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Introduction
The time-delayed deformation under constant stress, or the creep effect, is one of the most fundamental properties of sedimentary rocks. The creep effect, which originates from viscoelastic properties of the solid framework of a rock, has been extensively studied in recent decades. A significant portion of the experimental techniques developed for the laboratory study of the creep effect is focused on the static and quasi-static aspects of the viscoelastic behaviour of a rock. However, the influence of the creep effect on the results of low-frequency laboratory measurements of elastic moduli of rocks has not been pursued in detail in rock physics research. As was noted by Takei et al. (2011), the low-frequency methods are sensitive to the contact conditions between a tested rock and surrounding metal plugs, which to a considerable degree depend on the creep properties of the rock. Takei et al. (2011) found that nearly perfect contact can be achieved after a sample experiences a few days of creep under a stress small enough to minimize dislocations. It can be also noted that taking into account the creep effect is important for comparing the results of low-frequency measurements with the results of ultrasonic tests. The latter usually last no longer than a few hours, while low-frequency experiments take in general several days, and therefore creep drifts can have a significant effect on the difference in the measured values of the elastic properties of rocks. Since the low-frequency techniques become common practices in many rock physics laboratories (Subramaniyan et al., 2014), the influence of the creep effect on the results of the low-frequency measurements becomes an important object of research. 
In this paper, we present the preliminary results of our experimental study conducted on three sedimentary rocks, Savonnieres limestone, Berea sandstone and Eagle Ford shale, at a seismic frequency of 2 Hz, which demonstrate that viscous deformation of the solid framework appreciably affects the dynamic elastic moduli of rocks measured at a relatively low (10 MPa) constant uniaxial stress. 
Experiment






Our experiments were performed using a low-frequency laboratory apparatus based on the strain-stress technique with the longitudinal type of the forced oscillations, which operates at frequencies between 0.01 Hz and 100 Hz and strain amplitudes from 10-8 to 10-7. The measurements were carried out for 120 hours on three room-dry sedimentary rocks, which are represented by Savonnieres limestone, Berea sandstone and Eagle Ford shale, at a frequency of 2 Hz under a constant uniaxial pressure of 10 MPa. The Poisson ratio  and Young modulus  of the rock samples were inferred from the known Young modulus of the aluminium standard and strains determined in the standard and samples as it is described in more detail by Mikhaltsevitch et al. (2014). The bulk  and shear  moduli were found using relationsand. The physical characteristics of the samples used in our measurements are summarized in Table 1.
Table 1. Physical characteristics of the samples.
	Sample
	Savonnieres
limestone
	Berea
sandstone
	Eagle Ford
shale

	Porosity, %
	27.0
	19.0
	8.5

	Permeability, mD
	460
	130
	<10-3

	Density, kg/m2
	1895
	2308
	2210

	Length, mm
	76
	61
	70

	Diameter, mm
	38
	39
	38


 
Results 
The time dependences of the bulk and shear moduli obtained for three tested samples are presented in Figure 1.
[bookmark: _GoBack][image: ](a)                                                                        (b)
Figure 1: Dependencies on time obtained for the bulk (a) and shear (b) moduli of three tested samples. The measurements are conducted at a uniaxial pressure of 10 MPa.
We found that the changes in bulk and shear moduli obtained after 120 hours of the experiment were as follows. Eagle Ford shale: 12% (bulk) and 8% (shear); Savonnieres limestone: 10% (bulk) and 4% (shear); Berea sandstone: 5% (bulk) and 2.5% (shear). Our results also show that for all tested rocks the change in both bulk and shear moduli measured 24 – 30 hours after commencing the experiments does not exceed 2%. 
Conclusions
We studied the influence of the creep effect on the elastic moduli of three room-dry sedimentary rocks (Savonnieres limestone, Berea sandstone and Eagle Ford shale) measured at a seismic frequency of 2 Hz under a constant uniaxial pressure of 10 MPa. We found that the influence of the creep effect can have a significant impact on the values of the measured moduli, which should be taken into consideration, in particular, when comparing the results of ultrasonic and low-frequency measurements. 
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