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Abstract - One of the tests that used for the characterization 

of soil abrasivity, is LCPC test. LCPC test device is designed 

for measuring the wear particles as small as pebbles (4-6.3 

mm). In this study, three most important abrasive minerals 

were collected for analyzing the effect of the geological 

parameters on the ability of abrasive minerals. Firstly, 

amount of index minerals abrasivity is measured according to 

three standards of AFNOR P18-553, AFNOR P18-579 and 

AFNOR P18-560 that are the preparation of samples for 

testing, procedure of laboratory tests and analysis of grain 

size with laboratory sieves. The effect of geological parameters 

affecting the wear rate of the sample, including five 

parameters of shape, size, angularity and saturation rate of 

the environment, has been studied. The effectiveness of these 

parameters on the abrasivity of samples are studied according 

to NF ISO 5725  relating to usage of statistics, the accuracy of 

test method, the repeatability and the ability to reproduce a 

standard way of testing within laboratory (based on 

classification index X 06-041). 

Keywords - Abrasivity, Geological parameters, LCPC test, 

Grain shape 

I. Introduction 

Numerous methods exist for determining abrasivity of 

hard rock, however very few are established in the field of 

coarse granular materials of sand and gravel size. This is 

due to the fact there is a long tradition of predicting e.g. 

TBM performance rates and tool wear (Thuro 2002, 

Plinninger 2002, Thuro & Plinninger 2003).As it is 

generally agreed, that abrasivity plays a key role in hard 

rock tunnel boring since it directly influence both the cost 

and schedules of the project (Bouchi et al. 1995). Although 

this might not apply to the same extent for coarse granular 

material, such as gravel and sand, soil abrasivity can have a 

significant impact on the performance of shielded TBMs or 

large diameter drill holes in soft ground. Also in soft 

ground , a reliable prognosis of the abrasiveness of the soil 

material would be of great  value for the designer as well as 

the client and contractor in order to calculate the tool costs 

and to  minimize underground risk. This paper contributes 

to the actual discussion of TBM wear prediction in soft 

ground. 

 

 

Using the experience in abrasivity testing of rock, the 

CERCHAR abrasivity test, developed by the Centre 

d’Etudes et des Recherches des Charbonages de France 

(1986) and LCPC abrasivity test introduce by the 

Laboratoire Central des Ponts et Chaussess (Normalisation 

Française P18-579, 1990) were evaluated for rock and soil 

abrasivity testing. Basic results of a comparison between 

the both testing procedures are already given in Buchi et al. 

(1995). Although the-state-of-the-art CERCHAR abrasivity 

test can be used for testing individual components e.g. of a 

gravel sample, the procedure is not feasible for small grains 

or mixed soil samples. Only the LCPC abrasivity test 

allows the testing of mixtures containing different grain 

size and therefore large and representative soil samples. 

The abrasivity testing of rock is controlled by well-known 

parameters (Thuro 2002, Plinninger 2002, Thuro & 

Plinninger 2003), whereas in soils many factors are 

influence the abrasivity such as in-situ soil conditions 

(inhomogeneity, density, porosity), sedimentary petrology 

(mineral composition, roundness) and technical properties 

(uniaxial comprehensive strength and abrasivity of the 

individual grains). To date, there is no ISRM Suggested 

Method nor natation or international standard for rock  and 

soil abrasivity testing. The necessity for a new application-

oriented approach has recently been made clear by Nilsen 

et al. (2006). Currently the NTNU Trondheim is 

developing an own method (Nilsen et al. 2006) based on 

the classic NTNU testing suite (Bruland 1998). Up to now, 

in the NTNU test only the soil fraction of less than 1 mm 

(in the future possibly 2 mm) can be tested, which reduces 

its application to sand. 

