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Gaziantep Limestone
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ABSTRACT

In this study, the correlation between the uniaxial compressive strength and unit side
resistance of Gaziantep limestone was investigated experimentally for dry and fully saturated
conditions. The results were compared with the methods given in the literature which
correlate these two parameters. The linear correlations significantly overestimated the
measured side resistance values for all tests while the non-linear methods generally
overestimated the unit side resistance under fully saturated conditions but provided a
reasonable estimation for dry samples. As a result, a linear correlation and non-linear
correlation ranges for estimating the unit side resistance of such limestones were also
suggested.
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1. INTRODUCTION

Construction of rock-socketed piles is a preferable method in geotechnical engineering
especially in case of an available rock layer at a reasonable depth below foundation.
Generally, a higher bearing capacity is provided by such piles besides significantly smaller
settlements as compared to those of floating piles. The magnitude of bond strength between
concrete and rock surface, namely the unit side resistance of rock (qs), is a key factor in
determining the bearing capacity of such piles. For this reason, there are various studies
conducted for estimating the unit side resistance of rocks. Generally, the unit side resistance
of rocks was correlated with their uniaxial compressive strength (o.) in these studies. The
correlations are generally classified in two groups as linear and non-linear correlations.
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The linear correlations are in the general form of Eq. (1) where “A” is the linear correlation
coefficient and dependent on the rock type. The equations suggested by [1], [2], [3] and [4]
may be given as examples of such linear correlations.

qs = Axo (1

On the other hand, the non-linear correlations are in the general form of Eq. (2) where “C”
and “b” are coefficients dependent on the rock type. The relationships provided by [5], [6],
[71, [8], [9], [10], [11] and [12] may be listed as examples of such non-linear correlations.

qs = Cxo¢ 2)

Alternatively; in some studies such as [13] and [14], the rock mass parameters and socket
roughness were also included in these correlations. However, these methods were not
considered during assessment of the results of this study since the experiments of this
research were performed on intact samples with smooth socket interfaces. Additionally, in a
recent study by [15], the bearing capacity of rock-socketed piles in 4 different cities of Turkey
was investigated through pile load tests.

Gaziantep, the eighth biggest city with leading trade capacity and highest population growth
rate in its region, is located in the south-eastern part of Turkey. Generally, the soil profile of
the city is composed of a surficial loose soil layer underlied by Gaziantep limestone. As a
result, the use of rock socketed piles has become a popular solution for most of the recently
built structures during the rapid construction of the city in the past decade. However,
Gaziantep limestone is a chalky and clayey, porous soft rock as it was explained in detail in
[16]. As a result of this fact, Gaziantep limestone becomes saturated easily which results in
significant reduction of the uniaxial compressive strength (c.) of Gaziantep limestone upon
saturation which was also verified by [17]. The possible reasons of strength reduction
observed in similar porous soft rocks upon water interaction were discussed by [18] and it
was concluded that water saturation reduced the yield stress and failure strength of equivalent
solid matrix due to a decrease in the capillary force of the liquid contact and the softening of
the general rock structure.

Based on this fact; in this research it was aimed to investigate the relation between the unit
side resistance and uniaxial compressive strength of Gaziantep limestone under dry and fully
saturated conditions through an experimental study. For this purpose, firstly an unconfined
compression testing machine was modified to perform these tests in laboratory scale. Then,
24 limestone blocks were taken from a quarry site in Gaziantep. Each block was separated
into two adjacent parts and one part was tested under dry conditions while the other part was
tested under fully saturated conditions. As a result of this study, a linear correlation and upper
bound and lower bound curves as a non-linear correlation range were suggested for
estimating the unit side resistance of Gaziantep limestone. Moreover, the test results were
compared with the selected methods from the literature. These evaluations have revealed that
especially the linear correlations were significantly overestimating the test data while the
non-linear methods generally provided a reasonable estimation for dry samples but
overestimated the unit side resistance under fully saturated conditions.
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2. EXPERIMENTAL STUDY

