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Executive Summary

1. Introduction

Conventional point load (CPL) strength index has long been used as an indicator of

the uniaxial compressive strength of intact rock for nearly three decades.  In 1995, the test has

become the ASTM standard test method (ASTM D5731).  Several investigators have studied the

correlation between the CPL strength index and the compressive strength of various rock types

(Butenuth, 1997; Wijk, 1980; Forster, 1983, Brook, 1977, 1985, 1993; Bieniawski, 1974, 1975) in

an attempt at understanding the true mechanism of failure under point loads and the effects of

specimen sizes and shapes.   The uncertainty of the relationship between CPL index and the

compressive strength remains.  It has been found that the compressive strength of rocks can vary

from 6 to 105 times the CPL index, depending on the rock types (Chau and Wong, 1996; Wei et

al., 1999).  The ASTM standard procedure defines that the compressive strength can be calculated

as 24 times the CPL strength index.  This calculation is purely empirical, and hence often is not

adequate, particularly in term of the reliability, when used in the analysis and design of geological

structures.  In addition the calculation of the CPL strength index does not have any theoretical

support, and does not allow a transition correlation between the CPL index and the compressive

or tensile strengths of the rock.

There is a drawback involving the CPL test configurations.  The curved loading

points (platens) have a certain disadvantage.  The contact loading area can increase as the load

increases (i.e., the spherical head sinking into the specimen surface).  This is due to the

deformation of the rock matrix.  The definition of a singular loading point as used in the principle

is therefore not strictly valid.

The objective of the present research is to develop a new testing technique, called

“modified point load (MPL) test” to obtain a better indicator of the compressive and tensile

strengths of intact rock.  The effort involves laboratory tests and finite element analyses.  A series

of MPL testing, CPL testing, uniaxial compression testing and Brazilian tension testing are

performed on cylindrical specimens with various sizes and shapes.  Saraburi marble has been used

as rock samples.  The finite element analyses determine the stress distribution along the loaded

axis of the MPL test specimens.   Comparison is made between the predictive capability of the

compressive strength by the CPL index and by the MPL results.  Described herein are methods

and results of the investigation.
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2. Methods of Investigation

The research work is divided into seven tasks.

Task 1  Literature Review. Relevant literatures including those in journals,

proceedings, and reports have been reviewed to disclose the state-of-the-art in point loading

testing.  Special effort has been placed at evaluating the advantages and disadvantages of the

testing technique, assessing the validity of the test when correlating with the uniaxial compressive

strength of the rock, and determining the failure mechanism the specimens.

Task 2  Sample Collection and Preparation.   Rock samples have been collected

from the site.  The selection criteria are that the rock should be homogeneous as much as possible,

and that the sample collection should be convenient and repeatable.  Saraburi marble has been

selected as a prime candidate for testing.  Other rock samples used in the verification process

include Saraburi limestone, Khoa Sompoat limestone and Koak Kruat sandstone.  Sample

preparation has been carried out in the laboratory, including coring, cutting and grinding.

Task 3  Theoretical Study.  The theoretical work primarily involves numerical

analyses on the modified point load specimens under various sizes and shapes.  The specific

objectives are to determine the distribution of the stresses along the loaded axis, and to analyze

the failure mechanism of the specimens.  The simulation results have implied the solution that can

be used to correlate the MPL index with the uniaxial compressive strength and tensile strength of

the rock specimens.

Task 4  Laboratory Experiments.  The laboratory testing includes a series of the

conventional point load index tests, uniaxial compressive strength tests, triaxial compressive

strength test, Brazilian tensile strength tests, and modified point load tests.  The conventional tests

yield data basis for use in the comparison.  Saraburi marble has been used as main rock

specimens.  Other rock types have been used to evaluate the predictive capability of the theory (or

equation) developed in task 3.  All tests have been conducted on a variety of specimen sizes and

shapes.  Size and shape effects on the strength results have been assessed.

Task 5  Analysis.  The analytical and/or empirical solutions have been developed to

correlate the point load results with the uniaxial compressive strength and tensile strength of the

rock specimens.  The predictability and discrepancy have been identified.

Task 6  Applications.  The testing procedure and calculation methods have been

developed for the proposed modified point load test.  The document is written for an ease of the

user.  The testing process has been demonstrated to the funding organizations.
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Task 7  Report Preparation.  All aspects of the research project have been

documented and incorporated into the final report.  The report is submitted to the Thailand

Research Fund at the end of the project.

3. Laboratory Testing

3.1 Modified Point Load Tests

The test configurations for the proposed MPL testing are similar to those of the

conventional point load test, except that the loading points are cut flat to have a circular cross-

sectional area instead of using a half-spherical shape.  Several sizes of the loading point (platen)

have been built in this research, i.e., loading diameters varying from 5, 10, 15, 20, 25, to 30 mm.

Figure 1 compares the conventional loading point with the modified loading points having the

diameters of 5 and 10 mm.  The primary objective of having a flat loading surface is to ensure

that the contact area between the steel platen and the rock surface remains constant as the load

increases.  The new loading and boundary conditions also allow a continuous transition between

the uniaxial compressive strength test and the MPL results.

Saraburi marble has been selected for use as rock specimens due to its uniform

texture and availability.  For this early stage of development, the MPL specimens are taken as a

circular disk.  Figure 2 shows the loading and boundary conditions of the specimens.  The

specimen thickness (t) is varied from 5 mm to 40 mm.  The specimen diameter (D) varies from 20

mm to 100 mm.  Some of the prepared specimens are shown in Figure 3.  The load is applied

along the specimen axis, and is increased until the failure occurs.  Figure 4 shows the arrangement

for the MPL test.  Digital displacement gauges with a precision up to 0.001 mm are used to

monitor the deformation of the rock between the loading points as the load increases.  Cyclic

loading is performed on some specimens in an attempt at separating the elastic with the plastic

deformation.  This is primarily to detect the development of compressive failure (initiation of

micro-cracks) underneath the loading points, as well as the corresponding applied stress.  The

failure stress (P) is calculated by dividing the failure load by the contact area.  Post-failure

characteristics are observed and recorded.

Figures 5 and 6 show two sets of MPL results by plotting the failure stresses P as a

function of specimen diameter and thickness, respectively.  To isolate the effect of the loading

diameter, the specimen diameter and thickness are normalized by the diameter of loading point

(d), as shown in the figures.  The stress P increases exponentially as D/d increases, which can be
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expressed by a power equation.  The stress P tends to increase with the ratio t/d.  The

mathematical relationship between P and t/d remains uncertain.  Post-tested observations on the

specimens also suggest that shear failure is predominant when the specimen thickness is less than

twice the loading diameter while extension failure is predominant when the specimens are thicker

than three times the loading diameter.  This implies that the MPL strength should be correlated

with the compressive strength when the MPL specimens are relatively thin, and should be an

indicator of the tensile strength when the specimens are significantly larger than the diameter of

the loading points.  Analysis and applications of the MPL test results will be discussed in section 4.

3.2 Uniaxial Compression Tests.

A series of uniaxial compressive strength tests have been conducted on Saraburi

marble.  The objective is to develop a data basis to compare with the  MPL  results via a new

governing equation.   The sample preparation and test procedure follow the applicable ASTM

standard ASTM D2938 and ISRM suggested method (Brown, 1981), as much as practical.  A

total of 280 specimens have been tested under various sizes and shapes.  The specimen diameters

vary from 22.5, 38.5, 54.0, to 67.4 mm.  The length-to-diameter ratio (L/D) varies from 0.25,

0.50, 0.75, 1.0, 1.5, 2.0, to 2.5.  All specimens are loaded to failure under a constant loading rate.

Post-failure characteristics are observed.

Figure 7 plots the compressive strength as a function of L/D ratio.  The results

clearly show the end effects of the specimen on the strength values.  The strength decreases as the

L/D increases.  The strength results have not shown the effect of the specimen size.  This is

probably due to the fact that the size effect pronounces more in tensile failure than does in

compressive shear failure.  Short specimens (L/D lower than two) tend to fail under the

compressive shear failure mode.  Extension failure dominates when the L/D ratios are larger than

two.  In general this finding agrees reasonably well with similar experiments obtained elsewhere

(Fuenkajorn and Daemen, 1991, 1992; Ghosh et al., 1995).

3.3 Brazilian Tension Tests

To determine the relationship between the MPL strength and the tensile strength, a

series of Brazilian (indirect) tension tests have been performed on the Saraburi marble.  The

sample preparation and test procedure   have   followed   the   applicable    ASTM standards

(ASTM 3967), as much as practical.  Forty specimens have been tested.  They have a constant
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L/D ratio = 0.5, while the specimen diameters vary from 22.5, 38.5, 54.0, to 67.4 mm.  The tensile

strength tends to decrease as the specimen size increases, and can be expressed by a power

equation (Figure 8).  This finding agrees with those obtained from similar experiment

(Fuenkajorn and Daemen, 1986).

3.4  Conventional Point Load Tests

The conventional point load (CPL) testing is performed on Saraburi marble to obtain

a base line information.  The results will be compared in term of the predictive capability with

that of the MPL test.  The test procedure follows the applicable ASTM standard (ASTM D5731).

The specimen diameter is maintained constant at 67.4 mm.  The thickness varies from 5.0 to 40.0

mm.  A total of 70 specimens have been tested.  The CPL strength index is calculated by dividing

the failure load by the specimen thickness and diameter.  It seems to be independent of the

specimen dimensions.  The point load strength index is averaged as 4.5 MPa.

4. Finite Element Analyses

A series of finite element analyses have been carried out to compute the stress

distribution along the loaded axis of MPL specimens as affected by the specimen diameter and

thickness.  The results will be used to correlate with the compressive and tensile strengths

obtained from the standard test methods.    Due to the two symmetry planes, only one-fourth of

the specimen has been modeled (Figure 2).  The analysis is made in axisymmetric, assuming that

the material is linearly elastic.  A finite element code GEO (Serata and Fuenkajorn, 1992;

Fuenkajorn and Serata, 1993) is used in the simulations.  For all models the elastic parameters of

the marble are maintained constant.  They are obtained from the uniaxial compression test.  The

elastic modulus is defined as 6.75 GPa, and the Poisson’s ratio as 0.25.  The specimen diameter

(D) and thickness (t) have been varied within the range used in the laboratory experiment, and

subsequently their effects on the stress distribution can be assessed.  To isolate the impact from

the size of loading point, D and t are normalized by the loading diameter (d).

Figure 9 plots the minimum principal stresses (�2) along the loaded axis for MPL

specimen models with a constant D/d ratio but t/d ratio varying from 1 to 20.  These stresses are

normal to the loaded axis.  It is clearly shown that the largest tensile stress is developed near the

loading area.  This point should also be the point where the extension failure initiates.  Similar

findings have been reported by Wei et al. (1999) for the CPL test specimens.  For the t/d is equal
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or larger than two the magnitude of the largest tensile stress decreases as increasing the t/d ratio.

For t/d equals one (very thin specimens), the largest tensile stress decreases.  For this case most of

the stresses induced along the loaded axis are in compression.  This indicates that thin specimens

tend to fail under compressive shear failure while thick specimens fail under extension failure.

This also agrees with the post-failure observations on the MPL specimens.

The results obtained from two series of computer simulations are shown in Figures

10 and 11.  The applied stress (P) is normalized by the largest values of the tensile stress (�2), and

are plotted as a function of t/d and D/d.  The stress ratio P/�2 increases logarithmically with t/d

and with D/d.  These curves can be used to correlate the MPL results with the uniaxial

compressive strength and tensile strength of the rock.

5. Comparisons of the Strength Results

The predictive capability of the CPL and MPL test results can be assessed.  The

results are used to determine the uniaxial compressive strength of the marble.  The actual

compressive strength of the marble specimen for L/D ratio = 2.5 (satisfy both ASTM and ISRM)

can be calculated from Figure 7 as 46.8 MPa.

Using the ASTM recommended calculation, the CPL strength index determines the

uniaxial compressive strength of marble as 108 MPa (24 x 4.5 MPa).

Extrapolation of the MPL test result shown in Figure 5 for the failure stress at D/d =

1.0 (uniaxial test condition) yields the uniaxial compressive strength of the marble as 63 MPa.

This value can be compared with the uniaxial compressive strength at L/D = 2.5. The actual

compressive strength at L/D = 2.5 is 46.8 MPa (calculated from Figure 7).

It can be clearly seen that the CPL test overestimates the actual strength by a factor

of 2.3 (or 108/46.8).  The MPL test overestimates the actual strength by a factor of 1.4 (or

63/46.8).  Since the MPL prediction is based on the actual distribution of the strength data, it is

more reliable.  The discrepancy is probably due to the non-uniformity of the mechanical response

among the marble specimens.

The CPL strength index can not determine the tensile strength of the marble.  The

MPL results can determine the rock tensile strength by using the relationship given in Figure 11.

At D/d = s the stress ratio -P/�2 = 52.  The t/d = 20 is selected because under this dimension ratio

the rock fails in tension mode.  Extrapolation of the logarithmic curve in Figure 6 gives the value

of P from the experiment equals to 570 MPa.  The �2 value is calculated as 11 MPa.  This is the
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largest tensile stress induced in the specimen at failure, and hence represents the tensile strength

of the marble.  The tensile strength predicted from MPL test can not be compared with the

Brazilian tensile strength because their loading configurations are different.

Intrinsic variability or the mechanical non-uniformity among the marble specimens

poses some difficulties, particularly in the correlation process.  The standard deviations from

various tests are relatively high, e.g. 10–20%.  Even though the rock appears to be uniform and

homogeneous, the variability might be caused by the relatively large grain (crystal) sizes of the

marble, as compared with the loading areas.  This could cause the discrepancy between the

prediction and the actual strength results.

Verification of the proposed method has been made by performing additional tests

on different rock types.  In the verification process, the MPL, CPL, UCS and Brazilian tests have

been carried out on Saraburi limestone, Khoa Somphot limestone and Koak Kruat sandstone.

