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MATHEMATICAL-PETROGRAPHIC ROCK CHARACTERIZATION  

AS SUPPORT FOR HPGR SIZING 

ABSTRACT 

Experience shows that the microstructure (texture and structure) of rocks and ores have a significant 
effect on the beneficiation process. The knowledge about the precise correlations between microstructure 
and behavior during beneficiation is, however, relatively limited. One important reason is the fact that the 
present state of textural and structural characterization of the ores in most cases allows only for a verbal 
description. A comprehensive correlation of the rock properties with selected system parameters or quality 
properties of the beneficiated products is only possible when the rock and ore properties can be described in 
mathematical terms. 

The ore characteristic values permit an estimation of the ore with respect to crushability, wear, 
liberation and degree of intergrowth. The knowledge of parameter values has substantial influence on the 
optimal mining of a deposit as well as the selection of necessary processing technologies (machines and 
plants). 

This paper introduces studies on the mathematical-petrographic characterization of ores and its 
utilization for HPGR performance. We will evaluate the basic suitability for a defined application and discuss 
the use of the mathematical-petrographic characteristics in HPGR sizing and in predicting the operational 
behavior. 
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INTRODUCTION 

During recent years a worldwide trend towards comminution installations using High Pressure 
Grinding Rolls (HPGR) has begun. This comminution practice was made famous in the 1980s by the research 
work of the German Professor Schönert. The technology has its foundations in the deeper past (Schönert, 
1966). Köppern, as one supplier of HPGR, has worked for almost 120 years on roller presses, starting with 
the formation of coal briquettes between two rollers. Subsequently, other fields of application, e.g. for 
fertilizer compaction, emerged. The first HPGR grinding solutions were used in the cement industry where 
the advantage of energy savings was very welcome on this medium cost product. 

Nevertheless, it was a difficult step to transfer this grinding process to minerals applications due to 
the much higher wear of the material. The first applications started in iron ore concentrate grinding and have 
been established for hard rock with the optimization of the roller surfaces. The preferred roll surface system 
is the stud system, which is commonly being used today. 

HPGR are available in a wide size range. Depending upon the needed plant throughput, grinding 
tests are necessary to predict the operational behavior of the machine for a certain material. With the specific 
throughput and specific energy consumption it is possible to size the HPGR and to budget the CAPEX. The 
most important factor for the comparison to other grinding processes, however, are the OPEX for this 
machine, which is mainly influenced by energy consumption and roller life time. 

This paper explains the basic HPGR sizing in terms of throughput, energy consumption and roller 
wear. Furthermore, studies of the use of mathematical-petrographic ore characteristic to support this 
engineering step are introduced. 



SIZING 

Figure 1 shows a state-of-the art Köppern type HPGR. As every HPGR application has its own 
characteristics regarding throughput, energy and roller lifetime a set of normalized scaling values is used. 
These values are very ore dependent. Therefore, lab scale tests are done at suppliers’ facilities. The sizing 
calculations using such test results are given below: 

 

 
 

Figure 1 – Picture of a state of the art HPGR by KÖPPERN 

Specific Throughput 
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(1) 

Where: ��  [t/h]  - throughput rate 
  D [m]  - roller diameter 
  L [m]  - roller width 
  v [m/s]  - roller circumferential speed 
 

The specific throughput describes the HPGR throughput at a given specific pressing force, feed 
material and type of roller surface. This normalized value gives the throughput of a machine with 1 m roller 
diameter and 1 m roller width at a circumferential speed of 1 m/s. Scale-up factors are then used for sizing 
the machines from lab scale to industrial size. 



Specific Pressing Force 

The specific pressing force (Fsp), in units of kN/m2, is the total pressing force applied to the floating 
roll by the hydraulic system divided by the projected area of the roller. 
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Where: F [kN]  - total pressing (grinding) force 
  D [m]  - roller diameter 
  L [m]  - roller width 
 

Although the installed absolute forces differ significantly for different HPGR sizes the specific 
pressing force stays constant. The pressing process between the HPGR rollers requires about the same FSp 
for lab scale and industrial size units to achieve the desired grinding effect. Therefore, a larger HPGR needs 
higher absolute forces.  