The experiments of this study were conducted in the soil mechanics laboratory of Hasan
Kalyoncu University. As the first step of the experimental study, 24 limestone blocks having
dimensions of 300x300x150mm (WidthxLengthxHeight) were taken from different places
of a quarry site in Gaziantep. After assigning a number to each block; the blocks were cut
into two adjacent parts having equal dimensions of 150x300x150mm
(WidthxLengthxHeight) making a total of 48 limestone blocks. In this way, it was aimed to
have a dry and a fully saturated test result for each block. Then, a NX size cylindrical sample
(D = 54.7mm) was extracted from the middle of each of the 48 blocks (Figure 1). All the
tests conducted on limestone samples were done in accordance with the suggested methods
in ISRM [19]. The cylindrical samples were first weighed and then oven-dried at least for 24
hours (until constant weight) at 105+3°C. After the drying procedure, uniaxial compression
tests were done for the dry samples of each block. The height/diameter ratio of the samples
were H/D = 150/54.7 = 2.74 and the loading rate was selected as 0.7 MPa/s from the range
given in [19] as 0.5 — 1.0 MPa/s. As a result, the uniaxial compressive strength of each dry
sample from each block was determined.

The rest of the samples were soaked under water and weighed each day until constant weight
(to nearest 0.01g), to ensure the fully saturation of the samples. A representative set of
measurements is presented in Table 1. As it can be seen from this table, all the samples had
become fully saturated in a week. After full saturation, the uniaxial compressive strengths of
these samples were determined experimentally applying the same testing procedure
described for dry samples. As a result, the uniaxial compressive strength of each sample from
each block was determined for fully saturated condition. Additionally, some basic properties
of the tested samples like porosity, water absorption capacity, dry and fully saturated unit
weights were also determined during these tests in accordance with the testing procedures
suggested in [19].

Upon completion of the uniaxial compression tests, the holes at the middle of the blocks
which were drilled during the extraction of the cylindrical samples were filled with a concrete
having 28 days characteristic compressive strength of 30MPa. CEM 1 42.5 cement class was
used for concrete production and the characteristic compressive strength was determined
according to ASTM C39 [20] standard. All the rock blocks were soaked under water for 28
days to obtain the target compressive strength of the infilled concrete. The upper and lower
ends of the cylindrical concrete core was levelled with a suitable cutter before testing in order
to obtain a plane loading surface. After soaking procedure, the unit side resistance tests were
executed for samples under fully saturated conditions while the remaining blocks were tested
after completely dried in the oven. Here it should be mentioned that the soaking procedure
followed for these tests may not fully simulate the situation for dry condition at site.
Nevertheless, same procedure was applied for both dry and saturated samples to ensure
having similar compressive strengths for infilled concrete to be able to obtain comparable
side resistance values. The infilled concrete was intentionally selected to have a higher
compressive strength than the highest uniaxial compressive strength value obtained for the
tested limestone samples in order to ensure the failure of the surface between concrete and
rock to be controlled by the side resistance of rock but not by the side cohesion of the concrete
as it was also discussed in [21], [22] and [23].
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Figure 1 - Adjacent parts of Block-7 and NX size samples taken from the middle

Table 1 - Representative set of measurements for saturation

1%t day 2"dday 3dday 4thday Sthday 6day 7Mday 8" day
Block Completely Dry Saturated Weight (g)

Block 1 613,87 737,78 740,68 742,51 744,03 744,82 744,82 744,82
Block 2 608,67 730,95 734,42 734,45 734,50 736,56 737,32 737,33
Block 3 752,61 838,65 840,52 840,98 841,57 842,13 842,17 842,18
Block 4 755,25 836,45 838,06 838,82 840,45 840,79 840,87 840,87
Block 5 602,08 726,61 730,10 731,73 732,18 733,96 734,16 734,17
Block 6 597,27 721,57 725,33 726,73 728,08 729,84 730,00 730,00

