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Data Description

This dataset provides friction data from ring-shear tests (RST) on twice broken rice used in the GEC Laboratory in CY Cergy Paris University in stick-slip experiments. They were obtained by Sarah Visage as part of her doctoral training (funded by the ANR DISRUPT programme) during an invitation at the Helmholtz Laboratory for Tectonic Modelling (HelTec) at the GFZ German Research Centre for Geosciences in Potsdam. Like any granular material, the twice broken rice is characterized by several internal friction coefficients μ and cohesions C, classicaly qualified as dynamic, static, and reactivation coefficients. In adition, since the rice exhibits a stick slip behaviour, the various shear -velocity or shear-displacement curves exhibit high frequency oscillations and we therefore define maximum, minimum, and mean values corresponding respectively to the curve peaks, curve troughs and smoothed curve.

Material tested

The tested material consists of twice broken rice. The rice originates from Cambodia and is sold by the brand Perle d'Asie (Fig. 1). 

Measurement procedure

The data presented here are the outcomes of ring shear tests (RST) using a SCHULZE RST-01.pc [START_REF] Schulze | Time-and Velocity-Dependent Properties of Powders Effecting Slip-Stick Oscillations[END_REF][START_REF] Schulze | Powders and bulk solids[END_REF] at the Helmholtz Laboratory for Tectonic Modelling (HelTec) of the GFZ German Research Centre for Geosciences in Potsdam. The RST-01 is designed to measure friction coefficients μ and cohesions C in loose granular materials at the low confining pressures and shear velocities found in sandbox experiments. In this apparatus, a granular layer is sheared internally at constant normal stress σN and shear velocity v, while the shear force and the lid displacement normal to the shear plane are measured continuously. For more details see [START_REF] Klinkmüller | Properties of granular analogue model materials: A community wide survey[END_REF] and [START_REF] Ritter | Scaling the sandbox-Mechanical (dis) similarities of granular materials and brittle rock[END_REF].

Sample preparation and test conditions

Each sample is prepared by the same person and measured following the same protocol, rice has been poured into the shear cell and not densified thereafter. The resulting bulk density has been 911 ± 11 kg/m3. The measurements presented here correspond to the internal friction, i.e. shearing inside the material. Normal force, shear force, shear velocity and lid displacement are measured at 100 Hz. Air conditionning ensures constant temperature and humidity during all the measurements (temperature: 23•C, humidity: 45%). The rice samples are labbeled GFZ-ID 498-01 to 498-18 for the Ring-Shear Tests (RST), 499-01 for the Velocity Stepping Tests (VST), and 500-01 for the Slide-Hold-Slide tests (SHS).

RST (Ring-shear test) procedure

During the RST a shear velocity of v = 30 mm.min-1 and a normal load as defined below are imposed while the shear force and the lid displacement are monitored. 18 individual tests are done at normal stresses of σN = 500, 1000, 2000, 4000, 8000, and 16000 Pa (with 3 repetitions per stress level). At the beginning of the test, the material is sheared during 5 minutes. During this period the shear stress τ reaches a peak (= peak friction) and then drops to a plateau indicating the shear has localized into a permanent shear zone (= dynamic friction). The sample is then unloaded by shortly reversing the rotation and immediately re-sheared for 5 minutes during which the shear stress τ is expected to reach a second peak (= reactivation friction) simulating reactivation of an existing shear zone before returning to the plateau (Fig. 2).

VST (Velocity stepping test) procedure

To determine the dependence of dynamic friction on the shear velocity v, a velocity stepping test (VST) is performed. Shear velocities ranging from 0.1 to 30 mm.min -1 and a normal stress of σN = 2000 Pa are imposed. The velocity is systematically increased in logarithmic steps. Durations at each values of the velocity are chosen to reach a displacement of 30 mm in each step (Table 1). This displacement is sufficient to ensure that the plateau of the dynamic friction is reached in each step. In order to initiate the shear zone, a first step at 30mm for 3min is performed (Fig. 4).