 
Specific Energy Consumption 

The specific energy consumption, in units of kWh/t, is a mass rate normalized value to describe the 
amount of energy transferred to the material.  
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Where: Pt [kW] - total power draw under load 
Pi [kW] - idle power draw (without feed) 

  ��  [t/h] - HPGR total throughput 
 

The specific power consumption is used for sizing the drive system for industrial size machines. It 
is also a parameter for the required energy input into the material to achieve a certain comminution result. 
The specific energy consumption typically correlates well with the specific pressing force. Figure 2 shows 
one example from a test series with granodiorite.  

 

Please note that this paper follows the European usage of comma for fractional values in all 
equations, tables and graphs. 



 
 

Figure 2 – Correlation of specific pressing force and specific energy demand from a test series with 
Granodiorite 

 
Specific Wear Rate 

Although the material is ground between the rollers with high energy efficiency, those grinding 
tools are subjected to wear, which limits their lifetime. For hard rock applications, stud surfaces according 
to Figure 3 are the preferable surface design. Material between the studs protects the base material of the tire 
autogenously while high carbide fractions in the studs make them wear resistant. 

 

 
 

Figure 3 – Stud surface design 

Generally, it can be said that the lifetime ends when the length of the studs is worn. Life times of 
up to 12000 hours are now available with 60 mm stud length but depend totally on the material composition 
of the ground ore. To test the amount of length loss per revolution KÖPPERN mainly uses a direct surface 
measurement of a lab scale HPGR type 22/3-70 given in Figure 4. 



 
 

Figure 4 – HPGR Pilot Plant for Wear Tests and Segment during Wear Measurement 

Prior to wear testing all segments are removed from the rollers and a 3D image of the wear 
surface is produced using highly accurate measuring equipment. The segments are then re-installed in 
the HPGR, the test is carried out and the 3D measurements are repeated. The difference between the 
contour before and after the test becomes the basis for wear assessment.  

A specific wear rate Vwear, in units of nm/rev, is calculated by the formula given below 
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Where: Vwear [nm/rev] - wear rate 
  i []  - index for the actual measurement point 

 n []  - number of measurement points on the surface 
Di,before                  - diameter of the roller at local measurement point before  test 
Di,after                    - diameter of the roller at local measurement point after  test 
R                         -  number of roller revolutions during  test 

 
This specific wear rate has to be scaled up for industrial applications to be a basis for the suppliers’ 

guarantee on the lifetime of the rollers. The speed of the rollers is fixed for a certain throughput. The life- 
time is just a calculation on the remaining stud length after a certain number of rotations. Thereby, the client 
can plan an approximate time schedule for replacing the tires and can budget the operating costs of the HPGR. 

Extensive test work is needed to evaluate the exact values of the above mentioned normalized 
values. This requires time and a significant effort for analyses. Test results depend upon good representative 
samples from the deposit.  During the feasibility stage sample size is usually very limited and ore properties 
are likely to change throughout the life of the deposit. A selection of characterization test work is presented 
in the following chapter. 

MATHEMATICAL-PETROGRAPHIC ROCK CHARACTERIZATION 

Descriptions of texture and structure of the rocks are of great value to geologists as they can be used 
in the interpretation of the rock formations. They are also of importance for most mineral processing 
activities. Microstructural descriptions are traditionally obtained by petrographic analysis including thin 
section analysis. This method has limitations in describing the full 3D rock structure and in drawing 
conclusions and deriving interpretations of the microstructural information. 



The influence of the petrographic rock properties (Figure 5) of raw materials on the processing 
characteristics is a well-established fact (Popov, 2007). However, until now the microstructure of raw 
materials (including ores) is usually still only described qualitatively, whereas the search for systematic 
relations between relevant processing parameters and product characteristics and inherent textural attributes 
requires quantification of the microstructure description of raw materials. 

 
 

Figure 5 – Pareto diagram showing the effect of various influencing parameters on the product particle 
shape in a comminution machine (example: vertical shaft impact mill; various rocks) 

Quantitative Microstructural Analysis (QMA) is a collective term for a large number of methods 
for analyzing the geometry and mechanical properties of microstructural constituents. In many cases the 
objective is to investigate the relationship between the microstructure on the one hand and the properties of 
the rock or its history of origin on the other. Microstructural characteristics are often used for the 
classification of rocks. Methods for microstructural assessment have long been part of rock research, rock 
testing and production monitoring. The widening range of possible applications (petrography, mineralogy, 
metallography, investigation of the structure of building materials, etc.) and the development of theoretical 
principles (stochastic geometry, digital image processing) have led to QMA becoming a separate field of 
science over recent years. 

