340

GEOME 2

Manuscript received: August 15,2018
Accepted:Novembet 11, 2018

Geologica Macedonica, Vol. 32, No. 2, pp. 139-148 (2018)
IISSN 0352 — 1206

e-ISSN 1857 — 8586

UDC: 624.12/.13:[528.93:004.9(497.7)

Professional paper

THE POINT LOAD TEST, GEOTECHNICAL DATABASE CREATED
FROM INVESTIGATIONS FOR INFRASTRUCTURE PROJECTS
IN THE REPUBLIC OF MACEDONIA - ANISOTROPY ANALYSIS

Simona Trajéeva!, Daniel Velinov?, Zoran Misajleski?, Elena Angelova®, Ivica Andov*

"Master student, Faculty of Civil Engineering, Ss. Cyril and Methodius University in Skopje,
Blvd. Partizanski odredi 24, MK-1000, Skopje, Republic of Macedonia
’Faculty of Civil Engineering, Ss. Cyril and Methodius University in Skopje,
Blvd. Partizanski odredi 24, MK-1000, Skopje, Republic of Macedonia
' Geohydroconsulting Ltd., Skopje, Manapo Str. No.7-2/5, MK-1000, Skopje, Republic of Macedonia
“Civil Engineering Institute “Macedonia”, JCS, Skopje,
Drezdenska Str. No.52, MK-1000, Skopje, Republic of Macedonia
simonatrajcevaa@gmail.com

A bstract: The point load test is one of the most exploited techniques to obtain preliminary information of
the strength of the rocks. The paper deals with statistical analysis of large amount of results from the test, obtained for
the needs of geotechnical investigations on various structures which are part of the European transport corridors VIII
and X in the Republic of Macedonia. Additional number of results have been taken from investigations for other
structures. Most of the analyzed rocks had clearly expressed anisotropy. All results are systemized in a GIS database
and classified according rock type and belonging in specific geotectonic unit. After that, various analytical regressions
with different level of confidence had been established. Effort was made to correlate the values of the point load index
parallel and perpendicular to the anisotropy, as well as the values of the point load with the unit weight & unit weight
with depth of samples. Most important finding is that some of these correlations, mainly related to the anisotropy of
the values of the point load, show high level of correlation and can be suggested for use in preliminary levels of
investigations or during control investigations. The use of such correlations is limited in regard of the rock type and the
geotectonic unit. Confident correlation for the point load vs. unit weight & unit weight vs. depth of samples was not
obtained. Similar analysis is proposed to be done for massive rocks and rocks in frames of specific mineral deposits,
where the authors believe it is possible to obtain stronger correlation coefficients also for the two latter correlations.
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INTRODUCTION

The point load test presents one of the most investigations (with aim to cross check results of

used index tests in the field of rock mechanics. It
serves the purpose of obtaining initial information
on the strength of rock samples at the level on. The
test can be conducted both in the field and in labo-
ratory. It is performed in the initial phases of geo-
technical investigations (when execution of more
exact strength determination tests is not yet
feasible), but also in phases of detailed or control

more advanced tests). The present paper statistically
analyzes large number of point load tests results
obtained from various infrastructure projects in the
Republic of Macedonia. The main aim is to estab-
lish correlations related to anisotropy. In order to
create conditions for such an analysis, it was neces-
sary to create appropriate Database in GIS environ-
ment.

SOME ASPECTS ON THE DEVELOPMENT OF THE POINT LOAD TEST

The various aspects of the point load test have
been investigated by many researchers. In general,
the test for determination of the strength index

(known in literature as the point load test or point
load index test) is relatively simple. For this test
portable equipment can be used and no special
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machining is needed for the sample. It means that
core samples as well as lump samples with irregular
shape can be tested. However the criteria and
corrections for size and shape of the tested samples
should be respected. The index test is based on the
indirect tests for tensile strength. The disadvantages
of those indirect tests are neglected in this case
because the tensile strength is not tested but the
compression strength.