Since the cylindrical sampler had a side wall thickness of 3.00mm, the diameter of the holes
opened to take NX size samples and later infilled with concrete were Dic = 60.7 mm while
the heights of the holes were equal to the heights of the blocks (H = 150mm). An unconfined
compression testing machine was modified for determination of the unit side resistance of
limestone blocks. A circular loading piston having a slightly smaller diameter (Drp = 60mm)
than that of the infilled concrete core (Dic = 60.7 mm) was mounted to the loading system to
load the concrete core in the rock block axially without any friction. Also, a stiff steel box
with a hole in the middle having a diameter slightly wider than that of the concrete core (Dn
= 65mm) was put under the block to allow the slip displacement of the concrete cylinder in
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the rock block (as illustrated in Figure 2). The steel box had a slightly larger surface
(WidthxLength = 170x340mm) than the base of the rock block (WidthxLength =
150x300mm) to prevent any motion of the rock block during testing. The axial loads were
recorded by a 100kN capacity load cell with a sensitivity of 0.001%. A displacement-
controlled testing procedure was applied during the experiments. In order to determine the
suitable displacement rate, tests were conducted on control blocks for both dry and fully
saturated conditions for displacement rates changing between 0.001 — 0.1 mm/s. Since the
obtained side resistance values were changing within a very narrow band (=+5%) for the
tested displacement rate range, the displacement rate was selected as 0.01 mm/s. This rate
was both slow enough to observe the experiment and fast enough to complete it in a
reasonable duration. The displacement of the rock block was also measured by a LVDT
having 25mm axial displacement capacity. The test setup is presented schematically in Figure
2 and a sample view of the test is given in Figure 3. All experiments were continued after
failure, to ensure that the sliding had occurred along the contact surface between limestone
and concrete. An example of the observed slip surfaces is given in Figure 4 in which the
slipped concrete core from rock block can be clearly seen.

The unit side resistance of each block was determined by dividing the ultimate failure load
to the inner surface contact area of each hole at the time of failure. A sample test data is given
in Figure 5. As it can be observed from this figure, the applied axial load (F) was recorded
with the corresponding slip displacement (A) and the unit side resistance was calculated by
dividing ultimate load “F” to the inner surface contact area which is defined as the inner
surface area of the cylinder in contact with concrete core at the time of failure. For instance,
the ultimate load was recorded as F = 13199 N for A = 8.635mm slip displacement for the
test data presented in Figure 5. For this test, the unit side resistance was calculated in Eq. (3)
as:

gs=———— = 191% = 0.49 MPa 3)

mxDicx(H—A)  mx60.7x(150—8.635)

Ih

Loading Piston

—_
(Drp = 60mm)
Infilled Concrete

(Drc = 60.7mm)

— Limestone Block

A o

Figure 2 - Schematic cross-sectional view of test setup
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Figure 4 - A sample view from sliding failure of concrete core
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Figure 5 - Sample test data for Block 6 (Fully saturated condition)

3. RESULTS AND DISCUSSIONS
3.1. General Evaluation of the Test Results

The experiments conducted within this study have revealed that the dry unit weights of the
samples were changing between yary = 16.62 — 21.02 kN/m?, while the saturated unit weights
of the samples were between g = 20.32 — 23.40 kN/m?. The porosity of the tested samples
was in the range of n = 24 — 38% while the water absorption capacity was between w =11 —
22% by weight. The uniaxial compressive strengths of the dry samples were within the range
of 6. = 15.65 — 22.07 MPa while those of the fully saturated samples were between o, = 10.00
— 12.97 MPa. The reduction in the uniaxial compressive strength of Gaziantep limestone
between dry and fully saturated conditions was in the range of 36.10 — 42.86%. These results
were within a comparable range with the results presented in [17].