Basis of the QMA of a rock sample is normally a microscope analysis of thin or polished sections. 
As rock-forming minerals and rock microstructures mostly have a very complex three-dimensional structure, 
the information that can be derived from one-dimensional cut surfaces is often insufficient for spatial 
quantitative characterization of the minerals and microstructures of geological materials. The three-
dimensional reconstruction of minerals and rock microstructures enables a quantitative description of the 
complex spatial structures typical of geological materials. The results of mathematical-petrographic rock 
characterization are the precondition for predicting the relationships between rock characteristics and 
relevant product properties or system characteristics (e.g. wear, energy consumption) with the help of 
mathematical-statistical modelling (e.g. multiple regression and correlation analysis) (Lieberwirth, Popov, 
& Folgner, 2014). 
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Characterization of the rocks 

An analysis of the most common textures and structures of the most important rock types has shown 
that a rock microstructure can be characterized by determination of the volume percentages, the grain size 
distribution, grain shape, roughness, orientation, distribution and space filling (Figure 6). Based on the known 
stereological measurement processes in metallography, QMA as a mathematical-petrographic method for 
quantification of rock microstructures (especially of structural and textural characteristics) was developed at 
the Institute for Mineral Processing Machines of the TU Bergakademie Freiberg. 

 
 

Figure 6 – Characterization of raw materials 

It is based on the analysis of light microscopic photomicrographs of oriented thin sections cut from 
carefully oriented hand specimen collected from exposures in the field. Out of each hand specimen three 
orthogonally orientated thin sections (Figure 7) or polished sections are prepared and investigated using 
stereological methods. 

 
 

Figure 7 – Preparation of thin sections 

The starting point for the quantitative microstructural analysis are the thin sections of individual 
samples (Figure 8). When a thin section is placed on the stage of a standard light microscope, the first 
objective of any examination is usually the identification of the minerals present. A variety of properties 
exhibited by each phase can be studied using the microscope.  
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Figure 8 – Pictures of tree thin sections 

The photomicrographs are analyzed in successive steps utilizing point counting, linear analysis (the 
number of intersections per unit length in different directions) as well as areal analysis (Figure 9).  

 
 

Figure 9 – Stereological methods (a – point counting, b – linear analysis, c – areal analysis) 

The data obtained for each of the three thin sections are used to establish area distribution histograms 
as well as so called “intersection rose diagrams”. The latter represent the distribution of the number of 
intersections per unit length in different directions. On the basis of the 2-dimensional information of the three 
thin or polished sections of one hand specimen it is possible to synthesize a 3-dimensional model by a 
mathematical transformation and approximation. This way, one receives phase related histograms of area 
distributions, number of points and intersection rose diagrams for further mathematical processing of each 
thin section. In this manner, the microstructure of the material is quantified. 

a b c



 
 

Figure 10 – Thin section evaluation methods 

On the basis of the rock analysis and its mathematical formulation, rock characteristics can be 
calculated in the form of characteristic values oriented to terms in geology. For the characterization of the 
rock, characteristic data of the mode (phase, volume percentages of the phases), the phase- and rock-related 
characteristic data of the texture (size, shape, roughness) as well as the structure (orientation, distribution, 
space filling) are used. 

Volume percentages of the phases 

The volume percentage of a mineral group is defined as the quotient of the sum of the volume of 
the individual mineral grains in the sample and the sample volume and can be most easily determined with 
the help of the point counting method (Glagolev, 1934). The percentages of the constituents are generally 
shown in the form of a table (Figure 11). 

 
 

Figure 11 – Mineral composition (e.g. granite from Meissen, Germany) 

Grain size 

The individual micro bodies are polydispersed in the rock microstructure so that the size of the 
micro bodies has to be approximated with a size distribution function. Accordingly, the distribution density 
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of the micro body diameter d of a logarithmic normal distribution function can be described with a median 
d50.3 and a scatter parameter σln (Figure 12). 