Broch and Franklin (1972) developed the point
load test financed by the Rock Mechanics Project,
Imperial College London, with respect to the pre-
vious works done for this test and including a large
scope of experimental work in order to determine
the influence on various factors. According to these
authors the irregular shape has small influence on
the strength of the sample. However, when conduc-
ting this test, as many lumps as possible should be
tested in order to obtain an accurate mean value.
Also, comparing the mean and median value the
authors recommend a minimum number of 10
samples after which it is thought that a small im-
provement of the results is obtained. In cases when
core samples are tested it can be said that the greater
the length of the sample the less the influence from
that dimension. If the tested samples are short then
the plane of failure will intersect any of the ending
faces. Broch and Franklin (1972) concluded this
after testing a lot of samples from two different
types: sandstone and dolerite and determined a
minimal length of the sample of D =2L. The authors
also recommended correction of the strength index
value for a reference value of diameter equal to
50 mm. Furthermore, they inspected the influence
of water on the strength of the materials and noticed
that even a strong rock material such as granite can
reduce its strength. Therefore, it should be pointed
out in which state the samples were tested in the
presentation of the results for their strength. Also
they thoroughly investigated the anisotropy of the
materials with respect to the strength and suggest
that as many tests should be performed in different
directions of the samples.

Broch (1983) conveyed a research for the ani-
sotropy of the materials. According to the author the
best results are obtained if a core is drilled perpen-
dicular to the bedding or foliation after which
uniaxial compressive test is done and point load
tests on the resulting lumps in various directions.

The point load test on irregular samples was
developed in Russia by Protodyakonov (1960a,
1960b, 1961, 1963). He determined the strength in-
dex by dividing the force of failure by 2/3 power of

the volume of the sample, which is approximation
of the cross sectional area of the irregular sample.
The International Bureau for Rock Mechanics
(1964) introduced Protodyakonov’s procedure as
standard procedure.

In Britain this test was investigated by Hobbs
(1963) with special attention on sedimentary rocks.
His main critic on the procedure by Protodyakonov
was that in the case of samples from laminated rocks
the greater axis is mainly the plane of lamination,
whereas the test requires to be done parallel to the
longest axis and perpendicular to the plane of lami-
nation.

The test on lump samples was also inspected
by the authors Diernat and Duffaut (1966), Duffaut
(1968), Duffaut and Maury (1970). They especially
concentrated on the influence of the size, shape and
the orientation of the sample on the results from
Protodyakonov’s test.

Hiramatsu and Oka (1966) proposed their for-
mulation of the test which minimizes the practical
issues by expressing the strength as ratio of the force
of failure to the square of the distance between the
contact points which can be easily determined and
measured. According to these authors this formula-
tion exactly corresponds to elastic sphere loaded
between two points along a diameter and it is ap-
propriate simplification for irregular samples. Also
this method is pretty useful for testing the rock
weathering because the samples usually have
irregular shape and their machining is not needed,
which is not always possible because of their de-
composition.

Reichmut (1963, 1968) in USA conveyed an
experimental study for the effects of the size and
shape of the samples and his formulation was such
that the empirical curves fit the experimental results.
Then the United States Bureau of Mines used the
diametral test as well as other index tests and
showed that the test with point loading has the best
correlation with the uniaxial compressive strength
(correlation coefficient of 0.947).

Based on all these findings, the test was recom-
mended by the ISRM — International Society of
Rock Mechanics Commission on Testing Methods,
Suggested Method for Determining Point Load
Strength as presented in Franklin (1985), as well as
in the standard by ASTM (ASTM International) —
formerly American Society for Testing and Mate-
rials, D 5731-05 Standard test method for determi-
nation of the point load index of Rock. Annual book
of ASTM standards, vol.04.08 (Current version of
the standard from 1995).
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According to these standards, in current prac-
tice the results of the point load test are obtained as
described in the following section.

