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The knowledge of the stress and strain state in rock sample is of importance in the understan-
ding of the rock properties for the interpretation of geodynamic processes and for geotechnical
applications such as mining and tunneling. Recently, the topic of induced seismicity has become
a major issue in geoenergy production (gas production, geothermal sources). Thus, the role of
tectonic stress for the initiation of rock failure is of high scientific and economic interest. The
investigation of deformation with conventional lab scale experiments allows the determination of
macro-strain in the cm- to m-range. On the nano to micro-scale, the application of diffraction
methods offers the investigation of the strain which is localized in the crystal lattice, the so-called
intra-crystalline strain. This localization of strain in a sample with dimensions in cm-range is
achieved by strain scanning. Because of the low absorption properties of neutrons in matter, like
metals and minerals, neutron diffraction is an excellent method for the investigation of strain in
bulk samples, especially in multiphase samples, like rocks.

The neutron time-of-flight strain diffractometer EPSILON, operated at the pulsed neutron
source IBR-2M at JINR (Dubna), is designed for the investigation of residual and applied intra-
crystalline strain of bulk samples. Because of the large wavelength-range (up to A = 7.8 A),
diffraction pattern with d-spacings up to d = 5.6 A can be investigated. Using the long flight
path of about 107.03 m, a good spectral resolution is achieved. That allows the investigation of
multiphase rocks containing minerals with lower crystal symmetry. The diffractometer is equipped
with an uniaxial applied stress device, allowing load states up to 100 kN, e.g., 150 MPa with
sample diameter of 30 mm and 60 mm in length.

The investigations concentrated on three locations within the sample: in the centre, at the rim
and at a location in-between (hali-radius). To avoid immediate rock failure, a pre-experiment to
determine the failure stress has been performed. Sample OU-2 (sandstone) has scanned for four
load steps (0, 11.65, 23.5, 35.21 MPa axial load). For each load level, the intra-crystalline strain
has been determined in the direction of o1 and o3. A newly developed analysis tool, which uses all
diffraction peaks for detection of the lattice deformations, has been applied to determine the in situ
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modulus of elasticity and Poisson’s ratio at different positions (rim, half-radius, center) within the
sample.

3HaHHe COCTOSIHUS HaNpsKeHUH U fedopmMaunil B o6pasiie rOPHOU NOPOIbI HMeeT BaxKHOe 3Haue-
HHe [/l TOHUMaHHS CBOUCTB FOPHBIX MOPOX, MHTEPIpeTalui reoAMHaMHYeCKHX MPOLECCOB, a TaKke
1/15 TeOTeXHHYEeCKUX NMPUMEHEeHHH, TaKUX KaK FOpHOe [ieJ0 U CTPOUTENbCTBO TOHHeJseH. B nocaen-
Hee BpeMs MpobJ/emMa MHIYLUPOBAaHHOH CEHCMHUHOCTH CTaja Ba’KHOH B NPOHU3BOACTBE F€OIHEPrHU
(mo6blua rasa, reotepMmasbHble HCTOUHHKH). TakuM 00pa3oM, posib TEKTOHHUECKHX HaMpsiKeHHH
B MHULMHPOBAHUH Pa3pylleHHs TOPHBIX MOPOJ MpeiCcTaB/seT KaK Hay4HbIH, TaKk MU 9KOHOMHUECKHH
unrepec. Mccnenosanue fedopMalyy ¢ NOMOLLbIO OObIUHBIX 1a00PaTOPHBIX IKCIIEPUMEHTOB [103BOJIs-
€T ONpe/e/ITb MakpoaedopMallHio B AMana3oHe CaHTUMETPOB U MeTpoB. Ha HaHO- U MHKpOypoBHe
npHMeHeHHe NH(PaKLIHOHHBIX METOOB JaeT BO3MOXKHOCTb M3ydaTb AedopMallvIo, JOKaJH30BaHHYIO
B KPUCTAJJIMYECKOH pelleTkKe, TaK HA3bIBAEMYIO BHYTPHKPUCTAIHUECKYIO AedopMaLHio. DTa JoKa-
ausauus gedopManuu B obpaslie pa3MepoM B CAaHTHMETPbl JOCTHraeTcsl C MOMOILBI CKaHHPOBAaHHUS
nedopmauny. brarogaps HU3KoH crocoGHOCTH HEHTPOHOB K IMOIJIOLIEHHIO B BEIECTBAX, TaKUX Kak
MeTaslbl M MHHepa/bl, HEUTPOHHAA AU(PaKLUS SB/SETCS OTJAMYHBIM METOLOM MJISI MCCJ/eJOBaHHS
nedopMaluil B MacCUBHBIX 06paslax, 0COOEHHO B MHOTO(Aa3HbIX, TAKHX KaK IOpHble MOPOAHI.