The experimental results have revealed that the unit side resistances of the completely dry
samples were in between qs = 0.78 — 1.45 MPa for a rock uniaxial compressive strength range
of 6. = 15.65 — 22.07 MPa. As expected, the unit side resistances of the fully saturated
samples were seen to decrease significantly as compared to those of dry samples similar to
the behaviour observed for uniaxial compressive strength values. The unit side resistances of
the fully saturated samples were varying in the range of qs = 0.36 — 0.80 MPa for a uniaxial
compressive strength interval of 6. = 10.00 — 12.97 MPa.

While the percent reduction in the uniaxial compressive strength of Gaziantep limestone
under fully saturated condition as compared to dry condition was in a narrow band of 36.10
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— 42.86%, the percent reduction in the unit side resistance was changing in a wider range
(23.96 — 64.23%). This fact was attributed to the variability in the inner surface structure of
each tested block. Although all of the holes had a smooth and intact contact surface with
concrete core, each had a different inner surface structure due to the chalky, clayey and
porous composition of Gaziantep limestone as discussed previously. Hence, the observed
side resistance reduction due to saturation was not directly comparable with the approximate
40% reduction in the uniaxial compressive strength of Gaziantep limestone upon saturation,
as expected. The results of the uniaxial compression and unit side resistance experiments
were summarized in Table 2.

3.2. Discussion of the Results

As explained before, the main aim in this study was to investigate the correlation between
the unit side resistance and uniaxial compressive strength of Gaziantep limestone under dry
and fully saturated conditions. The relationships given in the literature which correlate the
uniaxial compressive strength of rocks (c.) with their unit side resistance (qs) may be divided
into two main groups as linear and non-linear relationships as it was briefly discussed in the
introduction. In this part of the study, the experimental results were compared with selected
linear and non-linear correlations and discussions were made based on these comparisons.

3.2.1. Comparison of Experimental Results with Linear Correlations

The linear correlations suggested by [1-4] were in the general form given in Eq. (1) and the
coefficient “A” changed between 0.15 — 0.30 (Table 3). The linear correlations suggested by
[1],[2] and [4] were obtained by site measurements on different local rocks (limestone and/or
weak rock) while the correlation given by [3] was developed for a design regulation based
on a larger database of measurements from different rock sites. It should here be stated that,
some of these listed methods may not be originally suggested directly to estimate the unit
side resistance of the limestones similar to the ones tested in this study but nevertheless they
were included in the evaluations to reveal the overestimation of these linear methods for the
studied limestone samples. These linear relationships were plotted on Figure 6, together with
the results obtained from this study. As it can be seen on this figure, even the method with
the least coefficient [3] significantly overestimated unit side resistance of Gaziantep
limestone both for dry and fully saturated conditions. This fact was also reported by [12] for
a large database of unit side resistance values obtained from different types of limestones. As
an alternative to the proposed methods, a new linear correlation was suggested in this study
for estimating the unit side resistance of Gaziantep limestone from its uniaxial compressive
strength as given in Eq. (4). As it was also plotted on Figure 6, the proposed correlation yields
to an almost unbiased estimation with a correlation coefficient of R? = 0.77. Additionally, a
f-test was conducted to compare measured qs values with the predicted ones from the
suggested regression equation. The test result had revealed that the predicted qs values had a
meaningful correlation with the measured results within 95% confidence interval.