The main dimensions that should be recorded
are the distance between the platen contacts D
(mm), the width of the lump sample W (mm) and the
length of the sample L (mm). Also the rupture load
P (N) should be recorded. If the lump does not have
a constant width then a mean value should be used
for the smallest and the largest width. Then the un-
corrected strength index is calculated by Is = P/De?
(MPa) where De for irregular samples is
De =4 WD/r (mm?). If the diameter of the speci-
men is other than 50 mm, then a corrected strength
index is obtained by the following expressions:
Is(50) = F x Is, where F = (De/50)*%. The mean
value is calculated by neglecting the two highest and
the two lowest values of all 10 or more samples
tested. Furthermore, if the sample has bedding or

foliation the Strength Anisotropy Index should be
determined as ratio of the mean Is(50) values per-
pendicular and parallel to the planes of weakness.
Also the recommendations state that usually the ten-
sile strength is 0.8/s(50) and the uniaxial compres-
sive strength is 2025 times greater than the strength
index Is(50), however in some cases it can be also
15-50 times greater. Therefore, the correlations
should be used very carefully.

Nowadays many researchers investigate the
correlations of the point load strength index and
other parameters measured with direct tests for
particular rock types.

The intention of the paper is to present certain
correlations of the point load test results obtained
for specific rock types from different geotectonic
zones in the Republic of Macedonia (mostly on
anisotropic rocks) and suggest if they can be used in
various fields or rock engineering.

BRIEF DESCRIPTION OF SOME OF THE STATISTICAL METHODS USED IN THE RESEARCH

Statistics with its methods is a science of data.
One of the most important tasks of Statistics is to
organize them, with our thinking about them, to
analyze them and give interpretation of obtained
statistical results. In this section will be presented
some of the notations and methods in the Statistics,
which are further used.

Let we have a sample distribution with an
observed values x;,x2, ...,Xx,. The mean of the sample
is defined as

k
1
X = — Xi.
n 3
i=1
If the value x; occurs n; times, the value x;
occurs 712 times, ..., Xk Occurs i times, n = 11 + N2

+...+ ny, then the mean value of the sample is

k

_ 1

x=— Z(nixi)-
i=1

The variance is the sum of the squared devi-
ations divided by one less than the number of
observations:

1 n
s? = — Z(xi—f)z.
i=1

The standard deviation is the square root of the

variance, 1.e. S = \/S_Z

The variance s° and especially its square root,
the standard deviation s, are common measures of
spread about the mean as center. The standard devi-
ation s is zero when there is no spread and gets
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larger as the spread increases. The mean and the
standard deviation are very good descriptions for
the symmetric distributions without outliers (indi-
vidual values that fall outside the overall pattern).

The formal version of the midpoint is the me-
dian. The median M is the midpoint of a distributi-
on, described as a number satisfying that the half of
observations is smaller and the other half are larger
than M. Let n be the number of observations. To
find the median of a distribution the following
should be done: Arrange all observations in order of
size, from the smallest to the largest; If # is odd, the
median M is the center observation in the ordered
list. If n is even, the median M is midway between
the two center observations in the ordered list. It
should be noted that the median can be always loca-
ted in the ordered list of observations by counting
up (n+ 1)/2 observations from the start of the list.

As a remark it can be said that the mean and
the median of a roughly symmetric distribution are
close together. If the distribution is exactly symmet-
ric, the mean and the median are exactly the same.
In a skewed distribution, the mean is usually farther
out in the long tail than is the median.

The description of the spread can be improved
by introducing the spread of the middle half of the
data. The quartiles mark out the middle half. If there
is an ordered list of observations, the first quartile
lies one quarter of the way up the list. The third
quartile lies three quarters of the way up the list. The
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five number summary of a distribution consists of
the smallest observation, the first quartile, the me-
dian, the third quartile and the largest observation,
written in the order from the smallest one to the
largest. This five number summary of a distribution
leads to a new graph, the boxplot. A central box
spans the quartiles O; and O3, a line in the box marks
the median M. Lines extend from the box out to the
smallest and the largest observations.