II. The LCPC Test 

2.1. General introduction  

The LCPC abrasivity testing device is described in the 

French Standard P18-579 (1990). The “abrasimeter” is 

built of a 750 W strong motor holding a metal impeller 

rotating in cylindrical vessel containing the granular 

sample. The rectangular impeller is a metal plate of the size 

5×25×50 mm and is made of standard steel with a 

Rockwell hardness of B 60-75. The steel impeller has to be 

exchanged after each test. 
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After the French standard (Normalisation Française P18-

579, 1990) 500 g ± 2 g of the air-dried sample of the 

fraction 4-6.3 mm is poured into the cylindrical container 

through the funnel tube. The rectangular metal impeller  

rotates for 5 minutes at a speed 4500 rpm in the cylindrical 

container with the sample material. For abrasivity 

determination the impeller is weighted both before and 

after the LCPC test.  The mass loss of the meta impeller is 

a measure of the sample abrasivity and therefore a material 

property. Through this procedure it is clear, that the 

impeller cannot be used again. Together with the mass loss, 

The metal impeller id deformed depending on the strength 

of the grains  due to the rotating in the container. 

The LCPC abrasivity Coefficient (LAC) is calculated as 

the mass loss of impeller divided by the sample mass 

(500g).The LAC varies between 0 and 2000 (gr/ton) for 

natural rock and soil samples. This range can be divided 

five classes (Table 1) (Thuro & Kasling, 2009). 

Table 1.  

Classification of the LCPC abrasivity  coefficient LAC (Thuro & 

Kasling, 2009). 

  LAC 

(gr/ton) 

Abrasivity 

classification 
Examples 

0-50 Not abrasive Organic material 

50-100 Not  Very abrasive Mudstone, marl 

100-250 Slightly abrasive Slate, limestone 

250-500 abrasive Schist, sandstone 

500-1250 Very abrasive Basalt, quartzitic  

1250-2000 Extremly abrasive Amphibolite, quartzite 

2.2. Sample preparation  

The LCPC testing device is designed for granular 

materials with a size of 4-6.3 mm. Coarser material has to 

be crushed in advance and the describe fraction has to be 

obtained by sieving. As an engineering model can not be 

interpreted quantitatively by a single sample alone and is 

not possible to provide innumerous number of samples for 

the experiments, thus collecting samples with a plan makes 

possible to catch up a practical plan and effect on the final 

results extremely.   

Therefore, the most important point in collecting the 

samples is the selection of the parameters that show the 

highest importance because different samples show 

different level of importance and it would be possible to 

draw a proper model if the samples have been collected 

together. In primary studies for selecting the samples, a lot 

of attention has been paid to following parameters: 

 Providing a basement for understanding the reaction 

of samples in condition 

 Classification of the different samples characteristics 

in conditions with similar behavior 

 The possibility of providing quantitative results from 

the samples studies in different conditions 

 The possibility of making relationship between data in 

order to predict the real condition in drilling with 

EPB-TBM.  

III. Establishment Of A Database 

In this study, 3 samples have been prepared with 

different Moh’s hardness. For each type of test at least 

three samples were prepared to carry out aggregate 

abrasion values tests at the Soil Mechanics Laboratory in 

the Ferdowsi University of Mashad, IRAN. The tests are 

performed according to the AFNOR P18-579 standard. The 

ready samples for testing are demonstrated in Fig. 1. 

3.1. Geological parameters influence 

 Moh’s Hardness: Hardness estimation is actually 

knowing the reaction of a crystal structure to the 

impact stress, without breaking it (Klein and Hurlbut, 

1999)  
In materials with metallic bonding (Impeller) that can 

have plastic flow, stress causes abration. Fracture is the 

reaction of materials with ionic or covalent bonding 

(samples) to the toughness test. Overall resistance of a 

structure is a combination of all of the bonding’s of the 

same structure, though the hardness of that structure is the 

manifestation of the weakest bonding.  
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Fig. 1. Number of samples ready for testing (A: Calsite; MH=3, B: Orthoclase; MH=6, C: Quartz; MH=7) (MH=Moh’s Hardness). 