 
 

Figure 12 – Grain size of the minerals (e.g. granites) 

Grain shape 

The shape is a geometric particle characteristic, i.e. a characteristic that has to take all three 
dimensions into account (Unland & Folgner, 1997). The shape of a micro body can be regarded 
approximately as an ellipsoid with the main axes a, b and c, where a ≥ b ≥ c. The relationships of the main 
axes to each other describe the form of the micro body (Figure 13). 

 
 

Figure 13 – Different grain shapes, variation of the main axes 
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Roughness 

The roughness can be recorded statistically in thin sections and characterized with indices. The 
roughness KR is defined as the ratio of the difference between the “real” surface area SV(R) and the “ideal” 
surface area SV(I) to the “real” surface area SV(R) of the individual phases (Figure 14). The calculation of the 
“ideal” surface area SV(I) is based on the micro body size distribution with consideration of the micro body 
shape and the phase volume percentage. The “real” surface area SV(R) is calculated from the 3-dimensional 
rose of intersections. The outer shape of the micro bodies largely determines the character of the 
microstructure. 

 
 

Figure 14 – Degree of roughness of the minerals 

Orientation 

The linear analyses have to be done with varying angles (usually by turning the thin section by 
rotating the stage clockwise by 15 degrees with each step). With every new position all the intersections of 
lines with grain boundaries have to be counted. The result contains very valuable information in the form of 
2D-intersection roses (Figure 15) 

 
 

Figure 15 – 2D-intersection roses 
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From three 2D-roses of intersections orthogonal to each other, with an approximation, the 
parameters of a spatial rose of intersections (nis, nlin and nfl) and their orientation angle in the space (α, β and 
γ) are calculated. The spatial rose of intersections 

• of an ideally isometric boundary surface system is a sphere with the diameter nis, 
• of an ideally linear-oriented system is a toroid with the diameter nlin and 
• of an ideally area-oriented system is a double-sphere with the diameter nfl. 
 

A spatial rose of intersections of an oriented microstructure is the superposition of the roses of 
intersection of ideal boundary surface systems (Figure 16). From the parameters of the spatial rose of 
intersections, the orientation degrees (Kis, Klin and Kfl) of a spatial arrangement (percentages of linear- and 
area-oriented as well as non-oriented boundary surfaces) can be derived. 

 
 

Figure 16 – Schematic showing the superposition principle for an oriented microstructure 

Distribution 

Micro bodies of a phase can be evenly distributed in the space, but they can also form clusters in 
which the micro bodies of a phase share boundary surfaces (Figure 17). The degree of clustering C is defined 
as the quotient of the sum of the boundary surfaces between the grains of the same mineral group and the 
total boundary surface of this mineral group. The degree of clustering can be calculated with the help of 
linear analysis. 

Addition of the spatial roses of intersections

+ + =

Addition of elemental boundary surface systems

isotropic linear-oriented areal-oriented linear- and areal-oriented

nis

nlin

nfl

+ + =



 
 

Figure 17 – Distribution of the microbodies 

Space filling 

Rocks are practically never completely compact, i.e. the aggregate space is not completely filled by 
solid constituents, but there are cavities (pores) between them, which normally contain gas (e.g. air) and/or 
aqueous solutions (Figure 18). The space filling degree εVF can vary within wide boundaries for different 
rocks. And the size, distribution and type of pores also show great differences. To assess many properties of 
the rocks, it is necessary to examine the character of the space filling more closely. 

 
 

Figure 18 – Space filling (basalt from a maritime deposit) 

After evaluation of all mineral groups present in the rock, the results of the evaluation were 
summarized in the data sheet “Rock characteristics” (Table 1). 

Table 1 – Data sheet “Rock characteristics” 

Quartz

Feldspar

Rock characteristic features
Phase related features

Granodiorite Granite

Qtz %

Fds %

35 32

41 55

Mica Mc % 24 13

Mean diameter d50,3 mm 0,518 0,437

Degree of clustering C % 16 49

a

α

β
β

α

α

β

β

α

b

Granodiorite Granite

Phases Kind

Volumetric portion

Unit Feldspar Augite Pores NDP

εVF % 15 12 35 38

Feldspar

Augite

Pores

NDP



 
 

QMA permits mathematical derivation of rock characteristics in the form of characteristic values. 
These rock characteristic values are first determined independently and for all applications, and can then be 
interpreted for use with the specific application. The big advantage of this method is that the quantitative 
characteristic values of a rock sample always remain the same, only their application specific interpretation 
changes. 