The interquartile range, denoted with /QR, is
the distance between the first and the third quartiles,
i.e. IOR = Qs — Q. Call an observation a suspected
outlier if it falls more than 1.5 /QR above the third
quartile or below the first quartile.

If it is thought that a variable x may explain or
even cause changes in another variable y, then x is
called an explanatory variable and y a response
variable.

A scatterplot displays the relationship between
two quantitative variables measured on the same
individuals. The correlation » measures the direction
and strength of the linear association between two
quantitative variables x and y.

Suppose that there is a data on variables x and
y for n individuals. The values for the first individu-
al are x; and y1, the values for the second individual
are x; and y», and so on. The means and the standard

deviations of the two variables are X and Sy for the

x values, Yy and sy for the y values. The correlation
r between x and y is

e e e 3).
n—14 s s
i=1 X y
Correlation indicates the direction of a linear
relationship by its sign. If » > 0, there is a positive
association, and if » < 0, there is negative
association. Correlation always satisfies —1 <7 <1
and indicates the strength of a relationship by how
close it is to —1 and 1. Perfect correlation, » = + 1,

occurs only when the points on a scatterplot lie
exactly on a straight line.

Correlation ignores the distinction between
explanatory and response variables. The value of r
is not resistant, so outliers can greatly change the
value of r, but this value is not affected by changes
in the unit of measurement of either variable.

A regression line summarizes the relationship
between two variables, but in a specific sense: one
of the variables helps to explain or predict the other
one. The linear regression line is a straight line that
describes how a response variable y changes as an
explanatory variable x changes. When regression
line is mentioned here, it is meant on the least-squa-
res regression line of y on x, i.e. the line that makes
the sum of the squares of the vertical distances of
the data points from the line as small as possible.

Let we have data on an explanatory variable x
and a response variable y for » individuals and let
we calculate from the given data the means X , y and
the standard deviations sy, sy and their correlation
r. The least-squares regression line is the line § =
a + bx, with slope

b=r—
Sx
and intercept
a=7y— bx.

With this regression line the predicted res-
ponse y for any x is obtained.

In sequel, some useful properties about the
least-squares regression are stated.

The distance between explanatory and res-
ponse variables is essential in regression.

1. There is a close connection between corre-
lation and the slope of the least-squares regression
line. The slope and the correlation always have the
same sign.

2. The least-squares regression line always
passes through the point (X, ¥), on the graph of y
against x.

3. The correlation r describes the strength of a
straight line relationship. This description takes a
specific form: the square of the correlation, 77, is the
fraction of the variation in the values of y that is
explained by the least-squares regression of y on x.
The last one, can be briefly written as

2 _ variation in ¥ as x pulls it along the line

total variaton in observed values of y

From the last one, it is clear that it can always
be found a regression line for any relationship bet-
ween two quantitative variables, but the usefulness
of the line for prediction depends on the strength of
the linear relationship. Hence, 7° is almost as im-
portant as the equation of the regression line.

GIS DATABASE OF THE POINT LOAD TEST DATA

The data which is used in this paper is taken
from the geotechnical laboratory of the Faculty of

Civil Engineering is Skopje. The tested samples
have been part of investigation programs conducted
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for different clients, but mostly in the frames of the
design of various structures along the European
transport corridors X-8 and X-10. The number of
analyzed point load test results is 506, where aniso-
tropic rock samples have been tested in both direc-
tions (perpendicular and parallel to anisotropy).
Since the data was available only in laboratory
sheets, excel sheets or pdf, there was a real need to
organize it in a GIS database. So, within the frame
of the study a large number of geotechnical reports

had to be consulted in order to get familiar with the
spatial position of the investigation works. All
locations of investigation works were translated to
spatial coordinates according to Gauss-Kruger pro-
jection. By means of the GIS system, it also infor-
mation was obtained for the geotectonic unit in
which a certain investigation works belong. This
was later used in establishing of the analytical corre-
lations.