Comparison of the strength results is given in Table 1.  For the uniaxial compressive strength

results, it is clearly seen that the MPL method yields a better prediction of the UCS strength than

does the CPL method.  The table also compares the tensile strengths obtained from the MPL

prediction with those from the Brazilian tension test.  Notable discrepancies can be seen.  This is

due to the fact that the tensile stress gradient induced along the incipient crack for the MPL

specimen is significantly higher than that for the Brazilian specimen.  The effect of the stress

gradient on the strength has long been known for the tensile strength test techniques (Jaeger and

Cook, 1979).

Table 1 Comparison of the strength result.

Compressive Strength (MPa) Tensile Strength (MPa)

Rock Type Uniaxial
Compressive
Strength,��C

Standard
deviation

CPL
prediction

MPL
prediction

Brazilian
tensile

strength, �B

MPL
prediction

Saraburi Marble 46.8 17.96 108.0 63.0 4.0 11.0

Saraburi Limestone 47.5 15.16 76.8 30.9 7.4 17.9

Khao Somphot
Limestone

43.2 22.30 124.8 48.4 7.8 8.9

Krok Kruat Sanstone 21.8 6.84 23.5 10.1 1.5 1.3
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6.  Summary and Conclusions

The objective of the present research is to develop a new testing technique, called

“modified point load (MPL) test” to obtain a better indicator of the compressive and tensile

strengths of intact rock.  The effort involves laboratory tests and finite element analyses.  A series

of MPL testing, CPL testing, uniaxial compression testing and Brazilian tension testing are

performed on cylindrical specimens with various sizes and shapes.  Saraburi marble has been used

as rock samples.  The finite element analyses determine the stress distribution along the loaded

axis of the MPL test specimens.   Comparison is made between the predictive capability of the

compressive strength by the CPL index and by the MPL results.

The uniaxial test results indicate that the strengths decrease with increasing length-

to-diameter ratio.  A power law can be used to describe their relationship.  The effect of specimen

size on the uniaxial compressive strength is obscured by the intrinsic variability of the marble.

The Brazilian tensile strengths also decrease as the specimen diameters increase.  The results from

MPL test agree well with those from the finite element analyses.  This confirms that the

logarithmic relations of stress and specimen shape derived by a series of numerical analyses can

be used to correlate the MPL strength with the uniaxial compressive strength of the intact rock.

Post-tested observations on the specimens also suggest that shear failure is predominant when the

specimen thickness is less than twice the loading diameter while extension failure (fracture) is

predominant when the specimens are thicker than three times the loading diameter.  This can be

postulated that the MPL strength can be correlated with the compressive strength when the MPL

specimens are relatively thin, and should be an indicator of the tensile strength when the

specimens are significantly larger than the diameter of the loading points.  The MPL results

correlate with the uniaxial compressive strength of the rock better than does the CPL strength index.

The investment cost for the MPL testing is significantly lower than that of the

conventional UCS testing.  This is because the expensive machines used in the sample preparation

and testing become unnecessary, particularly when the MPL test is performed on the irregular

shaped specimens.  The investment cost for the UCS testing can be as high as 2.4 million bahts

while the MPL testing needs only the point load testing machine which may cost as less as

190,000 bahts.  The MPL testing uses human power to operate the point load tester, and therefore

does not need electric power during the test.  The electric power consumed by the complete

process of UCS testing (coring, cutting, grinding and testing) is normally about 800 watts per

tested sample.
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In the long run, considering the investment cost and operating cost, the UCS testing

yields a unit cost of about 800 bahts per sample.  The MPL testing yields a unit cost of about 400

bahts per sample (for testing disk specimens) and about 50 bahts per sample (for testing irregular

shaped specimens).
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Figure 1 Conventional and modified loading points.

t

d

P

CL

P

D

y

x

CL

CL

P

P

x

y

t/2

t

d

D/2

Model

Figure 2  Configurations of modified point load testing.



	

Figure 3  Some marble specimens prepared for Testing.

Figure 4  Test arrangement for MPL testing.



/

Figure 5 MPL test results for various t/d ratios.
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Modified Point Load Strength of Saraburi Marble
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Figure 6 MPL test results for D/d = 6.74.
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Uniaxial Compressive Strength of Saraburi Marble
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Figure 7 Uniaxial compressive strength of Suraburi marble.
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Figure 8 Brazilian tensile strength of Suraburi marble.
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Figure 10  Normalized failure stress as a function of  D/d, obtained from numerical analysis.
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Figure 11  Normalized failure stress as a function of t/d, obtained from numerical analysis.
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Abstract

A modified point load (MPL) testing technique is proposed to correlate the results

with the uniaxial compressive strength and tensile strength of intact rock.  The primary objective

is to develop an inexpensive, quick and reliable rock testing method for use in the field and in the

laboratory.  The MPL test apparatus is similar to that of the conventional point load (CPL), except

that the loading points are cut flat to have a circular cross-sectional area instead of using a half-

spherical shape.  Diameters of the MPL loading point vary from 5, 10, 15, 20, 25, to 30 mm.  This

results in a new loading and boundary conditions on the rock specimens that mathematically

allow correlating its results with those of the standard testing.  To derive a new solution, finite

element analyses and laboratory experiments have been carried out.  The simulation results

suggest that the applied stress required to fail the MPL specimen increases logarithmically as the

specimen thickness or diameter increases.  The maximum tensile stress occurs directly below the

loading area with a distance approximately equal to the loading diameter.  The MPL tests, CPL

tests, uniaxial compressive strength tests, and Brazilian tensile strength tests have been performed

on Saraburi marble under a variety of diameters and thickness (or length).  Over 400 specimens

have been prepared and tested.  The uniaxial test results indicate that the strengths decrease with

increasing length-to-diameter ratio.  For the MPL testing the shear failure is predominant when

the specimen thickness is less than twice the loading diameter while extension failure is

predominant when the specimens are thicker than three times the loading diameter.  This can be

postulated that the MPL strength can be correlated with the compressive strength when the MPL

specimens are relatively thin, and should be an indicator of the tensile strength when the

specimens are significantly larger than the diameter of the loading points.  Predictive capability of

the MPL and CPL techniques has been assessed and compared.  Extrapolation of the test results

suggests that the MPL results predict the uniaxial compressive strength of the marble and

limestone specimens better than does the CPL testing.  The tensile strength predicted by the MPL

also agrees reasonably well with the Brazilian tensile strength of the rocks.
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	��	 !�0	�

(Index) 	�� �C
��
��������+	����
0�
	������%//�!�*!���
%$&����
��9	
� 8��
�����8!��/

%//�!��8�9
0�
	�W��#/�	 *!����	����	�������
8�9+�����&�C�	�����	���8�
��&/�� %$����
��8�9���


8!$�
�?A9�8!��/�#B��/���8�9�����'�?�9����� 8��
�������	%�
�!%$&�������	%�
!C
��
�
!���	�	

�� ���8��
���A9�
�A�8�9
0�
	���8!��/�#B��/�����$��	�� ���	�!
�'����%$&��������+��$A9�	����

��
0�
	L���	���!� ?$�

�	 DC9
���	
�'�����
	�����
	�����	�0A���?$�
 %�

�	 %$&��$� 8�9�&

���

0�
	����#!���&��	���8�
��&/�� %$���	��
����
���
8!$�
 %$&8!��/��	
	���


8!$�
�?A9�
���!����8�9���
��������	��	 ���	
�'��&��&��B 60-70 ����,�D�	�, ��
���
0�����8��


��!8�9���9����/�#B��/�����
��	

/��;�8
�'� E %$&�+�	�����
	���
��&�8: �0�	 ����<������� %$&�#*�� ���!�
��

���������'��A�����?�����8�9�&?�@	����8!��/%//�#!�!	��
������&*�0	,����C�	 ��A�
����

�����&�#��,
0�����C�	 ���#�$�	A9�
���������
0�����
	����������#B��/�����
��	%//!��
�!��

(Conventional Methods) 8�9�$�����	��	 +C
%���&��������
 %��8�
/��;�8%$&�+�/�	��$��	��	��

�����+�����!� �?��&��:���L�?8�
�:�;<�����
 /��;�8��$��	���C
������#!��&�
�,8�9�&$!���
0�����

%$&$!?$�

�	8�9���9�����

	���������$��	������
���
��


!������#�$!�
�$������
��		�� �C
�����#�$��	�����8�9�&���/��#
��A����/��$�9�	���

%//��
���8!��/%//�#!�! �?A9�
���!��$$�?-,8�9	���0A9�+A�����C�	 %$&�����+	�������?�	-,

��/�#B��/����A9	 E �!�%��	�������C�	

1.2 ��"I���$����

���+#��&�
�,��
*��
���	�� �A� �?A9��&��	����-����8!��/��	��
/��;�88�9��C�;�

%$&������
��������+�������!��  �?A9�
0�
	�����!�#B��/���8�
!��	�$:����,��
��	 DC9
�&�����

+C
�������	%�
�! (Compressive Strength)  %$&�������	%�
!C
 (Tensile Strength) �#B��/���

��$��	���&	����
0��?A9����������%$&���%//8�
!��	��:�����-�B�8�9���9�����
 �0�	 �������


��A9�	 �#*�
�, ��!+		 ���<�	��
�������A��&?�	
�'� E ���A�
/	!�	%$&
��!�	  ��-�8!��/


���	���&�����
	8�9	��������	 “���8!��/�#!�!%//���/��$�9�	” (Modified Point Load Testing)

DC9
�&��8H;I�
��������	�
�,��&��/  �?A9�
0�
	����-�/���$$�?-,8�9�!�������8!��/

�#!��&�
�,�_?�& (Specific Objectives) ��
*��
���	���&��&��/!��� 1) ��	��

�������?�	-,
	�0�
�"�/����&����
���8!��/%//�#!�!  (Point Load)  %//���/��$�9�	 ��/����

���	8�	%�
�! �������	%�
!C
 %$&�����A!��#�	 2) ��	���������?�	-,
	�0�
����$��&����
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�	�!��
��	�������
8�9��?A�	L��
���#!�!��/���%?����&�����
�������	 %$&�����A!��#�	��


��	�������
 %$& 3) ����
8H;I�
��� (�����
���) �?A9��0A9������&����
�������?�	-,8��
��!

1.3 ����	�&������	
��

*��
��������	����%	���!��� ���8!��/�#!�!%//!��
�!�� Conventional Point Load

Testing ��A� CPL 8�98��
	L���	���!�����&�����!�!%�$
���A9�
�A�%$&:C�;��?�9�����8�
!��	

8H;I��?A9�	���$8�9�!������?�	-,��/�#B��/�����
��	8�
!��	�������	%�
�! %$&�������	%�


!C

������&��%$&+�����
����8�9���	���� %$&�����&����	C9
�?A9����������
������9	
�*!���

8H;I����	�/�	#	�������?�	-,��$��	�� %8	8�9�&
0��������?�	-,8�
!��	 Empirical DC9
�!����

���8!$�
����
�!���8�98����	����
	�!�� �	A9�
������8!��/	��������+�� %$&�����+	�����"�/���


	L���	���!�����
��!���� %$&8��
��/��;�88�9��C�;�%$&/��;�8�����������+$!��	8#	 %$&$!

���
0�?$�

�	
	���8!��/�#B��/�����
��	8�9���9�����
��/������%//%$&���������&�,�!�

���������C
��	�8�9�&?�@	�8H;I�
����?A9�
���!���DC9
�#B��/�����
��	8�9+�����
%$&

��/+��	 *!����8!$�
!�����-� Modified Point Load Testing (MPL) *!��!������!�!%�$
������


��
�	����!��
���
��%�
�! (Loading Platen) ���?�@	��?A9�
���!�8H;I�
���	���&+��	����

��&�#��,
0�
	����-�/���$����
�����$�9�	���%$&���%����
��	 %$&
	8�9�#!���?A9����	�B��

��� Compressive Shear Strength, Tensile Strength %$&����&�����+C
 Elastic Modulus ����$

���8!$�
 *!�
0���-� Modified Point Load Testing DC9
�����+8��
	L���	���!��0�	��	

������/��$�9�	����!�������	*��
���	�����!����/ �&8��
�����?�@	�8H;I�8�9	����


0�
����C�	%$&%��	�������C�	 �$����A� ?A�	8�9�������&����
�����	%$&����!%//!��
�!�� (%//*��


�	) �&����
8�9��A9�%�
�!��
�C�	����!�&��$
��
	�	A����	8��
��?A�	8�9����������C�	 �	�!%$&

�����	%����
?A�	8�9���������&�C�	��/����%��
%$&�������	��
�	A����	�������
	��	!��� +����	

���	���?A�	8�9���������&������C�	 ���	��	 $��;B&�0�		���&��!%��
��/8H;I�����8�9	����
0� �?��&���


	���	��
8H;I��&+����������?A�	8�9�������&���	�?��
�#!�$�� E �8��	��	 (Point Load) !�
	��	 
	

�$�����%$��8H;I�����	����/���8!��/%//�!���C
������	����!�����
��/��B,

������/��$�9�	����!
�����	�����!8�9���	����!���	�
�$�%$&��?A�	8�9������8�9%	�	�	

%$&�
8�9�$�!��$� ��������	�&������%��
��A����	�8��
!  ��A����L��
��%�
�!�8��
!�C
���	��9
8�9

����&�� ���	��8H;I�8�9���9�����
����&�#��,
0�
	��B�	�����&������+�����
%$&%��	�������C�	

8�
!��	�����&���!?$�

�	 �&���	�!�������8��������/��$�9�	��A�!�!%�$
�	��

��!��
%8�	�! �?A9�
������&����/8H;I�
���8�9���
�C�	 %$&�?A9�	����
0��!�
	L���	��	��	

�����+��&���!?$�

�	8�9���!�C�	������8!��/%$&����	��
��	�������
 DC9
�����&���!?$�



�		���&����8��

	�����
?$�

�	�VV�� ?$�

�		�����	�0A���?$�
 ��$� %$&���+C
���
0��������
 E
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!��� 	�����	�� ���%���W'��*!���-�	����
���	���%���W'��?A�	<�	�$��8�98#��	���
�	%$&/��;�88�9

8��
�	8�
!��	L���	����$��	����&�/���A�	��	 !�
	��	���%���W'����������	�!�
�$������
��	

	�� �C
�����+�����$�����/��;�8�A9	�!� 8��
/��;�8
	��A�
�8�%$&���
��&�8:8�9���W'��
	$��;B&

�!�����		��������	!��� �C
����$����!�������%���W'��	�������+%���W'���!�8��

	�&!�/0��� %$&
	

�&!�/	�	�0���

1.4 �	-0���� ���	����

���������&%/�
���	 7 ���	��	  ���$&����!��
%��$&���	��	�!�%�!
!�
�����	��

��������	
 1 : ��
������������������������	
��	
��������������������
����
���� GMT

������  ���
�	  %$&��9
��?��?,8�9���9����/���8!��/%//�#!�! %$&�$�����%��

��
��	�&	����:C�;�%$&��	�������#��?A9�8�9�&�!������� ��������8�
!��		���!��A/�	�����8��
!  %$&

�$��

�	�������$��	���&����&*�0	,����
�����
�	�����8�9	������	�  0A9���
��9
��?��?,��$��	���&	��

��%�!
*!�$&����!
	���
�	���	�#!8��� DC9
�&����	
	�����
 Bibliography ��
���8!��/

%//�#!�! %$&��

�	�����8�9���9�����
��/���8!��/�#B��/����0�
�$:����,��
��	
	���


�"�/������


	���	��		����������%$&����"�/�������&:C�;�%$&������/�/�	���8��
��!��


/��;�8 GMT 8�9���9�����
��/���8!��/��	 8��
	�������+C
���������/���A9�
�A�
	���
�"�/���

���%$&
	L���	����
/��;�8 �?A9�:C�;�:���L�?��
���!�!%�$
%$&���/��#

�����	������$

$�?-,��

�	�����	�� +��
	�B&:C�;�/��;�8 GMT ��*��
���8�9���9�����
 ��������%$&����"�/���������&

8�����������/%$&��!����/�	���	��	 E �?A9�
0����	��B�:C�;� %$&
	8�9�#!�?A9�
0����	*��


��������/�8��/������8!��/�#B��/�����
��	*!���-�
����&�����+$!���
0�����%$&$!?$�

�	

�!����	����?��

!

