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ABSTRACT

The point load testing is widely used to determine rock strength indeces in geotechnical
practices as a result to simplicity. The present study presents correlation equations between
the unconfined compressive strength (g,) and point load strength index Issp adopted for
different types of rocks. In order to estimate a new correlation between the unconfined
compressive strength and point load strength test, more than 166 tests were performed. The
tests were conducted on four rock types including Sandstone, Siltstone, Limestone and Basalt.
The soil samples were collected from different sites along the new administrative capital of
egypt. The study shows a reliable correlation between the unconfined compressive strength
estimated from the two test approaches.

KEYWORDS : Unconfined Compressive Strength (), Point Load Strength Index | sso),
Basalt, Limestone, Sandstone, Siltstone.

1. INTRODUCTION

The new administrative capital of Egypt is considered a large-scale project. With the growing
construction rates, understanding the compressive strength of rocks in the new capital is
become a necessary. one of the most important rock parameters is the unconfined
compressive strength (qy). It is used widely in rock classifications such as Rock Mass Rating
(RMR) and geotechnical design of various development projects. unconfined compressive
strength has been standardized by both the international society of rock mechanics (ISRM)
[1],[2] and American society for testing and materia S(ASTM) [3],[4]. the method is time
consuming and expensive. unconfined compressive strength testing becomes harder due to
geometric parameters that they are not allowed by the code to performed on them, or some
rocks may fail in the preparation stage before performing the (qy) test there are indirect tests
such as Point Load Strength Index that cara be used in predecting the unconfined compressive
strength. Thistest is easier to carry out because it necessitate or no sample preparation and the
testing equipment is less sophisticated and can used easily in field. Therefore, the man
purpose of this research is to perform empirical relations between unconfined compressive
strength (qu) and the point load strength index Issp of various rock types of new
administrative capital. the next table 1 shows in detail the core locations in coordinates with a
summary about them and shows the contribution of samples by type and contribution of
samples by Place where Figure 1
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Table 1: Summary of Borehole L ocations and Data

Maximum No of
Area Stone Thickness L atitude Longitude samples
name
Capital Lime Stone 4m 30°3'14" N 31°50'24"E £y
I nter national
Airport
Government Sand Stone 0.9m 30°0'49"N 31°45'5"E v
Square
I conic Basalt 39m 29°58'55"N 31°44'2"E £y
Tower
Sports Silt Stone 0.5m 30°0'16"N 31°35'5"E ve
Zone
Villas Lime Stone 1.7m 30°1'42"N 31°40'53"E Yy
Zone
Total Number of Samples yan
Sample Contribution Sample Contribution
By Place By Type

@ (b)
Figure 1: Sample Contributions (a) by Place, (b) by Rock Type.

1. PREVIOUSSTUDIES

An interesting study was conducted by Broch and Franklin, 1972 [5] studied the correlation
between compressive strength and point load strength of rocks on fifteen rock types. The
results being corrected to a reference diameter of 50 mm. Figure 2 shows a straight line
correlation whose slope of 23.7, is rounded to 24, and corresponds to the ratio of uniaxial
compressive strength to point-load strength, averaged for the fifteen rock samples; Mohamad,
Edy Tonnizam [6] discussed the relation between unconfined compressive strength and point
load strength and expressed this relation by Figure 3 shows a straight line; Singh, T. N.,
Ashutosh Kainthola, and A. Venkatesh [7] discussed the relation between unconfined
compressive strength and point load strength Figure 4 shows that the relation that the relation
is different for different rock types, rather than being consistent for all the rock types. This
may be due to the anisotropic nature of the rocks as well as their failure behavior under
loading condition; ISRM, 1985 [2] has given conversion factors of 20 and 25 between (qu)
and Issp); numerous studies have investigated the correlations between point load strength
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index 1ss0) with unconfined compressive strength (qy), the most correlations in literature were
summarized in Table 2 , These equations give quite results, athough a few of them show
wide variation. However, there is a need for more experimental work for better correlation,
particularly for different types of rocks.
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Fig. 4: Relationship between (qu) and (1 S50)
by T. N. Singh, Ashutosh Kainthola

Table (2) Correlating equationsfor q, and s, given by previousresearchers
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2. Experimental Program
The tested rock samples were collected from various sites located at the city of the new
administrative Capital, Egypt. unconfined compressive strength tests were performed with
accordance ASTM D7012-14[1] at Housing and Building National Research Center (HBRC),
and the samples had length to diameter > 2. UCS value is determined by the following
equation: -
il

Qu="7 (1)

Where peak load (p) to initial cross sectional area (A).