LEGEND

QO PLT Sample Points

Geotectonic Units
CKZ Cukali-Krastazone
SMM Serbo-Macedonian massit
VZ  Vardar zone
PM  Pelagonian Massif
WMZ Western-iacedononian Zone
KZ  Kraisthide zone

Fig 1. Basic Geological Map of the Republic of Macedonia with locations of point load test samples

ESTABLISHED ANALYTICAL CORRELATIONS

The large amount of data means that many
correlations could be established. However, analyz-
ing extensive geotechnical data from vast regions
can lead to overgeneralization, hence to wrong
conclusions about the intensity of correlations. In
order to avoid this, most of the correlations were
prepared at the level of particular geotectonic units
and according to the rock type. Different statistical
values were calculated by means of statistical
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software. Then, numerous regression dependences
from the data were defined, mostly for the values of
the point load test in regard to anisotropy. Due to the
character of the paper, only some of this data is
presented (Figures 2 to 7). Additional correlations
were established between the value of the point load
index and the unit weight, as well as between the
point load value and the depth of tested sample
(Figures 8 to 14).
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Fig 2. Statistics and correlation of point load test results Zs(50) perpendicular (SJs50N) and (SJs50P) parallel to schistosity
for amphibolitic schist from the Kraishtide zone
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Fig 3. Statistics and correlation of point load test results /s(50) perpendicular (SJs50N) and (SJs50P) parallel to schistosity
for albite quartz muscovite schists from the Serbo-Macedonian massif
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Fig 4. Statistics and correlation of point load test results Zs(50) perpendicular (SJs50N) and (SJs50P) parallel to schistosity
for epidote chlorite schists from the Serbo-Macedonian massif
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Fig 5. Statistics and correlation of point load test results Zs(50) perpendicular (SJs50N) and (SJs50P) parallel to bedding
for marlstones from Vardar zone
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Fig 6. Statistics and correlation of point load test results Is(50) perpendicular (SJsS0N) and (SJsSOP) parallel to schistosty
for albite epitode chlorite schists from all geotectonic units
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Fig 7. Statistics and correlation of point load test results Zs(50) perpendicular (SJs50N) and (SJsS0P) parallel to schistosty
for amphibolitic schists from all geotectonic units
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Fig 8. Correlation of point load test results Zs(50) with unit weight for albite epidote chlorite schists
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CONCLUSIONS

Established regression dependences show that
it is possible to find acceptable correlation of the
value of the point load index for anisotropic rock
masses. The strongest square correlation 72 is found
for the albite quartz muscovite schists from the
Serbo-Macedonian massif. However, any value of
r* above 0.7 is considered strong and can be
accepted for prognosis of the dependence para-
meter. In the particular case study this was achie-
ved only at the level of specific geotectonic unit,
while analyzing all available data in one pool gave
less strong correlations (72~0.5). This means that
based on this database it is not possible to establish
regression equations which will be applicable for
the entire territory. Extension of the database might
lead to another conclusion. Therefore, it is sugges-
ted that the obtained regression equations are used

Geologica Macedonica, 32,2, 139-148 (2018)

only in preliminary phase of studies and during
control geotechnical investigations, and only at the
level of specific rock type and geotectonic unit.

Regression dependences between the point
load value and unit weight, as well as unit weight
and depth of sample have a wide range of the 72,
which in some instances are very high and in others
very low. Therefore it was concluded that these two
parameters cannot be correlated with confidence.
Such type of correlations might be possible for
massive rock masses and rock masses in frames of
specific mineral deposits, which can be subject on
another study.