 Shape: Types of grains used in this study is shown in 

Figure 2. According to Fig. 2 to evaluate the effect of 

grain shape on abrasivity, we used the corresponding 

number of grain size that was the sum of two ratios 

(L/W) and (L/T), showing the ratio of length to width 

and the ratio of length to thickness (equation 1). 

 Angularity: As in Fig. 3  is shown, angularity is a 

parameter that can be studied in big grains. With 

increasing angularity of grains, due to grain locking, 

the abration rate rises. 

 
Fig. 2. The difference in the grain shape; Grain types used in this 

study  

 
Fig. 3. The difference in the grain angularity and sphericity; Grain 

types used in this study (Tucker, 1981). 
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 Water: The main impacts of the water on abration of 

Earth materials can be summarized as follows: 

i. Avoids quick crush of grains because of reducing 

the frictional contact between the grains and the 

impeller. 

ii. Avoids abration and grain crush in contact with 

each other before colliding with impeller. 

 

 

iii. Create adhesion between the not-crushed grains and 

the dust made of worn grains (lumps condensation 

phenomena). 

iv. Regular cleaning of the cutting tool and preventing 

the accumulation of dust on the surface of it. 

 Grain size: to understand the effect of grain size on 

abrasivity, seven different types of grain sizes 

(Effective Size; E.S.) (equation 2) are used. In this 

equation, d10, d30 and d60, respectively, are diameter of 

particles less than 10, 30 and 60%, and dmin and dmax 

respectively, are the minimum and maximum particles 

diameters that are tested. 
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IV. Development Of LAC Predictive Equation 

In this study, in order to perform the statistical analyses 

for predicting the LAC, database that composed of Moh’s 

hardness, water, grain size, mineral shape and  angularity 

and also actual measured LAC in the Laboratory was 

established (Table 2). After the establishment of the 

database, one of the commercial software packages for 

standard statistical analysis (SPSS) was used to perform the 

stepwise and multiple variable regression analysis between 

known parameters to investigate unknowns. 

4.1. Influence of geological parameters on LAC 

In order to obtain the correlations between soil 

parameters (saturation, shape mineral, grain size, type of 

minerals) and actual measured LAC, stepwise statistical 

analyses were carried out and influence of each parameters 

on the LAC were investigated. 
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Table 2.  

Type of samples used in this study 

       Sample 

 

 

Parameter 
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) 0 300 1360 1740 

10 360 1580 1940 

20 400 1740 2080 

30 480 1820 2300 

50 460 1600 2100 

75 380 1500 1900 

100 340 1420 1760 

S
h
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. 

2 320 1400 1760 

3 300 1360 1740 

4 160 1280 1580 

5 120 - 1520 

A
n

g
u
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 V.A. 320 1420 1740 

A. 300 1400 1700 

S.A. 300 1340 1680 

S.R. 280 1320 1620 

R. 200 - 1580 

V.R. 160 - 1500 

E
.S

. 
(m

m
) 

4 180 1200 1580 

4.4 200 1260 1620 

4.8 260 1300 1700 

5.2 300 1380 1760 

5.6 340 1420 1800 

6 400 1460 1860 

6.3 440 1500 1900 

 
Fig.4. relation between measured LAC and the Moh’s hardness 

(samples;dry, Sh.E=2,Very Angular,E.S.=5.2 mm). 

 

In the literature, it is stated that the Moh’s hardness of 

the soil mineral is one of the most crucial parameter for 

LAC estimation (Fig. 4). However, this study show that 

this parameter cannot be enough alone for predicting LAC. 

Likewise, in this particular project, it is investigated that 

the relationship between Moh’s hardness and LAC  were 

also not reliable alone for predicting the soil abrasion.  

The relationship between shape and angularity with the 

LAC was found very weak with a correlation coefficient (r) 

of 0.15 and 0.11 respectively as demonstrated in Figs. 5 

and 6. 

 

Fig. 5. relation between measured LAC and the shape effect. 

 
Fig.6. relation between measured LAC and the angularity 

(1;Very rounded to 6;Very angular) 
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The influence of water on the LAC was investigated 

utilizing the different amounts of water added to the soil. 