��������	
 2 : ��
������������
	��!�������"��

��	�������
�	C9
0	�!�&+���$A����%$&+����!�$A�� *!���:���$�����8�9?�����
����

�������	�	A���!�����	���8�9�#! (Homogeneous) %$&�&+��	�������&%$&��!
	���
8!$�
8�9

�����8��$���8�*	*$���#�	��� (SUT) �?A9�
���!�������
%$&�	�!8�9���
�������������	!��
���

8!$�
%��$&0	�! �����!��������	�������
�&��:������<�	8�9��������
 ASTM Standards 8�9���9��

���
 �#!8�����	�������
8�9�������!���$��	���&	����8!��/
	���	��	8�9 4  ���	��	8�9 2 	���&�����

+C
���������?A�	8�9�?A9�:C�;�%$&������/��	0	�!���
 E 8�9����&�� 8��
	���?A9�
���!���DC9
��	���

����
8�9���#B��/���!�8�9�#!������/*��
���	��
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��������	
 3 : ��
�������������#�$	�����%���
������!��

���:C�;�
	���	��	8�9 2 �&+��%�����	��
%	�8�
  �A� 1) ������
8H;I�
���*!�
0�

8H;I�8�
!��	�$:����,��
��	 %$& 2) ����-�/���������	%$&���������!��
��	�������
*!�


0���-����	�B�0�
����$� (Numerical Analysis)


	%	�8�
8�9 1 	��	 ���	8�9�&���
��������<�	������/8H;I�
���%$&���8!$�
%//


��� (Modified Point Load Testing) �B&������&���
����
�+C
8H;I��/A��
��	  ��������<�	%$&���

�����! ��
8H;I�8�9�!�+����	���%$�� ���������
�0�	 8H;I���
���%?����&�����
�������	��


��	8�9����
���#!�! ���������$��	���&���	��&*�0	,
	�������
8H;I�
��� %$&��&!�;<,���A9�
8!$�


%//
��� %$&
	8�9�#!�&�����+����
�������?�	-,�&����
%�
�!��
%8�	��/ �������	%�
�!

��
�#!%$&�����A!��#�	��
��	 �������?�	-,��$��	���&	�������9�����
��/�	�!��
��	�������


��A����	���	C9
�&���9�����
��/�&�&���
�&����
�#!�!!��	/	%$&!��	$��
��
��	�������
  ���

����
��������
$��
	���&%�!

�����	+C
�������?�	-,8�9�$������
��	

P = f{�C, �B, E, d, D}

*!�8�9 P = %�
�!
	%8�	�!��
 Point Load, �C = ���������+���	%�
�! (Compressive Strength)

��
��	, �B = ���������+���	%�
!C
 (Tensile Strength) ��
��	, E = �����A!��#�	 (Elasticity) ��


��	, d = �&�&���
�&����
%8�	�!��
 Point Load, D = ���	���:�	�,�$�
 (Diameter) ��
%8�	�!


	%	�8�
8�9 2 ��
���	��		���&
0���-����	�B�0�
����$� �0�	 Finite element analysis

��
 Desai and Siriwardane (1984) ������0��� �?A9�
������
�+C
�����&�����
�������	
	%	��!

%$&
	%	�!C
 L��
	��	�������
���%	���
�#!�! ���8��%//���$�
8�
�B��:����,��


���?������,	�� �&0���
������
��!�����$��&8/��
�	�!%$&������
��
��	�������
	��	 ���$����
��

������%����
��	�������
L��
�����8!��/%//�#!�! %$&�&�����+�A	��	�!�������?�@	�8�


!��	8H;I�
	%	�8�
8�9 1 �!�8������
+�����
 ��A��&�����+/���!����8H;I�8�9�!�?�@	���	��	 �����

�����!%$&������#��<�	����
��/��


�?A9�
�������+����+C
�$!�
�$������
��	 �C
��:�����?������,*��%���0A9� GEO DC9


�!�+��?�@	�*!� Fuenkajorn and Serata (1993) %$& Serata and Fuenkajorn (1992) ��
0� *!����

%?����&�����
�������	�&	������	�
	�����
%�	L����������?�	-, (Graph) 8�9�!�������

���	�B�$�����	�������
8�9���	�!���
��	%$&���&�&8�
�&����
�#!�!���
��	

��������	
 4 : ��
�����&�!���'(�������


���8!$�

	���
�"�/�������&%/�
���	 5 0	�!�$�� �A� 1) ���8�� Point Load

Testing 2) ���8�� Uniaxial Testing  3) ���8�� Brazilian Tensile Testing  4) ���8�� Triaxial
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Testing %$& 5) ���8�� Modified Point Load Testing 
	���8!$�
%��$&0	�!�&
0���	�������
8�9��

�	�!���
��	 DC9
�&%����� 1 	��� ��+C
 4 	�����
���	���	:�	�,�$�
 (��A������	�) �$���

8!$�
��� Point Load Testing !������
0���	�������
8�9���	�!���
��	�&�����+/�
/���!���� ��	

�	�!
!8�9�&���������9�����
��/�������	%�
�! (Compressive Strength) ������� %$&��	�	�!


!8�9�&���������9�����
��/�������	%�
!C
 (Tensile Strength) ������� !�
	��	����&�����+

����	!�	�!
	8�
����$���
��	%��$&0	�!�!� %$&�����+���#!%/�
�&����
�������	%�
!C


%$&�������	%�
�!8�9���
��	 ���#8�9��������+/���!����?��&������
0�8H;I�8�9?�@	�
	���	��	8�9

3 %$&�$���8!$�
������8�� Uniaxial Testing, Brazilian Tensile Testing %$& Triaxial Testing

���������	���0��%	& DC9
���8!��/8��
��!!�
�$��� �&8!��/��	�������
8�9���	�!���
 E ��	!���

�0�	��	

	�����	��%$���	�!��
����!��
 Point Load Testing ���&+���$A���C�	��8!��/ 3

�	�! �?A9�:C�;��$��&8/��
����! %$&
	8�9�#!�?A9�8���������	!�	�!��
����!8�9����&��

�?A9�
0����	����<�	����� ���8!��/*!�
0�����!%//
����&+�������/�8��/��/%//���� %$&�&

+���0A9��*�
��/���8!��/�#B��/�����
��	8��
 4 %//!�
�$������
��	 ��������/�8��/	���&/�


/��+C
�������?�	-,��
�������	%�
!C
%$&�������	%�
�!������8!��/%//
���

��������	
 5 : ��
����
��!)*���
�����

�$��������8�9�!�������	��	8�9 3 %$& 4 �&	����������/8�
!��	�����0A9�+A��!�

(Reliability) ��
�����$ %$&�&������/8�
!��	�������?�	-,8�
!��	�+��� ��A9�������/�!�%$��

����&	��������
8H;I�
��� *!��������
�������?�	-,8�
!��	�B��:����, �&����
%�
�!��/

�����A!��#�	 %$&%�
���	8�	
	%	��!%$&
	%	�!�9
��
��	 %$��	������������	����	����

8!��/%//
��� (Modified Point Load Testing) DC9
���8!$�
%//
���	����!����&�������$�9�	

%�$

	���%//��
����!    �?A9�
�����	�!8�9����&����/���8�
�#B��/������
E8�9���
���

���	�$��&8/
	��A9�
�	�!��
��	�������
 (Size Effect) ���&+��:C�;�8�
!��	�+���

(Ghosh et al., 1995, Lundborg, 1967) %$&8�
!��	�����&��B�����!�&�	 (Prediction) ���

Fuenkajorn and Daemen (1986, 1991, 1992) !�����-�	���$��&8/��
�	�!��
��	�������
���&

�����+	���������/�������?�	-,��
�������	�!�
	�0�
����$�8�9%	�	�	 ���	��A9�
���%�����	

8�9���$�����$��;B&���������	�	A���!�����	��
��	 (Non-homogeneous) ���&+��	����:C�;��?A9�

���/��#
�������?�	-,8�9�$������
��	 ���%����	���&
0���-�8�9��	�*!� Fuenkajorn and Daemen

(1992)
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��������	
 6 : ��
'
��+��)&,�&�������
����
����

�$8�9�!���/�����������
	���	��	8�9 1-5 �&�����
	�����
�	�!��
����!8�9����&

�� ���8��
�����8�9�&	����
0�
	������	�B���������	%�
�!%$&�������	%�
!C
��
��	���

����
 %$&8H;I�8�9	�����	�/�	#	 �����$��$��	���&	������&�#��,
0�
	�/�	�����������
/��;�8

GMT %$&�?A9�
����!�$��
��/���8!��/�#B��/���8�
!��	�$:����,��
��	 %$&	���������/

�8��/��/���8!��/�#B��/�����
��	%//���� �?A9���&���	�����&���!���
0�����%$&�����&���!

?$�

�	 ����!%//
����&	������!���
��/���A9�
�A�8��

	���
8!$�
%$&
	L���	�� ��������%$&���

�"�/�������&8�����/�����
��?	��
�	%$&��:�����
/��;�8���+C
��-����
0����A9�
�A�%$&��-����

���	�B�$8�9�!� %$&�&�����+C
8H;I�8�
!��	�$:����,8�9	����
0�
	������	�B�$$�?-,��
���

8!��/

��������	
 7 : ��
-
+'*������
��	��
�����

���:C�;�8�
!��	8H;I� �"�/���8�
���?������, ���?�@	�8H;I�
���%$&���

8!$�
%//
����&	������#�
	���
�	�?A9�8�9�&��
��/��A9������*��
��� 	�����	��	%$���$���

�����0��		���&	����?��?,
	������	�	�0��� �?A9����%?���������%$&��/�����	�%	&
	����	����0�

���8�
!��	��:�����-�B�  ��:��������A�
%��  ��:�����*�-�  %$&8�
!��	-�B���8����&�#��,

1.5 &�
�&"&������	
��


�	�����8�9��	���	���&+�������!
	8�
!��	�	�!��
��	�������
 !��	��9
%�!$�����


���8!$�
  !��	0	�!��
��	�������
  %$&!��	���%��/�
�����
���8!$�
 (�0�	 ����������


����!��	�������
�&+������	!
�����	����
8�9 (Costin, 1987) �#B�L�����
���8!$�
�&���	����


8�9  ���8!$�
�&8��
	$��;B&%��
  �	�!��
��	�������
�&+������	!�����&����
 1-4 	��� %$&

�	A9�
�����
/��&��B�����! ���8!$�
�&
0���	�������
�!��?��
 1 0	�!�8��	��	 ��	��	��A���	

���	8�9��
���!��&/#���&	����?����B�
	�/A��
��	 %$&��9
����	��	%$�����	�	��	�������
8�9��������


0�
	%��$&���8!$�
  %$&%��$&�	�!�&������	 5 0��	


�	�����	���&���$
��$C�+C
���:C�;�8�
!��	�#B$��;B& Microscropic ��
��	  ���

������/���%����
��	�������
�&����
	�&!�/ Macroscropic �8��	��	  �$����A� �&����
	 scale 8�9

�$��8�9�#!�?��
��$$����� (Horii and Nemat-Nasser, 1985; Nimick, 1988)

1.6 ��$��8���0�����9�
$J�#��


��&*�0	,*!���
8�9�&�!���/����$��������8�9��	���	���&��8��
8�
!��	�:�;<��� %$&

8�
!��	��0����
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1.6.1  ����#���(�?^�	


$!���
0�����8�
!��	���8!��/�#B��/�����
��	 ���8!��/*!�
0���-�
���%$&

8H;I�
����&��&���!���
0������!���&��B 80-90% �$����A� ���8!��/*!���-��!�� �0�	 Uniaxial

and Triaxial Testing %$& Brazilian Tensile Testing �&���
������#!���&�����	�������
8�9���	 core

($��;B&���	���8�
��&/��) DC9

	%��$&�$#����&�&
0����
0���������9������ 1-2 $��	/�8 ���	����


�9�� ���8��
���
0�����8�9���9����/�����������	�������
�?A9�
����������
����������	!����<�	 (ASTM

specifications) �?A9����8!��/8��
���0	�!���
��	�&������%?
���%$&
0���$�	�	 ���A9�
�A�8�9�&

	����
0�
	���8!$�
���&��������
��� (
	��A�
�8��&���?��
 3 �+�/�	�8��	��	8�9�����A9�
�A�8�9

�����+8�����8!��/��	�0�		���!�����
��/��B,%// �A� �#��$
��B,�����8��$��  Asian Institute

of Technology %$&�����8��$��-���:����,��
���) !�
	��	���
0�������� 1 ��	�������
�&����������


	�&!�/ 1,000-5,000 /�8 (�������#!���& �	��
 ������ %$&���A9�
) �C�	������/$��;B&%$&�����B

�����$8�9���
���

!�����-�
���%$&
0�8H;I�
�����	�������
�&��������������
! E 8��
���	  �	�!��
��	

�������+���!����������	*�$� (Outcrop) *!�
0����	-�B� ������
��
��	�������
�����+���	

���	8�9��������%//�!� (Irregular shape) ���	�	��
��	�������
8�9	����8!��/!�����-�
���	����

�����+�?�9����	�	����C�	�!��?��&���
0�����
	���8!��/�&�9����� ���
0�������� 1 ��	�������
��

�&�������9���A��&������	������� 100 /�8��� 1 ��	�������


1.6.2  ����#���	8����

�	A9�
����������8!��/��	
	���
8!$�
�&$!$
���!���
/��&��B8�9�8����	  

���	�	��	�������
8�9�&8!��/�!����&����C�	 ���8!��/��	
	�$�� E �#!
	?A�	8�98�9�&8��������

����
8�
!��	��:�����-�B� ��:��������A�
%�� %$&��:�����*�-� �&8��
���!������$8�
!��	�#B

��/�����
��	����C�	  $&����!�C�	 %$&%��	����C�	 ���!��0�		���&8��
��������%//*��
����
���
 E

(�������&���	�#*�
�,  ���A�
  ��A9�	  �&?�	  ����� ��A������!+		) ������+�����
%$&
������

������	�B��A9�
�&!�/��
�����$�!L��
	������%//  (Factor of Safety) %$&
	8�9�#!���&$!