Acknowledgement: The authors of the paper express
gratitude to the Department of Geotechnics, Faculty of Civil
Engineering, Ss. Cyril and Methodius University in Skopje,
for enabling access to the laboratory data.
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Peszume

HNHJAEKC HA TOYKECTA JAKOCT, 'TEOTEXHUYKA BA3A HA ITIOJATOLU CO3JJAAEHA
Ol UCTPAXKYBAIBA 3A UHOPACTPYKTYPHHU OBJEKTH BO PEITYBJIMKA MAKE/IOHNJA,
CO AKLHEHT HA AHAJIM3ATA HA AHU3O0TPOIINJATA
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Konyunu 36opoBu: Omut 3a Toukecta jakocT; GIS 0a3a Ha mofaTONN; CTATHCTHIKY aHAIM3H; KOPEIAINH;

AHAJIMTUYKHA PErpeCrun; OrpaHnvdyBamba

OmuToT 3a OIpeseNTyBame TOYKECTAa JaKOCT € €IeH O
HajKOPHCTEHUTE METOIM 3a JOOMBambe MPeIMMUHAPHN HHPOP-
MaliH 3a jakocTa Ha Kaprnute. Bo TpyZoT ce nmpukaxaHH cTa-
THUCTHYKHM aHAJIW3U Ha rojeM Opoj pe3yiraTd oj OIHTOT, J0-
OueHH 3a TOTPeOUTE Ha TeOTEXHUYKH NCTPaKyBarba Ha Pa3iiny-
HH 00jEKTH KOHM Ce I OJf €BPOIICKUTE TPAHCIIOPTHU KOPHIOPH
VIII un X Bo Penmy6nmka Makenonwuja. JlomomHuTeneH 6poj pe-
3yITaTH ce TIPE3EMEHH O HCTPAaXKyBamba 3a Ipyru o0jexru. ITo-
BEKETO O KapIIUTE KOH CE aHAJIM3UPAHU UMaaT jacHO U3pa3eHa
aam3orponyja. Cute pesynraTu ce cucremarusupanu Bo GIS-
0a3a Ha MOJATOLM U KJIACU(UIIMPAHU CIIOPE] THIIOT Ha Kapra
U IpunarambeTo Ha KOHKPETHA Te0TEKTOHCKa eauHMIa. Boc-
MOCTAaBEHU CE PA3IMYHU AHATUTUYKU PErPECHU CO PA3TUYHO
HHUBO Ha 10BepiuBOCT. HampaBeH e Hamop aa ce moBp3ar Bpea-
HOCTHTE Ha MHJEKCOT HA TOYKECTa jaKOCT IMapajeiHo U HOp-
MaJIHO Ha aHW30TPOIHjaTa, KaKO U BPEIHOCTHTE O] TOUKECTa

JAKOCT CO BOJIyMEHCKaTa Te)KHHA U BOJIYMEHCKATa TEKHUHA CO
JabuHaTa Ha npuMeporuTe. HajBaXHHOT 3aKIydoK € aeka
HEKOH 0]] OBHE KOPEJIAlNH, TIaBHO MOBP3aHH CO aHH30TPOITH-
jaTa Ha BPEJIHOCTHTE HA TOYKECTaTa jaKoCT, IIOKa)KyBaaT BUCO-
KO HUBO Ha MOBP3aHOCT U MOXE JIa CE MPEJI0KAT 33 KOPUCTEH:E
BO NoueTHa (aza Ha UCTPAXKyBara MM 32 BpeMe Ha KOHTPOJIHH
HCTpaXKyBama. YoTpebara Ha BaKBH KOpEJIAIlNH € OTpaHUICHA
O]l acrieKT Ha THUIIOT Ha Kapla M I'eO0TEKTOHCKATa eIHHHIA.
JloBepiBa Kopelanyja 3a TOYKECTa jaKoCT cO BOJTyMEHCKa Te-
JKMHA 1 32 BOJ[YMEHCKA TeXHHA O UlabMHa Ha IPUMEPOIH He
e nobueHa. Ce npennara CiMyHa aHAJIN3a 32 MACUBHU KapIy BO
PAaMKHTE Ha KOHKPETHH JISKHIITA HA MUHEPAIHH CYpPOBHHH, 33
KOja aBTOPHUTE CMETaaT JIeka 0BO3MOXKYBa Jia ce J0OujaT moio0-
PH KOpeNanroH! Koe(ULUEHTH U 3a MOCIESIHUTE J(BE KOpera-
MU
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