The results are shown in  Table 2 and Fig 7. 

 
Fig.7. Relation between measured LAC and the saturation 

The result demonstrated that Saturation and ROP have 

quadratic relationship. As seen from Fig. 7, the maximum 

LAC could be obtained as the saturation ranges from 25 to 

40; however as the water approaches to 0 or 100, the LAC 

increases. Also the relationship between size and the LAC 

demonstrated in Fig. 8. 

 
Fig. 8. Relation between measured LAC and grain size 

4.2. Forward stepwise regression analysis 

In this statistical approach, the five parameters (Moh’s 

hardness, saturation, mineral shape, angularity, grain size) 

were input as dependent variables and the measured LAC 

were chosen as an independent variable.  

Influence of each variable on the LAC was evaluated 

using forward stepwise regression analyses. 

The program was used to generate different models with 

input variables. In the models, the maximum correlation 

coefficient (Ad. R Sq. = 0.939) was obtained in model 5, 

which selected Moh’s hardness, saturation, mineral shape, 

angularity and grain size as input variables (Table 3). It is 

found that each parameter has effect on the LAC in certain 

percentages. The program finds the best fit regression 

between the parameters in a linear combination with a 95% 

confidence level. As a result, new performance predictive 

equation was empirically obtained as a function of 

measured parameters in the model 5, as follows: 

    (
  

   
)                 

    

  
            

   [                             ]              (3) 

Table 3 

Different models with input variables 

Model Summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .942a .887 .887 195.72143 

2 .944b .891 .891 192.47248 

3 .946c .896 .895 188.74334 

4 .967d .935 .934 149.35555 

5 .970e .940 .939 143.17373 

 a.Predictors: (Constant), MH 

 b.Predictors: (Constant), MH, Angularity. 

 c.Predictors: (Constant), MH, Angularity, E.S. 

 d.Predictors: (Constant), MH, Angularity, E.S., Saturation 

 e.Predictors: (Constant), MH, Angularity, E.S., Saturation , Sh.E. 

 f.Dependent Variable: LAC (gr/ton) 

V. Validation Of Generated Models 

The significance of the coefficient of correlation (r-

values) can be determined by theT-test. The test compares 

the computed T-value with a tabulated T-value using the 

null hypothesis. According to this hypothesis, if the 

computed T-value is greater than the tabulated T-value, the 

null hypothesis is rejected that represents R-value is 

significant; otherwise it is not significant. All models have 

different tabulated T-values in the models, since each one 

of them have different number of independent variables. 

However, the best one is model 5 among the models with 

the highest correlation coefficient and a corresponding 

critical T-value is ±2.0423. 

In order to test significance of the regressions, analysis 

of variance (F-test) was conducted. All models have 

different tabulated F-values, since all of them have 

different number of independent variables.  
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According to this rule, as the computed F-value is 

greater than the tabulated F-value, the null hypothesis is 

rejected that means there is a real relationship between 

dependent (actual LAC) and independent variables (Moh’s 

hardness, angularity, shape effect, grain size); so, this 

hypothesis is valid for generated models. The model 5 is 

the best one among the models with a corresponding 

critical F-value is ±2.45 due to highest correlation 

coefficient (Fig. 9). 

 
Fig. 9. Comparison between measured LAC and predict LAC 

VI. Conclusions 

Data from three samples with different Moh’s hardness 

were used to achieve LAC predictive equation as a function 

of geological parameters such as the Moh’s hardness, 

angularity, saturation, shape effect and grain size.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The LAC has been found the highest for the Saturation 

varies from 25 to 40. Subsequently, the highest LAC is 

achieved as ranges from 2 to 3. The shape effect and the 

LAC have a linear relationship, and the LAC increases with 

angularity. The model 5 is the best one among the models 

with a corresponding critical F-value is ±2.45 due to 

highest correlation coefficient (R Sq. = 0.939). 
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