qs = 0.056x0, 4
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oc (Mpa) gs (Mpa) Reduction in 6c (%) Reduction in gs (%)
Block 1 SatDugte 5 ﬁ?é (1):‘8‘3 39.08 44.83
Block 2 Sazzte 5 i?gg g:i? 39.92 48.86
Block 3 —g—o— 1(6)12(5) (1): ég 38.05 46.55
Block 4 Saggte 5 ig:(l)z 8:52 37.74 53.85
Block 5 Sat?lzte - }fg (1):22 38.58 52.00
Block 6 Sazgte 5 ﬁgz (l):ig 41.23 60.16
Block 7 Sazzte 5 f?ég (1):(6); 40.61 38.61
Block 8 Satﬁgte 5 1(6)'.(5)2 g:ig 39.27 50.53
Block 9 Sazzte 5 1(7):2‘5‘ 8:22 38.58 54.22
Block 10 Sat?lzte - }fgi (1):(6)2 37.97 36.89
Block 11 Sazgte 5 g;i é?g 41.14 4135
Block 12 Sazzte 5 :8:8(5) g:gé 36.10 29.27
Block 13 Satﬁgte 5 1(7)23 8:22 38.76 23.96
Block 14 Sazzte 5 1(7):22 é:gi 38.37 36.27
Block 15 Sat’igte < i?:iz (1)?2 40.28 56.25
Block 16 Sazgte 5 igfg (1):2(3) 38.71 61.17
Block 17 Sat?lgte - f;ﬂ (1)@2 42.86 54.84
Block 18 Satﬁgte 5 Bgz é:ég 38.01 51.56
Block 19 Sazzte 5 1(7):12 (l):ig 40.25 56.36
Block 20 Satﬁgte 5 1(6);1; é:?i 37.88 56.25
Block 21 Sazgte 5 B;; (1):;8 37.95 36.36
Block 22 Sat?lgte - }?)2232 g:z; 40.65 43.48
Block 23 SatDugte 5 ?gég (1):‘5“1) 39.26 63.57
Block 24 —g DY S 123 38.10 64.23
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Table 3 - Summary of the linear correlations discussed in this study

Correlation Reference
qs = 0.15x0, [3]
qs = 0.20x0, [2]
qs = 0.25x0, [4]
qs = 0.30x0, [1]
qs = 0.056x0, This Study

8.00

6.00

5.00

q, (MPa)
b
(=3
o

3.00

2.00
1.00
0.00
0 5 10 15 20 25 30
o, (MPa)
e Experimental Results (Dry) 4 Experimental Results (Fully Saturated) = = [3] = = [2] = « =[4] = - =[1] =—This Study

Figure 6 - Comparison of Test Results with Linear Correlations

3.2.2. Comparison of Experimental Results with Non-Linear Correlations

Among the non-linear correlations that may be found in the literature, the results of this study
were compared with the methods either suggested by generally accepted standards or with
the selected suitable ones during development of which a database containing data from
different limestone measurements was utilized. These correlations are summarized in Table
4,

Among the selected correlations, [7] may be evaluated as an early example of such studies
based on site experiments. Later, a more sophisticated non-linear correlation was developed
by [9] especially for weak rocks by compiling the available literature information for shaft
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resistance of rock-socketed piles including the databases collected by [24], [25] and [8]. The
correlation suggested by [10] was based on 25 load tests on drilled shafts. In the study of
[11], the database which was once compiled by [13] was incorporated by the results of 47
load tests from 13 different limestone sites given by [26] and [27]. The non-linear correlation
suggested by [12] was developed based on load test results of 63 rock-socketed piles almost
half of which were obtained from limestone sockets.

Table 4 - Summary of the non-linear correlations discussed in this study

Correlation Reference
qs=0.2 1x\/c_c for . > 1.9 MPa [28] (After [7])

Pa ( )0 5 [29] Lower bound
b=0.63, Pa= Reference Pressure (100 kPa) (After [10])

Pa ( )0 5 [29] Upper bound
b=1.41,Pa= Reference Pressure (100 kPa) (After [9])

s _ (O yos

Pa C(ZPa) (1]

¢ =1 (lower bound), ¢ =2 (mean), ¢ = 3 (upper
bound)

qs = 0.4014x0,.%3411 (For limestones)

12
qs = 0.36x0,%3¢ (For general) [12]

qs = 0.10x\/o_c (Lower bound)