The test results deliver mathematical-statistical relationships between the rock properties (e.g. grain 
size, grain shape, mineral intergrowth, etc.), selected machine parameters (e.g. stress loading rate) and the 
achievable product parameters (particle size and particle shape distribution). Not only could a weighting of 
the influence of the different rock characteristic values on individual target values be established, 
mathematical statistical relationships between selected target values and the various design and operating 
parameters could be proven as well. 

The rock characteristic values permit an estimation of the rock with respect to crushability, product 
particle shape, wear and necessary energy consumption. They therefore provide a valuable basis for the 
selection and operation of the machines and plants in the natural stone industry and for predicting the 
expected product quality. 

Determination of the Point Load Strength Index of Rock 

The point load test is used as a measurement process for the classification of rock strength (Broch 
& Franklin, 1972); (Brook, 1985). A significant advantage of this process compared to the widely applied 
compressive and tensile strength tests is the limited requirements for preparation of the rock specimen. The 
test can be conducted fast and simple with a portable tester (Figure 19) either at the quarry or in the 
laboratory. 

Kind Unit Quartz Feldspar Mica Σ Microparticles

Content ε  V % 27 70 3 100

d50,3 mm 3,307 1,483 0,780 1,973

σ ln  - 0,828 0,322 0,374 0,465

Grain surface SV mm2/mm3 3,266 3,194 9,748 3,434

E  - 1,053 1,143 1,088 1,125

F  - 1,089 1,050 1,008 1,067

Roughness KR % 15 8 31 11

Klin % 4 10 7 6

Kfl % 4 2 0 1

Kis % 92 88 93 93

Distribution C % 31 68 1 56

Space filling ε  VF %  -  -  - 100
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Figure 19 – Point load tester 

The strength index determined by application of a concentrated load on a rock specimen to rock 
fracture can be used for classification or characterization of the rock. The strength index IS characterizes the 
strength of a rock specimen that breaks under a point force P. The introduction of the equivalent diameter De 
is useful to enable comparison of the test results from irregularly shaped specimen with those of the diametral 
tests (Figure 20). 

 
 

Figure 20 – Specimen in the point-load test with proposed proportional limits 

The measured strength index is largely dependent on the absolute size of the test specimen. This 
effect, which is also observed in all other test processes (e.g. uniaxial compression test) is generally referred 
to as the scale effect in rock mechanics. As the size of the test specimen influences the strength index, the 
strength indices of lumps of rock of varying dimensions must be converted to a "standard rock lump" with a 
standard diameter De = 50 mm. Accordingly, the strength index IS is converted into IS(50). The point-load test 
can be applied to both, irregularly shaped lump specimen and drilled cores. 
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The relationship between the strength index IS(50) and the compressive strength σD has already been 
described as a constant by many researchers (Brook, 1985); (Chau & Wong, 1996). In the ISRM 
recommendations (ISRM, 1985) the ratio σD/IS(50) is given as 20 to 25. 

In addition to the strength index IS(50), which permits conclusions to be drawn regarding the rock 
compressive strength and its fracture or comminution behavior, the variation coefficient σ/0̅ is interesting as 
a measure for the evaluation of the homogeneity of the lumps of rock in respect of their structure and texture 
as well as their mineral composition. 

EXAMPLES 

The following examples show the usage of the above mentioned characterization work for HPGR 
sizing. 

Variability Analysis 

For all test work a representative sample of the ore body is necessary to give a good correlation of 
the machine performance in the later industry application with the test results. For green field applications 
this means statistic drilling and using expensive crushed drill cores. Brown field applications have the 
opportunity to deliver more material at lower excavation costs. Certain ores still have restrictions due to their 
internal values. One example is kimberlite ore where there is a statistical chance that this one test work 
sample contains one diamond. This raises custom problems, which normally can be solved but still restrict 
the amount of test samples.  

A supplier such as KÖPPERN has to trust that the sample is indeed representative as in most cases 
the supplier is not involved in the sampling on site. Therefore, it is necessary to check the variability of the 
ore prior to the test series. Table 2 shows the variability of one sample from Africa in terms of equivalent 
silica content Sä and point load index PLT. Although this sample should be totally homogenous eight 
differing subsamples could be obtained.  

