by Casagrande method, and the 

Marsh Funnel viscosity. The Marsh Funnel viscosity test 

produces an indicator of absolute viscosity by observing the 

time required for a fluid to flow through a calibrated funnel. 

Four different types of soil were prepared at a range of 

successively decreasing moisture contents. The liquid limit 

of the material   was taken as the moisture content at which 

the Marsh Funnel viscosity approached infinity (stopped 

flowing). This value was then compared to the liquid limit 

determined using the Casagrande method in order to make 

preliminary conclusions regarding the suitability of using the 

Marsh Funnel test as an alternative method to determine 

liquid limit. 

KEYWORDS- Marsh funnel, liquid limit,soil, Optimum 

Moisture Content, Shear  strength. 

I. INTRODUCTION 

The liquid limit is one of the index properties of cohesive 

soils which is used extensively by geotechnical engineers[1]. 

It is used for the classification of fine grained soils, as well 

as a correlative parameter in preliminary estimation of many 

physical and engineering properties[2]. There are two 

methods at present to determine liquid limit of soils: 1) 

percussion method and 2) cone penetration method[3]. The 

percussion method (or Casagrande's falling cup method) is 

included in ASTM standards (ASTM Designation D4318) 

and is still used in much of the world[4]. Johnston and 

Strohm (1968), Wroth and Wood (1978), Whyte (1982), Lee 

and Freeman (2007), Kayabali and Tufenkci (2010), and 

Haigh (2012), determined many limitations and 

uncertainties in the Casagrande method[5]. These 

limitations and uncertainties included material, 

dimensions and weight of the cup, soil type, frequency 

of drops, the tendency of the halves to slide together, the 

migration of water in dilatant soils, and operator 

judgment for closure length of the groove[6-7]. In this 

paper a comparative study is conducted on four different 

types of soils, two of them being essentially Kaolinite, 

one Montmorillonite, and one natural soil (possibly 

Illite), by using the Casagrande method along with the 

Marsh Funnel Viscosity method[8-9]. 

II. MATERIALS 

All soil samples, were sieved through #40 mesh prior to 

conducting the conventional and newly proposed 

methods of liquid limit tests[10]. In addition, these soils 

were chosen due to the differences of clay mineralogy 

(Kaolinite, Illite, and Montmorillonite), and their liquid 

limit governing mechanism.   

 

Figure 1: Marsh Funnel 
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Table 1. Physical properties of soil used in the present study 

Soil no    soil type                 LL     

PL 

PI (%) (%

) 

(%) 

1 100% 

K 62 33 

29 0 0 100 

2 20% 

K, 28 18 

10 4

0 

40 20 

3 10% 

B, 61 22 

39 4

5 

45 10 

4 Natural 

Soil 43 20 

23 80.32 6.2 12.9 

III. METHODOLOGY 

The apparatus used in this investigation essentially consisted 

of a commercially available Marsh Funnel (FIG.1) [11]. The 

Marsh Funnel viscosity ASTM D6910, is reported as seconds 

and used as an indicator of the relative consistency of fluids 

ASTM D6910-04 is updated in 2009 to ASTM 

D6910/D6910M and there is no changes in the test procedure 

or the funnel cone size[12]. ASTM D6910/D6910M requires 

that either the values stated in SI units or English units must 

be regarded separately as standard[13]. Because the values 

stated in each system may not be exact equivalents. Therefore 

each system shall be used independently[14]  

 As in the Marsh Funnel test, each soil sample of 1000 grams 

weight (consisting of the - #40 sieve fraction) was put into a 

plastic jar[15]. A sufficient amount of distilled water was 

added and carefully mixed with a spatula until the point 

where the soil mass could be slowly poured out of the jar 

Care was taken that the soil was not so wet as to have free 

water on the surface when standing[16]. The samples were 

allowed to stand in the capped jars for 16 to 24 hours at 

temperature 27o ± 2o C. Table 1 shows the Physical 

properties of soil used in the present study 

IV. RESULTS AND DISCUSSIONS 

The Marsh Funnel Viscosity versus water content, obtained 

in the Marsh Funnel test for four different soil types[17]. The 

Marsh Funnel Viscosity (MFV), of the four different soils 

identified in Table 2, was determined at various water 

contents (w). All water contents exceeded the Casagrande 

liquid limit of the soil[18]. Based on the slope and the curve 

type, the first degree of rational trend-line was assumed to be 

more reliable to determine proposed liquid limit (LLp). The 

data can be fitted quite well (regression coefficient ranges 

from 78% to 98%) by rational function expressed as 

LLp = lim 

                                           MFV→∞    a.MFV+b MFV+c 

Analyzing the results obtained by the Marsh Funnel method 

can be observed that for the tested soil, the liquid limit would 

be higher than that determined by Casagrande method, 

approximately three times [19]. Finally these observations 

indicate that the clay mineral type and its proportion in the 

clay content are responsible for marsh funnel method giving  

a higher value of liquid limit[20]. 

 

IV. CONCLUSIONS  

The March Funnel tool is introduced as an alternative 

tool to determine the Atterberg limits on a more rational 

and quantifiable basis. The empirical equations based on 

the experimental data from four soil samples help 

determine the liquid limit with a degree of accuracy. 

Results from this experimental investigation done on 

four different soils, two of them being essentially 

kaolinite, one possibly illite, and one montmorillonite 

indicate that the liquid limit obtained by Marsh funnel 

are observed to be three times higher than percussion 

method irrespective of the clay mineral type present in 

the soil  In this method both the viscous shear resistance 

and frictional shear resistance seems to work 

simultaneously and depending on the type of clay 

mineral being present in the soil, that particular 

mechanism dominates and becomes the controlling 

mechanism. Seeing the outcomes it can  be suggested 

that the marsh funnel can be used for determining 

consistency limits. 
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