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In laboratory measurements of rock properties, the specimen size dependent rock strength has always been
an issue. Numerous studies have been conducted to investigate the correlation between specimen size and
rock strength under various loading rate in last few decades. In this study, the dynamic uniaxial compression
tests of Geochang granite and Kimachi sanstone were carried out to investigate the size-effect on rock
dynamic strength. Split Hopkinson pressure bar (SHPB) system was used to load the rock specimens
dynamically. Kimachi sandstone and Geochang granite specimens with different diameter and length were
prepared. As a result, it has been found that the dynamic uniaxial compression strength of the granite and
sandstone have been increased with increasing specimen size. That are coincident with the results revealed
recently by some researchers who have showed that the uniaxial compressive strengths of sedimentary rocks
significantly increase with increasing specimen diameter up to around 54mm diameter and reduce to with
size increment.
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1. Introduction

In laboratory measurements of rock properties, the specimen size dependent rock strength has always been an issue.
Numerous studies have been conducted to investigate the correlation between specimen size and rock strength under various
loading rate in last few decades*®. Hoek and Brown® reported that the uniaxial compressive strength of rock is reduced with
increasing specimen size. It makes sense to other famous theory which known as weakest link theory®. However, on the
contrast to the static or quasi-static cases, the research about size-effect of rock strength under dynamic loading is limited. Under
the dynamic or impact state, rock materials show significantly different fracturing process and mechanical characteristics (i.e.
rate dependency) compare to that of static or quasi-static loading.

In this study, the dynamic uniaxial compression tests of Geochang granite and Kimachi sanstone were carried out to
investigate the size-effect of rock dynamic strength. Split Hopkinson pressure bar (SHPB) system was used to load the rock
specimens dynamically. Kimachi sandstone and Geochang granite specimens with different diameter and length were
prepared.

2. Experiments

2.1 Experimental method

SHPB system, also known as Kolsky bar allows a desirable technique to determine the dynamic properties of brittle solids. This
system is commonly established by three of rigid metal bars; striker bar, incident bar and transmission bar on the same axis (see
Fig. 1). If the striker bar impacts the incident bar as a projectile, the dynamic compressive stress waves are generated and
propagate along the incident bar to rock specimen. Rock specimen is placed between the incident bar and the transmission bar.
When the stress wave arrived at the bar-specimen boundary, the portions of stress waves transmit to the transmission bar
through the specimen while the remaining portions are reflected back to the incident bar, because of the difference of material
impedance between metal bar and the rock specimen.
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Figure 1. 3D schematic diagram of SHPB system

The applied forces on the specimen F; and F, (see Fig.2) can be calculated by following equations (1-2) :
Fy = AE(g; +¢,) )
F2 = AEgt (2)

where A, E is the area and Young’s modulus of bar. ¢, & and & is the measured incident, reflected and transmitted strain
respectively.
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Incident bar Rock specimen Transmission bar

Figure 2. Loading mechanism on SHPB system

Then the applied stress o (t), strain & and strainrate € can be determined by following equations (3-5):

o() = 2 Ee ®
e= -1 e @
g= - g ©)

L

where A, and A, indicates the sectional area of bar and specimen respectively. The dynamic uniaxial compressive strength
can be defined as the maximum value of applied stress on specimen. The strain or stress wave profiles throughout the
experiments can be obtained by semi-conductor strain gauge measurements attached on the surface of incident and
transmission bar.

In rock dynamic tests, it is important to achieve the dynamic force balance on both boundaries of rock specimen. Due to its
nature of transient loading, specimen can be significantly affected by inertia and friction effect along dynamic tests”®, so that it
can cause the locally premature failure before the whole areas of specimen were loaded. To prevent above stated problems,
pulse shaping technique which make a delay on initial part of applied loading was adopted by using the different sizes of copper
pulse shapers.

2.2 Sample preparation

In order to investigate the relationship between specimen diameter and dynamic uniaxial compressive strength, two different
sizes and types of rock specimens were prepared. All specimens were intentionally manufactured to have 0.5 slenderness ratio
(specimen length/diameter) to avoid the unexpected geometric influence. The physical and mechanical properties of rock
specimens were shown in Table 1.

Table 1. Material properties of rock specimens

Geochang Kimachi
Rock type . 9
granite sandstone
Diameter (mm) 50,38 50,38
Thickness (mm) 25,19 25,19
Density (Kg/m®) 2,590 2,000
P-wave velocity (m/s) 3,863 2,710
Young’s modulus (GPa) 413 6.5
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2.3 Results

The dynamic uniaxial compressive tests were performed with different diameters of Geogchang granite and Kimachi
sandstone specimens. Figure 3 shows typical stress wave profiles obtained by strain gauge measurements.
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Figure 3. Typical stress wave profiles on SHPB experiment

By applying the wave shifting process to obtained stress wave profiles the dynamic force balance curve can be obtained like as
shown in Figure 4. To guarantee the equivalent dynamic forces on both sides of the specimen, the superimposed wave between
incident and reflected wave should be suitably matched to the transmitted wave until they arrived at peak stress. In this study,
the each experimental result showed good correspondence to dynamic force balance.
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Figure 4. \rification of dynamic force balance on specimen

As a result of this study, the determined dynamic uniaxial compressive strength with different specimen diameters and rock
types were plotted against the function of strain rates in Fig. 5. And the figure shows linear regression slope of experimental
results in Fig. 5. It reveals that the dynamic compressive strength of Geochang granite and Kimachi sandstone both increased

with increasing diameters of specimen. The averaged ratio of D50/D38 was calculated as 2.34 in Geochang granite and 3.56 in
Kimachi sandstone at 50/s to 350/s ranges of the strain rates.
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Figure 5. Determined dynamic uniaxial compressive strengths of Geochang granite and Kimachie sandstone against the function of strain rates

3. Conclusion

A series of dynamic uniaxial compressive tests were carried out to investigate the relationship between specimen size and
dynamic strength of rock. Two different sizes (38mm and 50mm) of Geochang granite and Kimachi sandstone specimens were
used in the tests. In order to apply the dynamic loading on the specimen, SHPB system was used. For guaranteeing the dynamic
force balance on the specimen, pulse shaping technique with different sizes of copper pulse shapers was adopted and verified
by plotting the wave validation curve. The results show that the both dynamic compressive strengths of Geochang granite and
Kimachi sandstone were increased with increasing strain rate. Averaged increasing ratio of dynamic compressive strength
between D50 and D38 was 2.34 in Geochang granite and 3.56 in Kimachi sandstone. From this study, it has been found that the
dynamic uniaxial compression strength of the granite and sandstone have been increased with increasing specimen size.
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