Shear velocity [mm.min -1 ]

Duration [hh:mm:ss] 30 00:03:00 0.1 05:00:00 0.3 01:40:00 1 00:30:00 3 00:10:00 10 00:03:00 30 00:01:00 

SHS (Slide-Hold-Slide) procedure

To determine the dependence of reactivation friction on the holding time, a slide-hold-slide test (SHS) is performed. The shearing phases, or slide steps, last for three minutes, at the constant shear velocity of 30 mm.min -1 . During the holding phases, the shear velocity is zero. Durations of holding start at 5 hours and are reduced by a factor three down to ten seconds ( 

Analysis method

RST analysis: Friction coefficients and cohesion

After converting forces to stresses, by dividing the force in Newton by the area of the shear plane (226,19 cm 2 ) including correcting shear stress for the lever geometry and time to displacement (with the velocity of 30 mm.min -1 ), three characteristic values have been picked manually from the resulting shear stress curves: peak, dynamic, and reactivation values:

1) The shear strength τ at peak friction corresponding to the first peak in the shear curve reflecting hardening-weakening during strain localization 2) the shear strength τ at dynamic friction corresponding to the plateau after localization and representing friction during sliding 3) the shear strength τ at reactivation friction corresponding to the second peak and representing static friction during reactivation of the shear zone. However, in the twice broken rice we do not observe a reactivation peak.

Since the curve exhibits high frequency oscillations -because of the stick-slip behaviour of the rice -, we distinguish maximum, minimum and average values, as shown in Figure 2. We performed a linear regression of these friction data through all data pairs of shear strength τ and normal stress σN. The slope of the linear regression corresponds to the friction coefficient μ and the y-axis intercept, to the cohesion C (Fig. 3). This method assumes that the material behaves strictly as a Mohr-Coulomb material, i.e. has an affine failure envelope.

VST analysis: Rate-dependencies of dynamic friction

To calculate "a-b", we first pick the peaks and troughs of the apparent coefficient of friction (i.e., neglecting cohesion) μ=τ/σN calculated from the velocity stepping test (VST) (with the matlab code "velocity-weakening Fitting" by Ehsan Kosari ( 2021)). These values represent the maximum and minimum dynamic frictions. The slope of a linear regression through the data approximates the dependency of the dynamic friction on the shear velocity v (i.e., its rate-dependency, parameter (a-b) [START_REF] Scholz | Earthquakes and friction laws[END_REF]). We have plotted peaks, troughs, and as well as their average values as a function of log(v) and fitted three natural logarithm lines to the data. The slop of the fitted line to the average values is considered as "a-b". To derive a-b the slope derived in log(v) space has to be divided by ln(10) (in the table 7 the values are divided by ln( 10)).

SHS analysis: Frictional healing

From the SHS time series data (Fig. 6), the coefficient of apparent reactivation friction μ should be plotted as a function of log(THold), then the slope of a linear regression through the data gives an approximation of the dependence of static friction on holding time or frictional healing (i.e. the parameter b). However in the rice we don't observe a reactivation peak, so we decided to use the dynamic friction in the slip phase which shows a similar dependence to the previous hold phase which we plotted as a function of log(THold) (Fig. 7, with an adapted version of the matlab code "velocityweakening Fitting" by Ehsan Kosari ( 2021)). In the same way as for the RST and VST tests, we take the maximum, minimum and average values of the friction during the sliding phases. To derive b, the slope derived in log(v) space must be divided by ln(10) (in the table 7 the values are divided by ln( 10)).

File description

The following files exist in the zip folder "2022-001_Visage-et-al_Data":

(i) RST raw data ("ID [f][date time].tdms") (ii) 
RST shear curve data ("ID ts.txt"; example Table 3)

(iii)
RST smoothed shear curve plot ("ID ts.pdf")

RST friction data ("ID peak.txt", "ID dynamic.txt", "ID reactivation.txt"; example Table 4)

(v)
RST friction plot and linear least-squares method data ("ID linregr.pdf", "ID fricstd.txt"; example Figure 3)

(vi)
VST raw data ("ID VST.tdms")

VST plot ("ID vst.pdf"; example Figure 4)

(viii)
SHS raw data ("ID SHS.tdms")

(ix)
SHS plot ("ID SHS.pdf"; example Figure 6)

(x)
MATLAB code "velocity-weakening Fitting"

RST shear curve data

RST shear curve data are derived from RST raw data (i) and given as (ii) time series (ts) data in .txtformat ("ID ts.txt", table 3) and visualized as (iii) shear stress τ versus shear displacement d plots ("ID ts.pdf", figure 2). 

RST friction data and analysis

RST friction data are given as (iv) data pairs (normal stress σN and shear strength τ; Table 4) for peak, dynamic and reactivation friction in .txt-format ("ID peak.txt", "ID dynamic.txt", "ID reactivation.txt").