�����'���� (?�
8$����
*��
����
���
 E) 8�9����&���!���������%//*!�
0������$��
�#B

��/�����
��	8�9����?��
?�

1.6.3  !�9������0�� �7�����	
��J�=8#��$��8��

�$��������8�9��	���	���&����&*�0	,����
���%$&*!���
��/�$���	���
�	8��
L��

��<%$&���0	 �����+C
�+�/�	���:C�;�8�9���!��	8�
!��	��:��������A�
%�� ��:�����-�B�

%$&��:�����*�-�
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�	���
�	
	L����<�&��&��/!����	���
�	8�98��
�	���9����/����������

	0��	��	 

�0�	 �������
��A9�	  �������
�#*�
�,  ���A�
%��/	!�	%$&
��!�	  +		 8�
�+�V ���������%$&

�$��	�����	%$&%���-���0��� �&?�	�	�!
�'�%$&�C��	�!
�'�8�9��<�	�������
	��	 �	���
�	

��$��	��  �A� ���8��?����-�B�  ���0$��&8�	  ����VV��X����$��  �����*���$��� ���8�
�$�


���*�-�-����  %$&����+�V%��
��&�8:�8�  ���	��	

�0�	�!�����	�	���
�	
	L�����0	�&��&��/!��� /��;�88�9��&��/���8�
!��	

����������

	0��	��	 �0�	 /��;�88�9��C�;�  /��;�8�����/����  /��;�8������%//%$&/��;�88�9
�����

/��������8!��/�#B��/�����
��	

���	�+�/�	���:C�;�8�9���!��	8�
!��	��:��������A�
%�� ��:�����-�B� %$&

��:�����*�-� �&�����+	�������	�8�
!��	8H;I�
���	����
0�*!���
  ��8�����:C�;����  ��A�

��8��������/��#
�?A9�
��������%��	���%$&+�����
����C�	 ��A��?A9�	������&�#��,
������������!

��
8H;I�	���$
 ������/��#
8H;I�	���&�����+8���!�
	�&!�/���:C�;�0��	��
 �0�	 /�B���

:C�;� ���	��	

1.7 ������$��
&��������

���
�	_/�/	����	����	��	%$&�$
�	�����8��
��!��
���:C�;� ���8!��/�#B��/���

8�
!��	�$:����,��
��	%//�#!�!%//���/��$�9�	 /88�9�	C9
�-�/��8�9����
�W'�� ���+#��&�
�,

%	���! ��-���� ��/��� %$&��&*�0	,��

�	�����	�� /88�9��
��#��������	����
���8!��/

%//�#!�! %$&�&�	�	��8�9���!�%$&��������!��
���8!��/��	!�����-�	�� /8	���&��#��/�	���8�9

���9�����
��//��;�8 GMT %$&%	�*	��8�9�&	���$8�9�!����
�	�������
0���&*�0	,

�$�����%$&�/�	�����
��������� �$A����� %$&���/�������
��	8�9
0�
	
�	�����

	���!���#����
	/88�9��� /88�9��9��	���-����%$&�$��
���8!��/
	���
�"�/�������?A9�����
<�	

�����$ 	����
0�
	�����&!�;<,��-����8!��/%//
��� /88�9����-�/�����:C�;�8�
!��	8H;I�

DC9
�&�	�	��8�9������	�B*!�
0�%//���$�
8�
���?������, /88�9����&��$%$&������&�,�$8�9

�!�������8!��/ %$&�$8�9�!����%//���$�
8�
���?������, 
	/8	���&��	����	��	%$&��-�

������	�B��
���8!��/�#!�!%//���/��$�9�	 %$&�&�����?����	,����%��	�����
���

8!��/%//
���	����A9��8��/��/���8!��/%//����

/88�9���!�����B,%	���!%$&�$��
��������*!��	�	��8�9����+�����
 ����%��	���

%$&��������!��
��-����8!��/%//
��� /8	���&��	���-�������/��#
�$8�9�!����
�	�����
��!��C�	

/88�9%�!��#���-�%$&�$8�9�!����
�	�����8��
��! ������8�9+�����
��

	
�	�����	���!�
�����
	

/��B�	#���
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L���	����	����
��
/8����8�9�&��?��?,
	�	��� /8�����!���	��	A����/�


���	��

�	�����8�9���#B���8�
��0���� 
	L���	����
�!���	�����A����8!��/�#!�!%//���/

��$�9�	 %$&�$��
���/�����+���8�!�8�*	*$���#!�!%//���/��$�9�	8�9/��;�8 GMT




��0� 2

������:���&���������
�


����

�	A����
	/8	����	��$%$&�����#�8�9�!�������8/8�	������%$&
�	�����8�9���9��

���
��/���8!��/%//�#!�!8�9�!�8����%$��
	�!��+C
�W��#/�	 �$
�	��������	
�'������
�	�����

8�9!���	�	���
	���
��&�8: �����#�
	/8	���&�	�	��8�9��&�����������	����
���8!��/��	

%//�#!�! ��&�!�	
��� E 8�9���9�����
��A�8�9���$��&8/����$��
���8!��/ ������	�B%$&

�������
�������?�	-,�&����
!�0	��#!�!��/�������	%�
�!%$&�������	%�
!C
��
��	 %$&���

�����!��
!�0	��#!�!8�9
0���	����
	�W��#/�	 DC9
�&	����������?�@	���-����8!��/%//
��� %$&

8H;I�
���8�9��	���
	*��
���	�� 
	/8	���!���#����������
/��;�8 GMT 8�9���9�����
 DC9


�����+	���$��

�	���������&�#��,
0��!�

2.1  �����_���������
�


����

���8!��/%//�#!�! (Point Load Testing) �?A9���!�0	� (Index) ��
��	 �!������

����@	����������
����	A9�
��A�/ 30 �� ���9���	��� Broch and Franklin (1972), Wijk (1980), Brook

(1985), Brook (1993) �	��+C
������
���8!��/	�����	���8!��/����
����<�	
	������� �A�

ASTM D5731 
	�� �.:. 1995  �������?�	-,�&����
�$8�9�!������8!��/%//�#!�! (Point Load

Index) ��/�������	%�
�! (Compressive Strength) �!�+�����
�C�	*!������������
��		�� *!���:���?��


�����$8�
�+�����
���8!��/��	�$��0	�!�8��	��	 ��
���������������
��&�8:
!��A���
��������

8��	
!8�9�!�?�������	���/A��
�$�
8�
!��	�$:����,8�9�&����
�+C
���%����
��	L��
���#!�!

Brook (1985) �!�0��
�����	+C
�$��&8/��
�	�!%$&������
����$8�9�!�������

8!��/%//!�0	��#!�!  %$&�!���	�����?A9����	��������/�8��/����
����<�	 !�0	��#!�!�������&

�!��������	�������
8�9��������
%//
! ����&+�����/��$�9�	%$&%�!

������
	�&//8�9�8��/�8��

��/��	�������
8�9��?A�	8�9���%	��#!�!8�9�8����/ 50  mm ��A��8��/�8����/��	8�
��&/��8�9�����	-

���:�	�,�$�
��&��B 1 	��� 8��
	���?A9�8�9�&
�������$��	��8�9�!��������	0	�!8�9���
��		���������/

�8��/��	�!� *!�8�9�$��&8/��
�	�!%$&������
�&+��$!$
��$A�	���8�9�#! �?A9�
�����	%	�8�

	

������/��$�9�	���!�0	��#!�!!�
�$��� Brook (1985) �!���	������
	��������$�
����

��� E *!�


�����!�0	��#!�!����
	�����
����������$�
��
���	���:�	�,�$�
 %$&�����	� (�&�&���


�&����
�#!�!) ��
�������
��	*!�������
8�9 DC9
���	�����&��8-�R��
���	���:�	�,�$�
%$&����

�	� Brook ��
�$�
���	+C
�$��&8/��
�������	%$&����%��
��
�������
��	������8!��/

%//�#!�! !�
	��	����!���	������8�9���
��	�?A9�
0���/���!#��A��������
��	8�9����&�� ����
����
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�����������&��8-�R8�9	����
0�
	%��$&�������A�
	%��$&0	�!��
��	���&���
	��������$���

8!��/

Panek and Fannon (1992) �!�8�����8!��/%//�#!�! ����!%�	�!��� %$&%//

Brazilian test *!�
0���	 Metadiabase %$&��	 Basalt �?A9����������?�	-,�&����
�$��&8/��


�	�!%$&������
��
��	�������
8�9
0�
	���8!��/%//�#!�! ��	�������
8�9��������
���%	�	�	

(Irregular shape) ������� 500 0��	 �!�	����8!��/
	L���	�� �������?�	-,%// Logarithmic

�!�+����	��C�	�?A9�	�����-�/��
	�0�
�B��:����, �?A9�����
�������?�	-,�&����
!�0	��#!�!��/

�	�!%$&������
��
�������
��	  �$8�9�!���#����8��
�	�!%$&������
  (��������
  �������

%$&������
)   ��
0��	��	�������
�&���$��&8/�������������	%�
�!��
�#!8�9��!%$&���	�B�!�

�$��&8/	���&�������A�	����?��

!�&�C�	������/�#B$��;B&��
��	%��$&0	�! 8����#! Panek and

Fannon (1992) �!�%	&	����������!����������	%�
�!%$&�������	%�
!C
��
�#!����&�����

8!��/��	�$���	�!%$&�$��������
 �?A9�
�����+C
�����$�9�	%�$
��
����#B��/�����$��	��	


	�� 1995 �B&���������
 ASTM (American Society for Testing and Materials)

�!���	����	��	%$&��-������
���8!��/%//�#!�!
�����	����<�	
	��&�8:����<�������   

�?A9�
0�
	�#��������8�9���9�����
��/���
0�%$&���8!��/�#B��/�����
��	 ������
���������


��
������/����<�		���A� ASTM D5731 DC9
�!�/�
/��+C
�	�!%$&������
��
��	�������
8�9�&	��

��
0� (Sample preparation) �#B$��;B&*!�$&����!��
�#���B,8�9
0� (Instrumentation) ��-����

8!��/ (Testing procedure) ������	�B�$8�9�!� (Calculation) %$&������/�$������	�B�?A9�
0�


	������
��
 ��A������/�8��/��+C
�	�!%$&������
��
��	�������
8�9
0����	����<�	 (Size and

shape corrections) *!���#�%$����	�������
8�9���	����<�	�&���
�����	���:�	�,�$�
 50 mm 	��

���	��	%$�� ASTM D5731 ��
�!�%	&	����������&��8-�R�
8�9�$�����8�9�&	����
0��?A9��0A9��*�
���

!�0	��#!�!  ��/����������	%�
�!��
�#!
	%�	�!�����
��	  �������
8�9���	�!���
 E  ��	�!�  ���

�����&��8-�R	���!���������8!��/��	�$��0	�! %�������������%	�	�	��
 �C
%	&
��
0����	%	�

8�
����
����
 E �8��	��	

Chau and Wong (1996)  �!���&��$�����$8�
!��	!�0	��#!�!����$
�	��
��������

�A9	 E �$��8��	8�9�!�+����?��?,���%$�� �#!��&�
�,��
���������&�,�����$��$��	�����?A9�8�9�&������

���?�	-,�&����
!�0	��#!�! (IS) %$& Uniaxial compressive strength (�c) ��
��	�$��0	�! �$8�9�!�

/�
/���������������?�	-, �c = 24 Is 	��	����&���+�����
%$&%��	������8�9	��������$��8��	�!�����


���	��
	�!�� �����������	 24 �8�����	�?��
�����&���	����
����� E ��������������	�������


�$��0	�!?/�����������		�������+��	%����� 6.2 ���	+C
 105 �!� Chan and Wong (1956)  �!�

��#������	%����
�����������		���&�C�	��/�W������9��&����A� 1) ����������	�������	
	%	�!C


��
�#!��
��	  (Tensile strength)  2) �����������	 Poisson’s ratio 3) ���������
��	�������
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%$&  4) ���	���:�	�,�$�
��
��	�������
 
	8����#! Chan and Wong (1996) ����
�������+��#�
	

�0�
����$��!�%	�0�!�������������	
	%	��!��
�#!����&���������?�	-,��/���!�0	��#!�!����
��

������/��	%��$&0	�!