This Study (Fully Saturated)
qs = 0.25x\/o_c (Upper bound) y (Fully

qs = 0.19x\/0_6 (Lower bound)

This Study (D
qs = 0.35x\/c_c (Upper bound) y (Bry)

In this manner, the results were firstly compared with the methods suggested in [28] and [29].
For rocks with a uniaxial compressive strength greater than o, > 1,9 MPa, the correlation
suggested by [7] was recommended by [28] for estimation of unit side resistance from
uniaxial compressive strength of rock. On the other hand, the correlations suggested by [10]
and [9] were recommended as lower and upper bound values respectively for estimation of
unit side resistance in [29]. The test results were compared with these correlations in Figure
7. As it can be seen this figure, the suggestion of [28] and lower bound solution of [29] have
given very close solutions. Both methods provided a reasonable lower bound estimation for
dry samples. However, the unit side resistances of fully saturated samples were mostly
overestimated by these methods.
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Upper Bound
of [29]

q; (MPa)

Lower Bound
of [29]

0 5 10 15 20 25 30
o, (MPa)
e Experimental Results (Dry) A Experimental Results (Fully Saturated) Lower Bound of [29] (After [10])

===[28] (After [7]) —— Upper Bound of [29] (After [9])

Figure 7 - Comparison of Test Results with [28] and [29]
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Figure 8 - Comparison of Test Results with [11]
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In a more recent correlation suggested by [11] lower bound, mean and upper bound solutions
were suggested for estimation of unit side resistance. It should here be noted that the database
utilized in the study of [11] contained a significant amount of data obtained from limestones.
As it can be observed from Figure 8, the lower bound solution of the method suggested by
[11] successfully covered even the lowest data obtained for fully saturated samples of this
study. On the other hand, the curve for mean (c = 2) had seemed to provide a more realistic
estimation for unit side resistance of dry samples.

2.00

1.50

. q, = 0401403411

qs (MPa)

30

o. (MPa)

e Experimental Results (Dry) 4 Experimental Results (Fully Saturated)

[12] (For Limestones) ===-[12] (For general use)

Figure 9 - Comparison of Test Results with [12]

In the study of [12], the side resistance data for various types of rocks obtained from the
previous studies of various researchers were analysed in a combined manner and best-fit
curves were suggested for different rock types. Among these correlations; the ones suggested
for limestones and for general use which were obtained by generating a best-fit to the data
only for limestones and to the combined data respectively were utilized for evaluation. Both
curves have given a reasonable estimation for unit side resistance under dry conditions as it
can be seen in Figure 9. However, the unit side resistance of Gaziantep limestone for fully
saturated samples was overestimated by the suggested correlations.

Finally, lower bound and upper bound solutions were suggested as non-linear correlations
in this study for fully saturated (Figure 10) and dry conditions (Figure 11), for estimation of
the unit side resistance of Gaziantep limestone from its uniaxial compressive strength (see
Eq. (5), Eq. (6), Eq. (7) and Eq. (8)).

11063



An Experimental Study on Unit Side Resistance of Gaziantep Limestone

2.00

1.80

1.60

qs = 0.25%y/5,
(Upper Bound)

q,= 0.10xy,
(Lower Bound)

0 5 10 15 20 25 30
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A Experimental Results (Fully Saturated) ——This Study (Lower Bound) —This Study (Upper Bound)

Figure 10 - Lower bound and upper bound curves for Gaziantep Limestone
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Figure 11 - Lower bound and upper bound curves for Gaziantep Limestone (Dry)
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qs = 0.10x,/0, (Lower bound solution for Gaziantep Limestone, fully saturated condition) (5)

qs = 0.25x,/0, (Upper bound solution for Gaziantep Limestone, fully saturated condition)  (6)

qs = 0.19x,/0, (Lower bound solution for Gaziantep Limestone, dry condition) @)
gs = 0.35x,/0, (Upper bound solution for Gaziantep Limestone, dry condition) ®)
4. CONCLUSIONS