They are visualized by (v) plotting into Mohr Space (normal stress σN vs. shear stress τ) including a linear regression ("ID linregr.pdf"; figure 3). 

Normal stress [

VST data and analysis

VST raw data (vi) are visualized (vii) by plotting shear velocity v and dynamic friction (simplified as shear stress τ divided by normal stress σN) against the shear displacement d ("ID vst.pdf"; 4). For analysis, dynamic friction is plotted against the shear velocity v including a logarithmic curve fit, the slope divide by ln(10) of which reflects the rate dependency of dynamic friction (the parameter a-b). An example of the structure of VST data is given in Table 5. 

SHS data and analysis

SHS raw data (viii) are visualized (ix) by plotting time against static friction ("ID shs.pdf"; Fig. 6). For analysis, static friction is plotted against the holding time including a logarithmic curve fit, the slope divide by ln(10) of which reflects the paramater b of static friction. An example of the structure of SHS data is given in 
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Figure 1 :

 1 Figure 1: Photo of twice broken rice grains with binoculars.

Figure 2 :

 2 Figure 2: Shear curve plot (498-04) at a normal load of 8000Pa and at a shear velocity of 30 mm min-1 with the location of each values analysed.

Figure 3 :

 3 Figure 3: Friction plot (498-01 to 18). Plot of all data pairs in the Mohr space (shear stress τ vs. normal stress σN ) including curves of the corresponding linear regression (shear velocity = 30 mm min-1). The results are shown in table 1.

Figure 4 :

 4 Figure 4: The VST data (499-01). The shear velocity v (red curve) and the coefficient of friction (shear stress τ/normal stress σN) (blue curve) at normal load of σN =2000Pa.

Figure 5 :

 5 Figure 5: Dynamic friction (peaks = blue, mean = yellow and troughs = red) as a function of the logarithm of the shear velocity v, with the linear regressions. The results are shown in table 1.

Figure 6 :

 6 Figure 6: The SHS data (499-01). The static friction (shear stress τ /normal stress σN ) at a normal load of 2000 Pa and a velocity of 30mm.min-1 during the sliding.

Figure 7 :

 7 Figure 7: Static friction (peaks = blue, mean = yellow and troughs = red) as a function of the holding time on a logarithmic scale with the linear regression. The results are shown in table 1.
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Table 1 :

 1 Logarithmic steps of the shear velocity v in a VST including the duration of each step.

Table 2 )

 2 (Fig.6). A normal stress of σN = 2000 Pa is imposed throughout the test.

		Duration [hh:mm:ss]
	Shear	00:03:00
	Hold time	05:00:00
	Shear	00:03:00
	Hold time	01:40:00
	Shear	00:03:00
	Hold time	00:30:00
	Shear	00:03:00
	Hold time	00:10:00
	Shear	00:03:00
	Hold time	00:03:00
	Shear	00:03:00
	Hold time	00:01:00
	Shear	00:03:00
	Hold time	00:00:30
	Shear	00:03:00
	Hold time	00:00:10
	Shear	00:03:00

Table 2 :

 2 Steps of the SHS test including the duration of each step.

Table 3 :

 3 Example of shear curve time series data (498). First line is header. First column is time (in s). Columns 2-19 are measured shear forces (in N) for corresponding normal stresses as specified in the header of the respective columns (6 stress values from 500 to 16 000 Pa, with three repetitions at each stress value).

	Time [s]	Normal stress [Pa]:	1000	2000	…
		500			
	0.1	46.98	81.60	88.11	…
	0.2	…	…	…	…
	…	…	…	…	…

Table 4 :

 4 Example of friction data (498, peak). First column is normal stress σN (in Pa). Column 2-4 is shear strength τ (in Pa) for the high, mean and low values.

Table 5

 5 

	: Example of VST data (499). First column is time (in s). Second column is shear velocity (in mm s-1). Third and fourth
	columns contain normal and shear force (in N)

Table 6 :

 6 Table 5 and the holding time is given in Table 2. Example of VST data (500). First column is time (in s). Second and third columns contain normal and shear force (in N)

	Time [s]	Normal force [N]	Shear force [N]
	0.1	1909.4	2.6074
	0.2	…	…
	…	…	…

Table 7 :

 7 Summary of RST, VST and SHS data.