Butenuth  (1997) �!�������&�,�$��
���8!��/%//�#!�!8�9�!�+����?��?,*!�	�������

����A9	 ���������&�,��
 Butenuth (1997) 	���!����	�B�$���8!$�

	�����
%�
�! %$&	����

���?�	-,8��
?A�	8�9��
���%��8�9���!����#!�! DC9
�&���
��/����A9	DC9

0��$���8!$�

	�����
����

!�	 ��A��������	 Butenuth ��#����%�
��
�#!8�9�!$
/	��	�������

	�	�!8�9���
 E ��	 (�&�&

���
�&����
�#!�!8�9���
��	) �&���������?�	-,���	���	��
��/?A�	8�9��
���%��8�9���!�������!


	��	�������
%��$&�	�! �������?�	-,	���&�����+	�����-�/���$8�9�!�������8!��/�������	

%�
!C
��
��	8�9���	�!��
��	�������
���
 E ��	!��� ����
������� Butenuth ���!�
���������?�	-,

��
�$8�9�!�����#!�!��/�$8�9��!����&�!�������8!��/�?A9����������	%�
!C
 %$&�������	

%�
�!��
�#!

Wei et al. (1999) %$& Chau and Wei (1999) �!�?�@	����������B��:����,0��	��


%$&�!�����
%//���$�
�?A9����	�B�0�
����$� �?A9�
0�
	����-�/��+C
�����&��������
�������	

���%	��#!�!
	��	�������
8�9�����8�
��&/��%$&+���!���%	�%�	 �����	���!����+C


��&�!�	�����'��	�	C9
�A� �������	
	%	�!C
���!����!�C�	8�9�#!�C9
�$�
��
��	�������
���8�9�������


�
	�!�� %���������	��
�#!
	%	�!C
	���&���!
	/����B
�$���/�#!�!8��
��
�$�� 	�9����+C
���

���%��8�9���!�������!���!����9����!�C�	8�9�#!�C9
�$�
��
�����	���
��	�������
 %�����9����!�C�	8�9

/����B
�$���/�#!�!8��
��
���
 	�����	��	%$�� Wei %$&�B&��
/�
/�������� �	�!��
����

���	8�9���!�������!	����
�C�	��/�#B��/�����
��	 *!��_?�&����
��9
�#B��/��� Poisson’s ratio (�)

+����� � ������9�� (�0�	 � = 0.1) ����������	
	%	�!C
�&�������
������	8�9����� � ��
 (�0�	 � = 0.4) ���

��#������&����	C9
�A� ��	8�9���������	����!�&��$
��
	�	A����	 8��
��?A�	8�9������������C�	

%$&8��
������������	
	%	�!C
������9��$
 !���%�
�!8�9�8����	��	8�9������%��
 ?A�	8�9�������&����


����!��/�	A����	�&���	�!�$�� 8��
������������	
	%	�!C
�������
�C�	 
	���	��
�$��&8/��


�	�!%$&������
 Wei %$&�B&��#���� ��	�������
8�9���	�!
�'��&����� Point load strength �9������

��
��	�������
8�9���	�!�$�� (
	��B�8�9��������
���	8�
��&/�����A�	��	 %$&�� L/D ratio �8��

��	) 
	��B�8�9��	�������
�����	���:�	�,�$�
�8����/��	�������
8�9��������&����� Point load strength

�9��������	�������
8�9���	���� �����	?/��
 Wei %$&�B&	�������'��� %$&�&���	���<�	��	

�����'��	�	C9
��

�	�����
	*��
���	��
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2.2  &#�
 ����&����8�0
����

��������8�9��	�*��
���	���!����	�#!���	8�
!��	��0����8�9���9����/�������?�	-,

�&����
!�0	��#!�!��/ Uniaxial Compressive Strength 8�9�!�+����	���*!��$#����������
	���


��&�8:8�9�$������
��	 �#!���	��&���%���A�!�0	��#!�!����&���������?�	-,��/ Tensile

Strength ��
��	�������8�9�&���������?�	-,��/ Uniaxial Compressive Strength !�
8�9
0�����
	

�W��#/�	 �?��&������8�9!�0	��#!�!���$��&8/������	�!��
��	�������
  ��A9���	�������
���	�!


�'��C�	!�0	��#!�!���&�����$!$
 �	A9�
������	8�9�����	!�����$��&8/����	�!��
��	�������
�&��

����������A9���		��	���$�����%�����	%%//!C
 (Tension) %���$��&8/�&��	��������A9��$��

���%����
��	���	%//�!�_A�	 (Compressive shear) �����	?/	���!�������A	��	*!�	�������

�$���$#��
	���
��&�8: 8��

�	��
 Jaeger and Cook 
	�� 1979, Lundborg 
	�� 1977 %$&

Kaczynski 
	�� 1986  !�
	��	���8�9 Brook (1977, 1979, 1983, 1993) ��	��������?�	-,!�0	��#!�!

������/ Uniaxial Compressive Strength *!���
 �C
����&���	��������/��B,���/�$#�

�#!���	�����&����	C9
�A� 
	���8!$�
*!�
0��#!�!�&���! Compressive Shear

Zone  ���!�C�	
	/����B8�9��!��/�������! (Loading points) ��	
	 zone 	���&%��
	$��;B&%�
�!

�_A�	8�9����
	��
��A����%�	 (Biaxial or Triaxial Compressive Shear Failure)  !�
	��	���!�0	��#!

�!����&���9�����
��/�������	%�
�!8�9����
	 2 ��A� 3 %�	 (Biaxial or Polyaxial Compressive

Strength) �������8�9�&���9�����
��/���%��L��
��%�
�!�?��
8�:8�
�!��� (Uniaxial Compressive

Strength)

*!���#�%$�����8!��/�#!�!%//!��
�!��+C
%���&�����%//8�9
����������"�/��� %��

�$8�9�!���/�&����������8�9D�/D��	��� E   DC9
����&��������+%$&�������&��8�9�&	����

���?�	-,��/�������	%�
�!��
��	�!�����
*!���
%$&
���!��!�
8�9�"�/������� !�
	��	 ��������
�

����������
�$���8!��/%//�#!�!����
$C�DC�
 �C
������������	���	8�9�&	���$	��	�����?�	-,

��/�#B��/�����
��	
	!��	�A9	 E

2.3  &
�����&��
�	?�� GMT �0���0���&#��

/��;�8 ������8� ���,����0�9	 �����! ��0A9��������	L�;���
�H;��� "GMT Corporation

Limited" ���	/��;�8��:���8�9��C�;� 8�9������
�C�	*!��$#����:���%$&	��-�B���8�� DC9
���	�	�8�


	��?.:. 2535 �+�	8�9���
��
���	��
�	�$�8�9 28/72 ����8�9 13 D������A9	 +		$�!?���� %��


$�!?���� ���$�!?���� ��#
�8?���	�� ���+#��&�
�,�$����
/��;�8� �?A9�
��/�����%���	���


�	��0��� ��<�������� �
�,��	�	�0��� %$&�
�,������0	���
 E *!�
�������C�;� ������ :C�;�

%$&0����	�/�	#	8�
!��	��0���� %$&���
0��8�*	*$������
��� ������/
�	8�
!��	�#8�-�B�
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��8�� -�B��8�	�� -�B���8��%$&%�$�
%�� �?A9�0���
�����!���	�	
�	��
������
*��
������	��

����
����&��8-�L�?%$&��&��8-��$


	�W��#/�	 �������
�	��
/��;�8�  %$&/#�$����$����&��/!���  	��-�B���8��

	���#8�-�B���8�� 	��-�B���:����� %$&��:���*�-� 	��������0��	�'�����$��	�� DC9
���	

?	��
�	��&�����
/��;�8%$�� /��;�8� ��
������0�9��0�'!��	���
 E ��8��0�	 ����0�9��0�'!��	�#8�-

-�B���8��  ����0�9��0�'!��	8��?����	���  ����0�9��0�'!��	�#��L�/�$  ����0�9��0�'!��	-�B��8�	��

����0�9��0�'!��	-�B���8�� ����0�9��0�'!��	���%//��A9�	 ����0�9��0�'!��	%�$�
%�� ����0�9��0�'!��	

�#*�
�, ���	��	 ���
������	�/�	#	
	���8��
�	���	�&�& E �������������	 ���!��� �W��#/�	

/��;�8� ��?	��
�	��&���8��
��! 101 �	 ��&��/!���/#�$���8�
!��	�8�	�� ���	�	 76 �	

%$&/#�$����	�/�	#	���	�	 25 �	 $��;B&
�	8�9/��;�8� 
��/�������&��/!��� 7 �����A�

1) 
�	!��	-�B���8��%$&�#8�-�B���8��

2) 
�	!��	?�@	�%�$�
%��

3) 
�	!��	�������-�B��8�	��

4) 
�	!��	���A9�
�A���!?H������8�
-�B��8�	��

5) 
�	!��	��������
��!

6) 
�	!��	�&//����	�8:L���:����,

7) 
�	!��	���8!��/���!#�������

	���
�"�/������

�$8�9�!����
�	�����	���&����&*�0	,*!���
��/������� 3 !��	��
/��;�8 GMT �A�

��� 3) 
�	!��	��:�����-�B��8�	�� ��� 4) 
�	!��	���A9�
�A���!?H������8�
-�B��8�	�� %$&���

7) 
�	!��	���8!��/���!#�������

	���
�"�/������

������:�����-�B��8�	�� �!�%�� 
�	���������%// %$&��/�#�
�	�������
��A9�	

X��%$&���
���/	���  8����A�%$&*��
����

	8&�$  +		%$&�&?�	  �	��/�	  8�
�+�V
��!�	

8�
�+�V �&//0$��&8�	 *�
�VV�� �&//��&�� *�
/��/�!	������� *�
�����!��& %$&�+�	8�9

���/������?�; <�	�����
��9
�$������
8#���&�L8 
�	�#!!�	%$&��	 
�	�#!���&�#*�
�,%$&

*��
����

��!�	 
�	���/��#
<�	��� 
�	���/��#
��+���L�?8�9$�!0�	 
�	?�@	����A�
 
�	

���%//�&//������/�����9�DC� %$&
�	D���/���#
���;�*�-�

������8�  
��/�����!��	���A9�
�A�������!8�
-�B��8�	������
��/�
��  ���
%��
�	

���%//  ��!��  ��!���
  ������!  ��&��$�$  %$&��!8�����
�	  ������/
�	*�-�8#���&�L88�9

�������
/	!�	��A�
��!�	
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	�����	�� ������8� ��

��/�����
	
�	������8�9
0��8�	��?��:; �0�	 �����!%�
���	
	

�$#����&�&!�/$C� ���������*��
����
��	�&!�/$C� *!���-�-�B�V�����, %$&���������/

���%�	�
���!#8�9XW
����
��!�	 *!�����0�9��0�'�_?�&!��	8�9��0A9�����
������
��&�8:

������8� �����
8!��/���!#8�
-�B���8��8�98�	���� �����+8!��/�#B��/���8�


��:�����8#�����
8�9$��������
���!���������!���� %$&�0A9�+A��!�
	�$���8!��/

$����������'8�9 ������8� 
��/�����*!�8����''�*!���
 ��A������	��/0��

�	�!�%��

��$��(J�� : ,����^

8�������#� ��&��0�=!#
�	���

���-	����;, ��:�����-�B��8�	��

���*�-�-���� ��:�����-�B��8�	��

���?�@	�%$&��
�����?$�

�	 ��:�����-�B��8�	��%$&��/�#�
�	�������


���0$��&8�	

������-�B���8��%$&��:�����-�B��8�	�� 
	
�	

:C�;���������&�� 
�	:C�;��$��&8/��9
%�!$���

%$&
�	���%//���$&����!

���?�@	�8�9!�	 ������-�B���8��

���8�
�$�
 ��:�����-�B��8�	��

�������8�� ������-�B���8��

���8��?����-�B� ������%��%$&?�@	����
0�+��	��	�#BL�?�9��

���	��
�		*�/��%$&%�	��9
%�!$��� ������-�B���8�� %$&:C�;��$��&8/ ��9
%�!$���

����	���� ��:�����-�B��8�	��

���	��
�	���
��!?�@	�0	/8 ��:�����-�B��8�	��

����VV��X����$��%��
��&�8:�8�
������-�B���8��%$&-�B���:����� 
	
�	:C�;�����

����&�� %$&:C�;��$��&8/��9
%�!$���

�����&��L���L�� ��:�����-�B��8�	��

�����&��	���$�
 ��:�����-�B��8�	��%$&��/�#�
�	�������


�
�,����+�VV�����	�� ���A9�
�A�������!8�
��:�����-�B��8�	��

���	����#��������%��
��&�8:�8� ��:�����-�B��8�	��

������&%��
0��� ��:�����-�B��8�	��

�����*���$���%��
��&�8:�8� ��:�����-�B��8�	��

����+�V%��
��&�8:�8� ��:�����-�B��8�	��
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��$��(J�� : ,�����8�

8�������#� ��&��0�=!#
�	���

/��;�8 ��8�
 ����?$���0�9	 %�	!, ��	�9
 �����! ������%��

/��. ��	D���	�,�8� ������%��

/��. ��	D���	�,���D�� ������%��

/��;�8 ��	��8� 0�����,! %�	!, ���	���	���, �����! ��:�����-�B��8�	��

/��;�8 ?�8� 	��,- ��	�9
 ��	*!�	���D�� ������%��

/��;�8 /�?� ���$, �����! ��:�����-�B��8�	��

/��. �8�-������	�D������, ��	!��8�� ������%��

/��. ��%!
 ��	!��8�� ������%��

/��;�8 ��	*!�0	��*�$!,V�$!,� �����! ������%��

/��. �����$�9�	 �8� !���$$�����	8, ��:�����-�B��8�	��

/��. D�*	-�8� ��D��,�D�� !���$$�����	8, ������%��

/��;�8 *�

�	*���$ �����! ��:�����-�B��8�	��

/��;�8 %��,��!�, %	�0���$ ��D��,�D�� ��
�, ������%��

/��. 0$��&8�	D���	�, ������%��

/��;�8 �������� �����! ������%��

���. ��	�������������
 ���A9�
�A�������!?H��������A9�	

�
�,������������A��&����
��&�8:%��
'�9�#�	 ��:�����-�B��8�	��

/��;�8 ����,��*���$��� %�	!, ���V	�9
 �����! ��:�����-�B��8�	��

/��;�8 �8��, ����� /��� ��:�����-�B��8�	��

/��;�8 L��8? �����! ������%��

/��;�8 ��$$,�����, ��0��,�0�� ���	%�$ ������%��

/��;�8 �8����$, �����! ��:�����-�B��8�	��%$&��/�#�
�	�������


/��;�8 ���,����	%�	!,�	#!�D	 �����! ��:�����-�B��8�	��

/��;�8 V$����, %!�	��$ ��
�, ��:�����-�B��8�	��
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"9����$��(

8�������#� ��&��0�=!#
�	���

�
�,���?�@	�%��
����&0�0���

(��-��B��<����	)

������-�B���8��%$&	���/�!�$ �?A9����

?�@	�%�$�
	���

/��;�8 ?������	 ?���0��� �*�	�, �����!