Moreover, ISsg tests were carried out with accordance ASTM D5731-16 [4] by diametral
method, the point load is considered an index text, and it alows the determination of the
uncorrected point load strength index, which must then be corrected to the standard equivaent
diameter (Dg) of 50 mm Peng and Zhang, 2007 [21]. Four types of rocks were used in
experiment, coming from different locations of new administrative Capital of Egypt, 1Sso)
value is determined by the following equation: -

2)

| Ss0)= F < I
the “size correction factor F’ can be obtained from the
chart infig. 5, or from the expression:

F=(D¢/50)** 3)
|s= P/ D%, MPa
Is = Uncorrected point load strength index
p=failureload, N

F =Size Correction Factor

D%= D x D’ for cores, mm?
De = equivalent core diameter = D for diametral tests
Table (2) Correlating equationsfor q, and Is; given by previousresearchers

Author(9) Country Rock type Correlating equations
[5] Broch and Franklin (1972) UK Various UCS=23.7Is5
[6] Mohamad, Edy Tonnizam —_— UCS 12:291 1s50+ 5 :892
[Y] T. N. Singh, Ashutosh Kainthola —_— Various UCS=14-24 Isy
[Y] 1SRM (1985) UCS=20-25 Isg
[8] Bieniawski (1975) South Africa Sandstones UCS=23971s0
[9] Hassani et al. (1980) UK Sedimentary rocks UCS=29 Isy
[Y*] Read et al. (1980) Australia Sedimentary rocks UCS=20 Is
[1] Hawkins and Olver (1986) UK Limestone UCS=26.5 Isp
[12] O’Rourke (1988) USA Sedimentary UCS =30 Isg
[13] vallgjo et al. (1989) USA Sandstone UCS=174 |
[14] Singh and Singh (1993) India Quartzite UCS=234 Is
[15] Das (1985) Canada Siltstone UCS=14.7 Isyp
[16] Smith (1997) Various Sandstone/limestone UCS=24 s
[17] Rusnak and Mark (1999) USA Shale UCS=21.8 lIsyp
[18] Kurtulus, C., A. Bozkurt, H. Endes(2012) Turkey Various UCS = 14,458l 55 + 0,3852
[19] Salah, Maher, Abdallah(2014) United Arab Sandstones UCS = 11.24 I
[20] Ehsan Momeni, Ramli Nazir(2015) Malaysia UCS (MPa) = 13.54 I5sp) + 14.93

456

JAUES, 14, 51 2019




PREDICTION OF UNCONFINED COMPRESSIVE STRENGTH OF ROCKSBY POINT LOAD STRENGTH INDEX

1.6 -
1.9
1.2
1.0
0.8
.6
O.4 -

F STZE CORRECTION FACTOR

o.2

o 20 40 &0 80 100 120 140

Dg fequivalent) CORE DIAMETER {rmmm)

FIG.5 Size Correction Factor Chart

3. TEST RESULTSAND DISCUSSION

In order to estimate with new correlation between unconfined compression strength and point
load test, to achieve the proposed objectives of the study, more than 166 tests were performed
al samples were acquired from the of new administrative capital of Egypt. Regression
equations were established among rock parameters and correlations were expressed The plots
of 0y versus Issg in Figs. 6, 7, 8 ,9 clearly indicate that the relation is dissimilar for different
rock types ,this may be attributed to mineralogical, textural, and deformational factors. Thereis
alinear correlations between the compressi ive strength, point load strength index. The average
values of the correlation coefficient (R is0.90, that it indicates a fairly strong correlation.
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Fig. 6: Relationship between (Qy) and (I Ssp)
for Basalt rock
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Fig. 7: Relationship between (qu) and (1 S50)
for Lime Stone rock

457 JAUES, 14, 51 2019



PREDICTION OF UNCONFINED COMPRESSIVE STRENGTH OF ROCKSBY POINT LOAD STRENGTH INDEX

q, =13 {15, +4

g o e
= s
= ™ -"J{
w * e

T e

- /t/

2 g

7, _,-'{"'

= *

E 1 _,/- .

I o

=

=

=

=

[ ] [Et] 1 1.1 1.7 L3 14 1.5

Point Load [I55). (MPA)

Fig. 8: Relationship between (Qy) and (I Ssp)
for Sand stonerock

g, =515, +6

Uneonfined Car pracsl pa Strangth, | MA)
".IL-Q
w
K

=} 3] a3 REL] [ REL] as 3] a
Haoint-Load (15 ] { MPA)

Fig. 9: Relationship between (q,) and (1 Ssp)
for Silt stonerock
4. CONCLUSIONS
& Thereis alinear correlation between the unconfined compressive strength and point
load strength index for the tested rocks.
b- This study for different types of rocks to predict unconfined compressive strength
using Point Load Strength Index.the following con be concluded as follows:-
1- The Relationship between (q,) and (1Ssp) for Basalt is:

Qu=7.5(Ss0) + 15
2- The Relationship between (qu) and (1Sso) for Lime Stoneis:

Qu=9 (ISs0) + 12
3- The Relationship between (q,) and (1Ssp) for Sand Stoneis:

Qu=13(1Ss) +4
4- The Relationship between (qy) and (I1Ssp) for Silt Stoneis:

Qu=5(ISs0) + 6
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