A higher amount of wear test material ensures to average the amount of wear from several test 
samples as they would occur in later field applications. The life time of the rollers can be predicted with more 
accuracy. If, as an example, the subsample six from Table 2 would have been chosen for analysis the 
industrial lifetime prediction would be significantly lower due to the high equivalent silica content in this 
sample. The OPEX costs would increase and could render this project inferior to other grinding methods. 
This is one reason to use a higher sample mass including all subsamples to perform wear tests. Variability 
analyses are therefore an important tool to back up the sizing of the HPGR projects. 

 
Table 2 – Example of the variability of an African ore 

 
 

sample

equivalent 

silica 

content Sä 

[%]

PLT         

IS(50) [MPa]

subsample 1 36,5 1,4 ± 0,7

subsample 2 22,8 5,3 ± 1,6

subsample 3 29,7 3,6 ± 1,1

subsample 4 7,9 3,2 ± 0,8

subsample 5 35,1 4,6 ± 3,3

subsample 6 100,0 2,4 ± 0,4

subsample 7 34,0 5,2 ± 1,4

subsample 8 28,3 2,9 ± 1,7



Specific Wear Rate evaluation 

Several ores were tested using QMA methods as well as lab scale HPGR test series as basis of this 
paper. For the rock testing an equivalent wear index was developed considering the volumetric hardness of 
the minerals component and the material strengths according to the point load test. The HPGR test included 
wear testing with the lab machine according to Figure 4. A comparison of these test results is given in Figure 
21. 

 

 
 

Figure 21 – Comparison of wear index and specific wear rate 

The comparison shows good correlation. The results, however, do not make the standard wear test 
obsolete. A reason is that the equivalent wear index is restricted as it shows the average for all variabilities 
of the client’s ores. As discussed above a smaller sample could lead to the wrong lifetime calculations. 
Nevertheless, this is a very good indication to back up the results of both test methods. 

Also for green field applications the equivalent wear index method can produce a first indication of 
what the wear rate and thereby the OPEX costs will be. This is a big advantage during prefeasibility studies 
where the amount of test material is limited.  

Specific Throughput evaluation 

In addition to the good correlation of the wear test, comparison was also made between various 
combinations of values determined by QMA and the throughput behavior of the machine. Several 
combinations of the parameters from Table 1 did not correlate within an acceptable scattering range. As a 
consequence, the ores were classified versus the main component, which then leads to a higher accuracy. 
Figure 22 shows a comparison of the product from point load test and feed size to the specific throughput 
rate for iron ores. 

The correlation is acceptable but further comparisons have to be made to increase the data base for 
iron ores from the current five cases to a higher basic population. Nevertheless, it could be shown that again 
QMA supports the sizing of HPGRs with a backup value and delivers a second opinion to the standard test 
work. 



 
 

Figure 22 – comparison of PLT and feed size product to specific throughput for iron ores 

Specific Energy evaluation 

It is known from the literature (Kapur, 1988) that the specific energy demand correlates very well 
with the specific throughout rate of HPGR. Figure 23 shows one example for the iron ore data used in the 
above discussion.  

 
 

Figure 23 – comparison specific throughput and specific energy for iron ores 

As a consequence of the good correlation, the comparison of the product from point load test and 
feed size with the specific throughput to the specific energy demand should have a good match as well. 
Figure 24 shows that the regression coefficient drops from 0,72 (Figure 22) to 0,62. The reason for this is 
still unclear but will be the base for further discussions between the Institute for Mineral Processing Machines 
of the TU Bergakademie Freiberg and KÖPPERN 



 
 

Figure 24 – comparison of PLT and feed size product to specific energy demand 

CONCLUSIONS 

Mathematical-petrographic characterization of ores based on QMA has been presented in this paper. 
Also the basis for lab scale test for HPGR sizing has been discussed. The comparison of both methods and 
its utilization for HPGR performance has been addressed in this paper.  

A very good correlation appears to have been achieved for the wear rate test work. Further 
comparisons for other sizing parameters such as specific throughput rate and specific energy consumption 
contain an uncertainty factor for several main components of the ores. The results were split by ore groups 
to decrease the variability. There are, however, still unclear connections between the mathematical-
petrographic characterization and HPGR sizing, which need further research work. Both test methods can be 
used as back-ups for one another and therefore can help to minimize the errors that might occur in HPGR 
sizing test work. 
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