(��&�8:���?�0�)
������%��

/��;�8 ��	D���	�,�8� (��&�8:$��) �����!

(��-��B��<��&0�-�������&0�0	$��)
������%��

/��;�8 �8�$��$���	8, �����!

(��-��B��<��&0�-�������&0�0	$��)
��:�����-�B��8�	��

/��;�8 ���D��, ��	����,�	0�9	%	$ �����!

(��-��B��<��&0�-�������&0�0	$��)
������-�B���8��

/��;�8 ���D��	 D���	�, �����!

(��L�??���)
������%��

/��;�8 ��&/#��D���	�, �����!

(��L�??���)
������%��




��0� 3

�����<
��$���
���"�0��"����9��!	�

3.1 ���� ���
��j��0���$��<
"����9��!	�

������/%$&��!��������	�������

	���	��		�� �!������������?A�	8�9�?A9��$A�������	8�9

�&	����
0�
	���8!��/ 0	�!��
��	8�9�!�+���������!������+C
��	��	%$&��	%/���,8�9��
���!

�$� ��	��	%$&��	���	8�9��
���!��&/#�� ��	��	8�9��
���!$?/#�� %$&��	��	8�9��
���!0$/#�� ���	��	

���8�9 3.1      %�!
0	�!��
��	%$&?A�	8�98��
��!8�9�!���8�����������
	*��
���	��      *!���:��

�������	!8�9���$��;B&�����'��
��	8�9�&	����8!��/�&���
���������	�	A���!�����	��
 

(Homogeneous)  ������8!��/�/A��
��	?/�����	���	8�9��
���!��&/#�����#B��/���8�9����&��

8�
!��	-�B���8�� 8�
!��	�����&!��
	������/%$&��!������ %$&8�
!��	�����/�#��#BL�?

!�
	��	 ��	���	8�9��
���!��&/#���C
+����!�$A���C�	�����	��	�������
�$����
*��
���	�� �?A9�
0�
	

���?�@	�8H;I�
���%$&��/�8��/ (calibration) ���%��
	8H;I�	��	 ���	��	0	�!�A9	�������

:C�;��0�	��	 *!����	
�'�%$���&8�����8!��/�?A9�8!$�
����%��	�����
���8��	�� %$&
	

�����/8�	 (Verification) 8H;I�
���8�9�&����
�C�	

3.2 ���
���"�0��"����9��!	�


	
�	�����	���!���!DA����	���	8�9��
���!��&/#�������B8��
���	 1.5 ��	  *!��!���9
��!

��	���	���	���	���	�! 10�12�12 $��/�:�,	��� ���	�	8��
��! 28 ���	 (���8�9 3.2) %$&�!�+��	��

����!������
	���
�"�/�������?A9����8!��/8�
!��	�$:����, �����!������	�������+C
������&

���	���%8�
8�
��&/�� (���8�9 3.3 %$& 3.4) DC9
���	�!���	���:�	�,�$�
��	%����� 1 	�����+C
 4

	��� ���	��	��	�������
���8�
��&/���&+����! (���8�9 3.5) �?A9�
������!���	�������������	���-

:�	�,�$�
8�9����&����/���8!��/
	%��$&0	�! �������
��	�&+��X	�$��8��
��
���

������/

%$&�	�	��	 �?A9�
�����	������������	!����<�	��
 ASTM standard (!�
%�!

	���8�9 3.6)

���8�9 3.7  %$&���8�9 3.8  %�!
/�
���	��
�������
��	���	���8�
��&/��8�9���	�!%$&������


���
 E ��	   DC9
�!���!������
	���8!��/%//���
 E 
	*��
���	��

�/�	��������!��������	�������
	���!�+��!���	�	�����/�������/���8!��/
	���


�"�/������ �?A9�8�9�&�!���������/��$�9�	%$&���/��#
���%//��
��	�������

����!�$��
��/�$8�9

�!�������8!��/
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1.  ��	��	 �.��&/#��   6.  ��	��	��A9�	:��	���	8�, �.��'�	/#��

2.  ��	���	 �.��&/#��   7.  ��	��	%$&��	*!*$���, �.��A�
 �.��'�	/#��

3.  ��	!�	!�	 �.���0��
 �. 	����0����   8.  ��$A���	 �.�#!�-�	�

4.  ��	8���*������! �.	����0����   9.  ��	��	���0�����, �.0$/#��

5.  ��	��	�����*L0	, �.$?/#�� 10.  ��	��	%$&��	%/���, �.�$�

����0� 3.1 0	�!��
��	%$&?A�	8�98��
��!8�9�!�8������������?A9��$A���������
��	��
0�
	���

8!��/
	*��
���

Burma

Laos

Kampuchea

SCALE

0     100            200 km

	
Bangkok


 Chonburi










Kanchanaburi

Chiang Mai

Loei






Nakhon Rachasima

Ubon Rachathani

�

�

�

�

� � �	
�

N
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����0� 3.2 ���	�	C9
��
���	��	�������
��
��	���	�����
���!��&/#�� 8�9�!�+����9
��!�� ���	�!

10�12�12 $��/�:�,	���
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����0� 3.3 ���	��	�������
��
��	���	+�����&!������A9�
���&��	
	���
�"�/������ ������&���	�!

��	%����� 1 	��� ��+C
��&��B 4 	���
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����0� 3.4 ���	��	�������
��
��	���	+�����&!������A9�
���&��	
	���
�"�/������ 
0�������&8�9��

�	�! 2 	���
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����0� 3.5 %8�
8�
��&/����
��	�������
+����!�?A9�
���!��������8�9����&��������/���

8!��/%��$&0	�!
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����0� 3.6 �������
��
��	���	�	�! 4 	��� 	����X	�$��8��
��
���

������/%$&�	�	��	���8�9

����	!���
	����<�	 ASTM standards
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����0� 3.7 �������
��
��	���	���8�
��&/��8�9���������%$&���	���:�	�,�$�
���
 E ��	�!�+����!

�������?A9�
0�
	���8!��/
	���%//���
 E
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����0� 3.8 ��	�������
8�9�����	���:�	�,�$�
 2 	��� %���� L/D ratio ���
��	 +����!�������?A9����$��&8/

��
������
����������	%�
�!��
�#!
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�����!�������������
��	�!������+C
��	0	�!�A9	8�9	����8!��/�?�9����� *!��_?�&


	���	��
���?����	,����%��	���
	�����!�&�	��
8H;I�
���8�9	����	�
	*��
���	�� ��	

��$��	�� �A� ��	��	�����
���!��&/#�� ��	8��������
���!	����0���� %$&��	��	�����
���!

$?/#�� �	�!%$&������
��
��	��$��	���&���
��	������#!��&�
�,8�9
0�
	���������&�,8H;I�8�9

����
�C�	 DC9
�&�-�/��
	���	8�����
���
�	_/�/	��




��0� 4

�������
=�!#���>	
�"	���

���8!��/
	���
�"�/�����������+#��&�
�,�?A9�����
<�	�����$8�9���9����/�#B��/���8�


�$:����,��	8�9���9�����
 �?A9���&!�;<,%$&8!��/����!%//
��� %$&�?A9���/8�	 (Verification)

�$8�9�!�������8!��/ 
�	�����	���!�%/�
���8!��/8��
��!������	��9�$#��
�'� E �A�

1) ���8!��/�#B��/����$:����,?A�	<�	

2) ���8!��/�#!�!%//���/��$�9�	

3) ���8!��/%�
!C
%//���
 E

4) ���8!��/�?A9�?����	,8H;I�!�����	���
0	�!

���8!��/
	�$#��8�9 1)  2) %$& 3) �&
0���	���	�����
���!��&/#�����	�$�� �$8�9�!��&

	��������������
8H;I�
���%$&���	��	8�9����&��
	���8!��/%//
��� (8!��/�#!�!%//���/

��$�9�	) 
	�$#��8�9 4) �&�����8!��/�$��0	�!*!�
0���	���
0	�! �0�	 ��	��	%$&��	8��� ���	��	

*!������+#��&�
�,�?A9���/8�	�$���:C�;�%$&������&�,8�9�!�������8!��/
	�$#��8�9 1)  2) %$& 3)

4.1 �������
�����
�"	��(��"����j�^��

��������%
�#&��
��6�(%;(�������	��
���
�,-
�#�� ?��������&,�'�	�+��!����(�	V�

(�

��#�;�	�#*����+
�	�������	��
 �#'��!���
(�%�%
�#6���������!����������
�	��
�������,���	�#'



�����	��
 ��������%
�#&��
���',�'����(������������	��%
��
����� ����������	��

������"�# ���������&���������	���� �#'����������	��%
�����


4.1.1 �������
�����=������0��

���8!��/%�
�!
	%�	�!��� (Uniaxial compression test) �����+#��&�
�,�?A9�:C�;��$

��&8/��
�	�!%$&������
��
��	�������
 �������������	%�
�!��
�#!
	%�	�!��� (Uniaxial

compressive strength) DC9
���	�
�,���������&��/8�9�����'��

�	�����	�� �$8�9�!��&	��������
����

���?�	-,�?A9��0A9��*�
��/�������	%�
�!8�9�!�������8!��/%//�#!�! 
	���:C�;��$��&8/��


������
 �!�
0��	�!��
�������
��	�����	���:�	�,�$�
��	%����� 22.2, 38.5, 54.0 ���	+C
 67.2 mm


	%��$&�	�! ��!���	��
�������������	���:�	�,�$�
 (Length-to-diameter ratio) ��A��������� E ���

L/D ��	%����� 0.25, 0.50, 0.75, 1.00, 1.50, 2.00 ���	+C
 2.50 ���8�9 4.1 %�!
/�
���	��
��	���

����
8�9�!�+����!�������?A9����8!��/%//%�
�!
	%�	�!��� 
	���:C�;��$��&8/��
�	�! ���

����
��	���8�
��&/���&�� L/D 8�9�
8�9%���&�����	���:�	�,�$�
��	%����� 22.2, 38.5, 54.0 ���	+C
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����0� 4.1 �������
��
��	���	8�9��
���!��&/#��/�
���	8�9��!�������C�	�?A9�8�����8!��/%//����!


	%�	�!����?A9����$��&8/��
�	�!%$&������
����$�����%����
�������
��	
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67.2 mm ����
8�9 4.1 �!���#����	�	��
��	�������
8�9�!���!������������/���8!��/%//%�
�!
	

%�	�!��� ��	�������
���	�	 280 0��	�!�+����!������������/���8!��/	��*!��_?�&

��-����8!��/�!�!���	�	����������<�	 ASTM D2938 �$8�9�!�������8!��/�!�

��#����
	����
8�9 4.2        
	���8!��/	����	�������
�&+���!!������A9�
�!���%	�%�	��
8�


��&/�� 8#��������
�&+���!!��������8�9���������8����	 (Constant loading rate) 8#��������
��	�&+��

�!
��%��L��
	 5 	�8� ���A9�
�A�8�9
0�8!��/�A� ELE-ADR2000 DC9
�����������+
	����!��
�#!

�8����/ 2000 kN

���8�9 4.2 %�!
�������
��
��	���	���$�
+���!���%	�%�	!������A9�
 ELE-ADR2000

��	�������
	�������	���:�	�,�$�
 67.5 mm %$& L/D = 2.5 ��	�&+���!����
����	A9�
�	��&8�9
+C
%�


�!��
�#!8�9��		��	�&8	�!� ��A����	���	C9
�����%��������
��	 %	����%��������
��	�������
8#�

0��	�&���������%$&/�	8C����	L�?+��� ���%��8�9�!������	�������
8��
��!	���&������ 3 0	�! �A� ���

%�����%	����   ��A��������� Extension fracture (!�
���8�9 4.3 %$& 4.4) ���%�����%	��_A�	8�9��

�������	��
�#!%	��!��� (Shear failure) DC9
�&8���#�����
������/%�	��
��	�������
 (���8�9 4.5)    %$&

���%�����%	��_A�	��/ E ��	�������
     DC9
�&%�!

�����	���	������� (Cone) 2 ��	 ����!0	

��	���� (!�
���8�9 4.6) ������������&�,?/���$��;B&���%��8�9���
��		�����$������%�
�!��
�#!����/��


�$����A� ��	�������
�� L/D ��
���� 1.5 ���	
�'��&%��%// Extension failure %$&�&
�����%�
�!��


�#!���	���
�9�� ��	�������
8�9�� L/D �9������ 1.5 ���	
�'��&%��%//������	�&����
 Shear failure,

Cone %$& Extension failure %$&�&��
�$
�����%�
�!��
�#!8�9���	�B�!��������
�C�	 $��;B&�0�		�����!

�C�	�	A9�
�����������!8�	�&����
��	%$&%8�	�! DC9
���$���$��;B&���%����
��	�������
 (��A�

�������� End effect) ����X�!	���&���$��������&��������
�������	
	��	���8�
��&/�� �$

��&8/��
��������!8�		���&�����+����	�� L/D �9�� %$&�&���$	���+�� L/D �������
�C�	 �$��#���


���8!��/8�9�!�	��*!�8�9����&��!�$��
��/�$8�9�!����
�	�����
	���
��&�8:

�$8�9�!�������8!��/�������!
	%�	�!�����
��	���	�!���#����
	����
8�9 4.2

%$&�!�	����%�!

	�����
%�	L��� *!�%�!
����������	%�
�!��
�#!
������
	�����
��� L/D !�


%�!