In this study, the unit side resistance of Gaziantep limestone was investigated experimentally
under dry and fully saturated conditions and the results were correlated with the unconfined
compressive strength of the corresponding test block. In order to conduct the test program,
24 rock blocks were collected from a rock quarry site in Gaziantep. Each block was divided
into two adjacent parts to have a fully saturated and dry sample from each block. As a result,
48 uniaxial compression tests and 48 side resistance tests were performed at the soil
mechanics laboratory of Hasan Kalyoncu University. The results have revealed that the
reduction of the uniaxial compressive strength of Gaziantep limestone upon full saturation
was on the order of 36.10 — 42.86 % (=40%) with respect to the completely dry case. The
reduction was also observed for the unit side resistance of Gaziantep limestone upon
saturation in a wider range (23.96 — 64.23%).

The unit side resistance value was generally correlated with the uniaxial compressive strength
of the corresponding rock in the literature. The methods which recommend a correlation
between the unit side resistance and uniaxial compressive strength may be grouped in two
broad categories as linear and non-linear correlations. The results of this study were
compared with selected linear and non-linear correlations.

The comparison with the linear relationships has revealed that the unit side resistance of
Gaziantep limestone was significantly overestimated by the linear correlations for both dry
and fully saturated conditions. This fact was also mentioned by other studies conducted on
similar rock types. Alternatively, a new linear correlation was suggested for Gaziantep
limestone.

The non-linear methods used in the evaluation of the test results of this study have generally
provided a reasonable estimation for dry conditions. But these methods, in general,
overestimated the unit side resistance values for fully saturated conditions except for the
lower bound solution of [11]. Alternatively, non-linear lower and upper bound solutions were
suggested in this study as a range for estimating the unit side resistance of Gaziantep
limestone for fully saturated and dry conditions.

Based on the findings of this study it may be concluded that the non-linear correlations
mentioned in this study were noticeably better in estimating the unit side resistance of
Gaziantep limestone as compared to considered linear correlations especially for dry
conditions. It should also be emphasized that, since both the uniaxial compressive strength
and the unit side resistance of Gaziantep limestone was observed to be significantly reduced
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upon saturation and the measured unit side resistance values were generally overestimated
even by the non-linear correlations studied in this research for fully saturated conditions, care
should be taken while using these correlations for rock socket design in Gaziantep limestone
for places prone to saturation. Alternatively; the lower bound solution of [11] may be utilized
for design purposes in such cases. Otherwise, the unit side resistance values may be
significantly overestimated resulting in an inadequate design.

It should also be noted that, the unit side resistance of rocks is generally measured by large
scale load tests. In this study, an unconfined compression testing machine was modified to
measure unit side resistance values in laboratory scale. So, the results presented within this
study may be regarded as a primary evaluation for the utilized testing equipment and method.
Although the test procedure needs to be improved by further studies, the results are evaluated
to be promising since the obtained results and trends were comparable by the previous
researches. Future studies should be concentrated on improving the testing method which is
expected to significantly facilitate measurement of the unit side resistance as compared to
large scale load tests since the test is executed in laboratory scale. Although the scale effects
are thought to be negligible since the unit side resistance is investigated and neither concrete
nor rock is expected to be affected from the utilized sample dimensions, the results may be
compared by large scale load tests on the same rock in future studies.

Symbols
A Linear correlation coefficient
b Non-linear correlation coefficient
C Non-linear correlation constant
D Sample diameter
Dn Hole diameter
Dic Infilled concrete core diameter
Drp Loading piston diameter
F Axial load

Sample height
n Porosity
s Unit side resistance of rock
w Water absorption capacity

Yry Dry unit weight

Ysat Saturated unit weight
Gc Uniaxial compressive strength of rock
A Slip displacement
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