Helitponubslil audpaxkToMeTp A HCCAedOBaHUA JAedopMalMii MeTOLOM BpeMeHH MpoJeTa
EPSILON, pa6oraomuil Ha nyJabcupyiolleM HeldTpoHHOM HcTouHHke MBP-2M B OMAU ([y6Ha),
npejfiHa3HaueH [/ MCCeJ0BAHUSI OCTaTOYHBIX M MPHUJIOXKEHHBIX BHYTPHUKPHCTALNHUECKUX JedopMa-
LUMH MacCHBHBIX 00pasLoB. Diarogapsi 60/blIOMYy QHana3oHy AJMH BoJH (o A = 7,8 f\) BO3MOXKHO
ucc/eoBaHHe AU(PPAKLIMOHHBIX KaPTHH C MEXKIIJIOCKOCTHBIMU PACCTOSAHUAMHU 10 d = 5,6 A. Ucnoas-
30BaHHe IJMHHOrO mpoJseTa HeHTpoHOB (~ 107,03 M) oGecreunBaeT Xopollee CHEKTpanbHOE paspe-
LIeHHe, YTO 1103BOJISeT HCC/Ief0BaTh MHOro(asHble FOpHble OPOAbl, COfepKalllhe MUHEepaJbl ¢ HU3KOH
KpHCTa/sIMyeckKol cuMMeTpued. JlnudpakToMeTp oCHallleH YCTPOHCTBOM AJIS IPUJIOKEHHUS OLHOOCHOTO
HanpsiKeHusi, o6ecrnednBatomuM Harpysky no 100 kH, nanpumep, 150 MIla npu nuamerpe o6pasiia
30 mM u pauHe 60 MM.

HccnenoBanus ObliM cOCpefOTOUEHbl Ha TPeX TOYKax obpasla: B LEHTPe, Ha KPamo U B IpoMe-
XKYTOUHOH Mo3uuuu (Ha mojypanuyce). st mpenoTBpalleHHs] HEMeIeHHOrO pa3pylleHHsl MOPOIbl
GBI IPOBEJIEH NPEBAPUTENBHBIE SKCIIEPUMEHT [0 ONpe/e/IeHHIO HanpsikeHUs paspyuenus. O6paser
OU-2 (mecuanuk) ckanuposaJjcs Ha 4 crynensx Harpysku (0, 11,65, 23,5, 35,21 MIla no ocu). das
KaXKJI0TO YPOBHS Harpy3kH BHYTPHKpHUCTaJIM4ecKas AeopMmallus onpejessaach B HallpaBJleHHSAX 01
u o3. Ilpu onpenesnenun in situ Momyss ynpyrocts v kosdduuuenra [lyaccona B pa3iuuHBIX TOYKAxX
o6pasua (kpai, nosypaguyc, LeHTp) NPUMeHSICS pa3paboTaHHbIE HelaBHO HUHCTPYMEHT aHA/IU3a, UC-
MOJIb3YIOLKH Bce NU(PPAaKIUOHHblE UKU 151 0OHapyKeHUs NedopMaLri pelieTKH.

PACS: 61.05.1g; 61.05.Fm; 61.05.F—; 07.85.Jy
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