�����	
	���8�9 4.7 +C
 4.10 ������/��	8�9�����	���:�	�,�$�
�8����/ 22.5, 38.5, 54.0 %$& 67.4 mm

���$��!�/  �&���	�!����%��$&�	�!��
��	�������
�������	%�
�!��
�#! (�c)  �&�����$!$
+�� L/D

�������
�C�	  ���$!$
	�������+���	�!�0�!+C
%���&�����%�����	��
�#B��/�����




32

"�����0� 4.1 �	�!%$&������
��
��	�������
8�9��!������������/���8!��/%//%�
�!
	8�
�!���

Specimen Diameter (D)

(mm)

Nominal Length (L)

(mm)

Nominal L/D Number of Samples

5.6 0.25 10

11.1 0.50 10

16.7 0.75 10

22.2 1.00 10

33.3 1.50 10

44.4 2.00 10

22.2

55.5 2.50 10

9.6 0.25 10

19.3 0.50 10

28.9 0.75 10

38.5 1.00 10

57.8 1.50 10

77.0 2.00 10

38.5

96.3 2.50 10

13.5 0.25 10

27.0 0.50 10

40.5 0.75 10

54.0 1.00 10

81.0 1.50 10

108.0 2.00 10

54.0

135.0 2.50 10

16.8 0.25 10

33.6 0.50 10

50.4 0.75 10

67.2 1.00 10

100.8 1.50 10

134.4 2.00 10

67.2

168.0 2.50 10
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"�����0� 4.2 �$���8!��/%//����!%�	�!����?A9����$��&8/��
�	�!%$&������
��


��	�������


Average

Diameter

 (mm)

Average

Thickness

 (mm)

L/D Number

of Samples

Average

Density

(g/cc)

Mean Compressive

Strength, �C

 (MPa)

Standard

Deviation

(%)

22.64 5.46 0.24 10 2.58 184.85 �23.42

22.44 11.41 0.51 10 2.62 101.53 �25.55

22.43 16.89 0.75 10 2.65 81.69 �35.33

22.44 22.49 1.00 10 2.63 49.80 �28.60

22.39 33.29 1.49 10 2.68 52.08 �47.05

22.51 44.26 1.97 10 2.67 45.01 �26.08

22.59 54.69 2.42 10 2.68 36.50 �22.98

38.51 11.27 0.29 10 2.68 237.91 �21.97

38.52 23.12 0.60 10 2.63 122.13 �27.76

38.51 35.86 0.93 10 2.62 62.15 �53.61

38.51 49.02 1.27 10 2.64 89.23 �30.99

38.52 61.83 1.61 10 2.66 60.13 �33.53

38.54 77.92 2.02 10 2.69 83.62 �46.79

38.55 96.46 2.50 10 2.69 36.79 �57.93

53.93 13.82 0.26 10 2.61 96.71 �12.87

53.93 28.02 0.52 10 2.67 61.71 �43.93

53.96 40.37 0.75 10 2.68 35.42 �19.89

53.94 54.39 1.01 10 2.70 42.91 �22.00

53.94 81.07 1.50 10 2.50 50.04 �32.29

53.95 100.99 1.87 10 2.69 51.05 �34.14

53.98 128.94 2.39 10 2.71 61.40 �20.36

67.43 17.71 0.26 10 2.66 227.57 �20.41

67.37 33.37 0.50 10 2.69 80.25 �17.32

67.48 50.36 0.75 10 2.69 45.15 �18.74

67.42 66.11 0.98 10 2.69 53.69 �29.69

67.35 99.91 1.48 10 2.70 55.28 �24.03

67.41 132.77 1.97 10 2.73 43.88 �29.42

67.44 166.78 2.47 10 2.73 52.45 �27.95
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����0� 4.2 �������
��	���	���	�! D = 67.5 mm %$& L/D = 2.5 ���$�
+����!����
	���A9�
 ELE-ADR2000


	���8!��/%�
�!��
�#!
	%�	�!��� (Uniaxial compressive strength test)
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����0� 4.3 �������
��
��	���	���	�! D = 67.5 mm %$& L/D = 2.5 +���!���%	�%�	�	%��

%// Extension Failure

Extension fractures
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����0� 4.4 Extension fractures ���%	�%�	��
��	�������
8�9�����	���:�	�,�$�
 D = 67.5 mm %$&

L/D = 2.0
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����0� 4.5 Shear failure 8�9���!�������!
	%�	�!�����
��	���	8�9�����	���:�	�,�$�
 D = 67.5 mm

%$& L/D = 2.5 ?A�	�&	�/��
%	��_A�	8���#���&��B 30� ��/%�	��
��	�������
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����0� 4.6 ���%�����	������� (Cone) ��
��	���	8�9���!�������!
	%�	�!��� ��	�������
��

���	���:�	�,�$�
 D = 67.5 mm %$& L/D = 1.0
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����0� 4.7 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9�����	���:�	�,�$�
�8����/ 22.5 mm %$&�� L/D ratio ��	%�����

0.25 +C
 2.5 ����������	%�
�!��
�#!��
��	�&$!$
 +����	���	�!����C�	 ��A� L/D ��


�C�	 !�
%�!

�����	!�������������$�


Uniaxial Compressive Strength of Saraburi Marble

D = 22.5 mm, L/D = 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5

�C = 61.967(L/D)-0.6850

R2 = 0.7060

0

50

100

150

200

250

300

350

0.0 0.5 1.0 1.5 2.0 2.5 3.0

L/D

U
ni

ax
ia

l C
om

pr
es

si
ve

 S
tr

en
gt

h,
 �

C
 (M

Pa
)



40

����0� 4.8 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9�����	���:�	�,�$�
�8����/ 38.5 mm %$&�� L/D ratio ��	%�����

0.25 +C
 2.5 ����������	%�
�!��
�#!��
��	�&$!$
 +����	���	�!����C�	 ��A� L/D ��


�C�	 !�
%�!

�����	!�������������$�


Uniaxial Compressive Strength of Saraburi Marble

D = 38.5 mm, L/D = 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5

�C = 82.713(L/D)-0.7427

R2 = 0.5541
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����0� 4.9 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9�����	���:�	�,�$�
�8����/ 54.0 mm %$&�� L/D ratio ��	%�����

0.25 +C
 2.5 ����������	%�
�!��
�#!��
��	�&$!$
 +����	���	�!����C�	 ��A� L/D ��


�C�	 !�
%�!

�����	!�������������$�


Uniaxial Compressive Strength of Saraburi Marble

D = 54.0 mm, L/D = 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5

�C = 51.943(L/D)-0.1969

R2 = 0.1250
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����0� 4.10 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9�����	���:�	�,�$�
�8����/ 67.4 mm %$&�� L/D ratio    ��	%��

��� 0.25 +C
 2.5 ����������	%�
�!��
�#!��
��	�&$!$
 +����	���	�!����C�	 ��A� L/D

��
�C�	 !�
%�!

�����	!�������������$�


Uniaxial Compressive Strength of Saraburi Marble

D = 67.4 mm, L/D = 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5

�C = 62.374(L/D)-0.6045

R2 = 0.5631

0

50

100

150

200

250

300

350

0.0 0.5 1.0 1.5 2.0 2.5 3.0

L/D

U
ni

ax
ia

l C
om

pr
es

si
ve

 S
tr

en
gt

h,
 �

C
 (M

Pa
)



43

��	/!/�
����/��
 ��������&��8-�R�����A!��#�	%$&��� Poisson’s ratio DC9
��!�!�����������
��	8�9�����	

���:�	�,�$�
�8����/ 67.4 mm ������8����/ 37.7 GPa %$& 0.19 ���$��!�/

�?A9�8�9�&�-�/�����$!$
��
��� �c �0�
����$���� L/D 8�9��
�C�	 ����������$�
�!�+��

��	��C�	 �A�

�c = � (L/D)-� (4.1)

*!�8�9 �c  �A�  ����������	%�
�!��
�#!��
��	 L/D     �A� �����������	�&����
�������������	���

:�	�,�$�
��
��	�������
 �  �A���������&��8-�R��
�������	 %$& � �A� ��������&��8-�R��
������


��
��	�������
 ��� � �&��������	$/���� �?��&���V��
�������	%�
�!��
�#!�&$!$
��A9� L/D ��


�C�	 ��� � %$& � �&�C�	��/�#B��/�����
��	%��$&0	�! ��������&��8-�R��
�������9���	A9�
 (R2) �&��

������	���
�9�� 8��
	�����!�	A9�
��������	%����
�#B��/���8�
!��	�$:����,��
��	���	 +C
%���&��

�	�!�8����	%$& L/D �8����	����� �$8�9�!�	���&+��	����������&�,�?�9������?A9����������?�	-,�&����


���8!��/0#!	����/�$8�9�!�������8!��/�#!�!%//���/��$�9�	

���8�9 4.11 +C
 4.17 %�!
 �c 
	VW
�,0�	��
���	���:�	�,�$�
��
��	�������
������/ L/D 8�9

�������� 0.25 +C
 2.5 ���$��!�/ �$8�9�!�/�
/������$��&8/��
�	�! (��A����	���:�	�,�$�
) ��
���

����
��	������ �c 	��	���0�!��	     ��A�����&?�!�!�����$��&8/��
�	�!��
��	8�9�����	���:�	�,

�$�
����
	0��
 22.5 mm +C
 67.4 mm ��	�����A�������$� ����
��������	A9�
��������	%����
�#B

��/���8�
!��	�$:����,��
��	���		����������	���
��
 DC9
����&/!/�
�$��&8/��
�	�!��
��	

�������
����� ����$��������
	���
��&�8:���A	��	��� �$��&8/��
�	�!��� �c �������&���	��	

0	�!
!�&�����	���
	��� �?��&���%����
��	
	���%//%	��_A�	 (Shear failure) �&���$��&8/

����	�!��
��	�������
	��������A9��8��/��/���%��%//!C
 (Extension��A� Tension)

�?A9����
���:C�;��?�9���������$��&8/��
�	�!��
��	�������
8�9�����	���:�	�,�$�

	

0��
�&����
 22.5 mm +C
 67.4 mm ����������	%�
�!��
�#!��
��		��	��	�����A�������$�    ���

�����&��8-�R � %$& � �!�+��	����%�!

	VW
�,0�	��
���	���:�	�,�$�
 (D) 
	���8�9 4.18 %$& 4.19

��������$��	���&���	�!����������������?�	-,8�9%	�0�!�&����
��������&��8-�R8��
��
��/���	���:�	�,

�$�
 ���%�����	��
���	��	���&���!������%�����	��
�#B��/���8�
!��	�$:����,��
��		��	

�������8�9�&���!����$��&8/��
�	�!��
��	


	�����<�	8�9��� �������	%�
�!��
�#!��
��	 (�c) �&����C�	��/�	�!��
��	
	0��


D = 22.5 mm +C
 D = 67.4 mm !�
�$������
��	 ��� �c 8�9�!����%��$&�	�!%���� L/D ���A�	��	

�����+	���������	%$&�_$�9�������$�
�?A9�	�������	���%8	
	%��$& L/D ���	��	�!�	����%�!

	

VW
�,0�	��
  L/D  
	���8�9 4.20  
	���	���&���	�!��������������$�
�&���������?�	-,8�9!��C�	��/
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����0� 4.11 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9�� L/D ratio  �8����/ 0.25   %$&�����	���:�	�,�$�
��
8�


��&/����	%����� 22.5 +C
 67.4 mm

Uniaxial Compressive Strength of Saraburi Marble

D = 22.5, 38.5, 54.0, 67.4 mm, L/D = 0.25
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����0� 4.12 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9��  L/D ratio  �8����/ 0.5    %$&�����	���:�	�,�$�
��
8�


��&/����	%����� 22.5 +C
 67.4 mm

Uniaxial Compressive Strength of Saraburi Marble

D = 22.5, 38.5, 54.0, 67.4 mm, L/D = 0.5
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����0� 4.13 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9��  L/D ratio  �8����/ 0.75  %$&�����	���:�	�,�$�
��
8�


��&/����	%����� 22.5 +C
 67.4 mm

Uniaxial Compressive Strength of Saraburi Marble

D = 22.5, 38.5, 54.0, 67.4 mm, L/D = 0.75
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����0� 4.14 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9��  L/D ratio  �8����/ 1.0    %$&�����	���:�	�,�$�
��
8�


��&/����	%����� 22.5 +C
 67.4 mm

Uniaxial Compressive Strength of Saraburi Marble

D = 22.5, 38.5, 54.0, 67.4 mm, L/D = 1.0
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����0� 4.15 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9��  L/D ratio  �8����/ 1.5    %$&�����	���:�	�,�$�
��
8�


��&/����	%����� 22.5 +C
 67.4 mm

Uniaxial Compressive Strength of Saraburi Marble

D = 22.5, 38.5, 54.0, 67.4 mm, L/D = 1.5
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����0� 4.16 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9�� L/D ratio �8����/ 2.0 %$&�����	���:�	�,�$�
��
8�


��&/����	%����� 22.5 +C
 67.4 mm

Uniaxial Compressive Strength of Saraburi Marble

D = 22.5, 38.5, 54.0, 67.4 mm, L/D = 2.0
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����0� 4.17 �$8�9�!�������8!��/%//%�
�!
	%�	�!��� (Uniaxial compressive strength test) ��


��	���	�����
���!��&/#��8�9��  L/D ratio  �8����/ 2.5    %$&�����	���:�	�,�$�
��
8�


��&/����	%����� 22.5 +C
 67.4 mm

Uniaxial Compressive Strength of Saraburi Marble

D = 22.5, 38.5, 54.0, 67.4 mm, L/D = 2.5
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����0� 4.18 ��������&��8-�R��
�������	 � 	����%�!

	VW
�,0�	��
���	���:�	�,�$�
 (D) �&���	�!�

���������������?�	-,8�9%	�0�!�&����
��� � %$& D
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����0� 4.19 ��������&��8-�R��
�������	 � 	����%�!

	VW
�,0�	��
���	���:�	�,�$�
 (D) �&���	�!�

���������������?�	-,8�9%	�0�!�&����
��� � %$& D
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����0� 4.20 ����������	%�
�!��
�#! 	����%�!

	VW
�,0�	��
 L/D 
	%��$& L/D �!�
0�����_$�9�8�9

8!��/�!������	8#��	�! (8#����	���:�	�,�$�
) �&���	�!�����������?�	-, (��A�

�����&��8-�R��
�������9���	A9�
) ��
����������$�
�&����
��� �c ��/��� L/D �����!��C�	

��A9��8��/��/���8�9 4.7 +C
���8�9 4.10

Uniaxial Compressive Strength of Saraburi Marble

L/D = 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5

�C = 66.348(L/D)-0.5254

R2 = 0.7684
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�$8�9�!�������8!��/ �$8�9�!�	���&	����������&�,*!�$&����!
	/8����� �?A9�	����0���
	�������


8H;I�
���������/���8!��/�#!�!%//���/��$�9�	

4.1.2 �������
����"#������%��


��k	�

���8!��/�������	%�
!C
%///��D�$ (Brazilian Tensile Strength Test) �����+#��&�
�,

�?A9�:C�;��$��&8/��
�	�!��
��	�������
�������������	%�
!C
��
��	 (Tensile strength) �$8�9

�!��&�����������'
	���	����������&�,��&��/��/�$��
���8!��/�#!�!%//���/��$�9�	 ���	���

:�	�,�$�
��
��	�������
�&+����	%����� 22.2, 38.5, 54.0  ���	+C
 67.0 mm  *!�8�9��� L/D ratio


�����	����
8�9�8����/ 0.5  
	%��$&�	�!�&����	�������
 10 0��	 !�
%�!

�����	
	����
8�9 4.3

��-����8!��/�!�!���	�	�������<�	 ASTM D3967 
	���8!��/	����	�&+���!���

%	����	���:�	�,�$�
!���%�
�!8�9�?�9��C�	
	������
8�9 ��	�&+���!�	��&8�9
%��%$&%����������	

���	��
���	���%	����	���:�	�,�$�
��
%	��!	��	 %�
���	�����!��
�#!8�9��!�!��&	�������	�B

������������	%�
!C
��
�#!
	%	����
_����/%	��!��
��		��	 �$8�9�!�������8!��/�!�+����#�

���
	����
8�9 4.4 ���8�9 4.21 %�!

�����	�������
��	8�9+����!�������?A9����8!��/%// Brazilian test

���8�9 4.22 %�!

�����	+C
�������
��	
	���A9�
�!8�9���$�
+���!���%	����	���:�	�,�$�
 ���8�9 4.23

%�!
�������
��	/�
���	�$�
���8�9�!�8!��/%$�� DC9
�&�����+���	���%��%//���!C
���%	�

���	���:�	�,�$�
��
����!��		��	

�����8�9	����
0��?A9����	�B������������	%�
!C
��
�#!��
��	�������
 �A�

�B = 2P/(�.D.t) (4.2)

*!�8�9  �B =    �������	%�
!C
��
�#!%///��D�$ (Brazilian tensile strength)

P =    %�
�!��
�#!������	���:�	�,�$�


D =    ���	���:�	�,�$�
��
��	�������


t =    �����	���
��	�������


���8�9 4.24 %�!
�$��
���8!��/����������	%�
!C
��
�#! �!�+��	����%�!

������
	

�����
�����	%����
���	���:�	�,�$�
 �$8�9�!�/�
/��+C
�$��&8/��
�	�!����������	%�
!C


��
��	   ����������$�
�!�+��	����
0��?A9�����
�������?�	-,�&����
�������	%�
!C
��/���	���:�	�,

�$�
 �A�

�B   =   A(D)-B (4.3)
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"�����0� 4.3 �	�!%$&������
��
��	�������
8�9��!�������?A9�8!��/�������	%�
!C
��
�#!

%///��D�$ (Brazilian Tensile Strength Test)

Core Diameter (D) Nominal Length (L)

(mm) (mm)

Nominal L/D Number of Samples

22.2 11.1 0.5 10

38.5 19.3 0.5 10

54.0 27.0 0.5 10

67.0 33.5 0.5 10
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"�����0� 4.4 �$8�9�!�������8!��/%�
!C
��
�#!%///��D�$

Average Disk

Diameter

 (mm)

Average

Thickness

 (mm)

L/D Number

of Samples

Average

Density

(g/cc)

Mean Tensile

Strength, �B

(MPa)

Standard

Deviation

(%)

22.43 11.19 0.50 10 2.64 5.11 �22.68

38.51 19.07 0.50 10 2.65 4.87 �21.26

53.96 27.48 0.51 10 2.65 3.57 �22.47

67.39 34.09 0.51 10 2.66 3.57 �21.56
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������ 4.21 �������	
�	��
���
��	���
�����

�����	��
 ��� L/D �	���������� 0.5 ������������
��
��!��

��������������"�#
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������ 4.22 ��
�������	���
$���%��%
���!��	����!���������	��	��	�&�������"�# ��
�'��������

�
���(
)��*�
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������ 4.23 ��	���

�	��
�������	%
�#��

��"��	6�(�����������"�# �#(���
�������	�����

�������
���(
)��*�
�+�#�	 ��!�����
������
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����0� 4.24 �$8�9�!�������8!��/%�
!C
%///��D�$��
�������
��	���	8�9�����	���:�	�,�$�
���
 E

��	  ����������	%�
!C
��
�#! (�B) +��	����%�!

	VW
�,0�	��
���	���:�	�,�$�
 (D)

Brazilian Tensile Strength of Saraburi Marble

D = 22.5, 38.5, 54.0, 67.4 mm, L/D = 0.5

�B = 16.439(D)-0.3695

R2 = 0.3207
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*!�8�9 �B �A� ����������	%�
!C
��
�#! D �A� ���	���:�	�,�$�
��
��	 A  %$& B �A� �����&��8-�R��


�������	 %$&��
���	���:�	�,�$�
���$��!�/ DC9
��������&��8-�R	���&�C�	������/�#B��/�����
��	%��$&

0	�! �$8�9�!�/�
0�!�����	8�9���	�!
�'��C�	�&���������	%�
!C
$!$
  �$8�9�!�	����!�$��
��/��������

�A9	 E 
	���
��&�8: ����������$�
	���&+��	����
0��?A9�����
�������?�	-,�&����
���8!��/%//

Brazilian test ��/���8!��/�#!�!%//���/��$�9�	 ��������&��8-�R��
�������9���	A9�
 (R2) 8�9�!����

���8!��/%//  Brazilian test  ��������	���
�9��    DC9
���	�$����������	%����
�#B��/���8�
!��	

�$:����,��
��	���	8�9	����
0�   ����
����������$!$
��
����������	%�
!C
��
�#!
	�B&8�9

�	�!��
��	
�'��C�	����
�����+���	�!�����
0�!��	 �$8�9�!�������8!��/	���&	����
0��?A9�����


�������?�	-,��/�$8�9�!�������8!��/�#!�!%//���/��$�9�	
	/8�����

4.1.3 �������

�����

��j���	�

�#!��&�
�,��
���8!��/�#!�!%//!��
�!�� (Conventional point load test) �A� �?A9�

����
<�	�����$%$&�?A9�	���������/�8��/��/�$8�9�!�������8!��/�#!�!%//���/��$�9�	 
	���

8!��/�/A��
��	�#B$��;B&��
��	�������
8�9��!��������
	���8!��/	���!�%�!
���
	����
8�9 4.5

���	���:�	�,�$�
��
�������
��	���	8#���	�&+������	!����
8�9�8����/ 67.4 mm ���	��������	� (t)

�&+����	%����� 5.0, 7.5, 10.0, 15.0, 20.0, 30.0 ���	+C
 40.0 mm ���8!��/�&��&8��*!�
0���-�

����<�	 ASTM D5731 ���A9�
�A�8�9
0��A� SBEL PLT-75 DC9
��%�
�!��
�#!�8����/ 75,000 ��	!,

(���8�9 4.25)  �������
��	�&+���!8�9�#!�C9
�$�
���%	�%�	��
8�
��&/�� (���8�9 4.26) �	��&8�9


�������
��		��	%��%$&%��������	 2-3 0��	 (���8�9 4.27) ���%�
�!��
�#! (P) �&+��	�������	�B�����

!�0	��#!�! (Is) *!�
0���-�������	�B 2 ��-��A�

Is  =  P/t2 (4.4)

%$& Is    =    P/(D.t) (4.5)

*!�8�9 Is �A� ���!�0	��#!�! P �A����%�
�!��
�#!8�98��
����	%�� t �A���������	���
�������
��	 (��A�

�&�&���
�&����
�#!�!) %$& D �A�������	���:�	�,�$�
��
�������
��	

������	�B*!�
0������8��
��
%//	�����#!��&�
�,�?A9�	���������/�8��/�$��
!�0	�8�9

���	�B�!� �����8�9 (4.4) �!�+��?�@	��C�	*!�������	C
+C
�	�! ��������
 ��A����	���:�	�,�$�
��


�������
��	 
	�B&8�9�����8�9 (4.5) !�0	��#!�!�!�+��?�@	��C�	*!�	��8��
�����	�%$&���	���:�	�,

�$�
������?����B�!��� ����
8�9 4.5 ��#��$8�9�!����������	�B���8!��/�#!�!%//!��
�!��*!�
0�

�����8�9 (4.4) %$& (4.5)
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"�����0� 4.5 �$8�9�!�������8!��/�#!�!%//!��
�!�� (Conventional Point Load Tests)

Average

Disk

Diameter

 (mm)

Average

Thickness

(mm)

t/D Number

of

Samples

Average

Density

(g/cc)

Mean Point

Load Index,

IS=P/t2

(MPa)

Standard

Deviation

(%)

Mean Point

Load Index,

IS=P/Dt

(MPa)

Standard

Deviation

(%)

67.36 5.69 0.08 10 2.61 53.71 �10.74 4.52 �12.47

67.44 7.88 0.12 10 2.59 38.54 �19.06 4.51 �17.42

67.44 10.66 0.16 10 2.63 28.54 �15.27 4.50 �12.37

67.47 15.89 0.24 10 2.61 19.13 �24.76 4.45 �20.31

67.40 19.63 0.29 10 2.69 14.26 �14.43 4.11 �9.12

67.37 30.20 0.45 10 2.70 9.93 �17.52 4.47 �21.07

67.39 39.38 0.58 10 2.69 7.35 �14.70 4.29 �13.74
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������ 4.25 ���!��	�!������ SBEL PLT-75 %;(%
���������&��� ����	����	�&���	 75,000 ,�
�+
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����0� 4.26 ���8!��/�#!�!%//!��
�!�� (Conventional point load testing) �������
��	���	

���8�
��&/��+���!���%	�%�	!������A9�
 SBEL PLT-75

Test specimen
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���8�9 4.28 %�!
���!�0	��#!�!
	VW
�,0�	��
 t 8�9���	�B����������8�9 4 �&���	�!����

���!�0	��#!�!�&�����$!$
+�������	���
�������
��	���������C�	 DC9
�����+%�!

�����	�0�


�B��:����,!�
�����8�9%�!
���
	���

���8�9 4.29 %�!
���!�0	��#!�!
	VW
�,0�	��
�����	� t 8�9���	�B����������8�9 (4.5)

�$�
���	��8��
���	���:�	�,�$�
%$&�����	�������?����B�
	������	�B ���!�0	��#!�!8�9���	�B�!�

�&����C�	��/�����	���
�������
��	 ���!�0	��#!�!
	��B�	���&����8�9��&��B 4.5 MPa

�$8�9�!�������8!��/!�0	��#!�!%//!��
�!��	���&	����
0����	<�	�����$�?A9������/

�8��/��/���8!��/�#!�!%//���/��$�9�	
	/8�����

4.1.4 �������
�����=�������

���8!��/%�
�!
	���%�	 (Triaxial compressive strength test) �����+#��&�
�,�?A9�

:C�;������$�
��!
	���%�	��
��	���	��&/#�� DC9
���8!��/	�����	���8!��/��	�������

	

�L��&����!�	$�����/�?A9����	<�	�����$
	���������&�,�$8�9�!�������8!��/�#!�!%//���/

��$�9�	 
	���8!��/�!�
0��������
��	���	��&/#�����8�
��&/�����	�	8��
���	 5 �������
 �	�!

���	���:�	�,�$�
 54 mm %$& L/D = 2

��-����8!��/�!�!���	�	�����������<�	 ASTM D2664 %$& ISTM (1981) ���A9�
�A�

8�9
0�
	���8!��/��&��/!��� ���A9�
�! �W����*!�$��������/
������!�	$�����/�
8�9�#�	 WF

40070 %$&�D$$, (Cell) %// Hoek-Franklin L��
	�&���$����
������/�#�����
��	�������
��	���

���DC���
	�����	��*!�$�� ��	�������
�&�!���/����!�	$�����/ (�3) ��������!����!�	*!��W��

��*!�$��!�������!�	 250, 500, 1000, 2000 %$& 3000 psi ��
%��$&��	�������
 %$��8�����8!��/

�!���%	�%�	��
8�
��&/��!������������
8�9�	��&8�9
+C
�#!��/��� DC9
�&�!�����������	%�
�!


	%	�%�	 (�1)

�$8�9�!�������8!��/%�
�!
	���%�	��
��	���	�!���#����
	����
8�9 4.6 
	���

8!��/?/%	����%��������
��	�������
���	���%�����%	��_A�	DC9
�&8���#�����
������/%�	

��
��	�������
 (���8�9 4.30)  %$&�!�%�!
�$
	�����
%�	L����������?�	-,�&����
����������	%�


�!
	%	����
%$&����������	%�
�_A�	 (���8�9 4.31) DC9
%�!
�������?�	-,!�
�����


 =  c + �ntan� (4. 6)

*!�8�9 
   =  �������	%�
�_A�	

c   =  �������	�C!��!

�n  =   �������	%�
�!
	%	����


�   =  �#���������!8�	
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������ 4.28 )#������������&���������	���� �����;
��&�������$�
�F?��%;(����� Is = P/t2

Point Load Strength Index of Saraburi Marble

D = 67.4 mm, t  = 5.0, 7.5, 10.0, 15.0, 20.0, 30.0, 40.0 mm 

IS = P/t
2

IS = 318.58 (t)-1.0301

R2 = 0.9513
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