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Investigation of the effect of jog deviations on Riedel fractures by
three-dimensional elasto-plastic analysis
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BINMBOZEMICHE > TR S T DRiedel F A DREBIZICIE, jogDBFEENEARFELRIFT. HlZ
i, MERATY T2ECEBTNMBTHSH, RIOEAID L S ICjogh' TN SBINNBIFEICIE, BIERER
NIGDOTTEMBRIICE2(a)D & D B DflowertdEN K S N Tdepressionz £ L %. —7H, BOFHIEID
&I ICjogh AN SIMINDIHFEIE, BRSSO T CHETEMIICK2(b)D & 5 AR IEDflowerlEN KR S
ThulgeMHIRT 5. ThHDjogTIE, EMINEEDHMEARICINZ, 55k EHMAHRE L TERT S
&, FhFNhtranstension  transpression&EMEEN S, F7z, ThICE Y EANICERECETEELDZ D
5, IhLDEWIGIEENFpull-apart,/push-up& HIEIENSD. BESIIINETIC, ThoD
pull-apart® & Cpush-upZ & L - RN ERAMEE B 2 BR &M & L TER L LIRTREEBREFERT
HREL, MINEBICE T 2BMMINARjogDEEISER L - 2R EEE D ABE = BERITMICERYT %
TEeERATELEY, ABTIREIC, jogDRHEE REMICEX-MBITERBLT, jogic BT B@BDREN
RiedelF ABOREAZICHELZEZ 52 %&RL, TNICDOVWTERAABEOOE S BEEMIT TERT 3.

BUEMITICIE, BESOHARIIN—THRREED TV BB OERFHK~ T B EREBMERER
AT 01— NGEOASIAY AW e, AFRIZTHRBITICHENIEL TV A, FBTIEI—HEREZETORITICD
WGRRZ, FB3D&L SIS, yAREEITNEBEDERAMICE 23RTEAKA v 1 (BEFEH : 32800) %
AWk, BEREEICEWVWTIE, ARICTRT LD REMLUBEEEEZHREL, TOmAOERICyAROAET
NEHZER (v=10%m/s) 5 x7%. Thic&Y, 4EFATIEtranspressionD A, 8B TIE
transtensionD G ABHNZENETNRIEIND & &5, BRIEBEEHIUCE D < TOBEBEMEEKRSYS
Cam-clay model DM EHIL, BERERIER—& L1,

F3ICR LAZRTERICOWT, ETARADOTEEBLNIC a=1, 2, 3FICILKL3BOER AR
L, jogDi&fi&E % d=5,10, 15mm&EZE A THERM 2T o7, BH4ICIE, TR TEREICEITSRETOE
AKIOTHDODHEERT. BERIE, GROICER SRiedelt AMTEOHBENEAROTHDOBREDIREE L
TEBIMTWBZEERLTWS.

¥9, BIFEEJ=15mmODTr —RIZDOWVT, a=10BE Tldpush-upfll TKIFM A RiedelE ABTHA S 5 ICHEEK
MDRiedelB ABTICE U DEIEN B Tduplex] DHIRD, a=2,301ER Tldpull-apartfll TRiedelt A B % 1E#x
9% [P-shear] OHBENZNEFNBOANTWVWB I ENDHS. LHL, INSDEMABETIRIE, jogD&fi=
Zd=10,5mm/NhE< LT &, TRDEMBIRZERICEDIT TP ERBICHITLARLLARY, DWIld
=5 mmTIE EDERTEHTARDMII L /zRiedel B ARTICINBL TWD. ZORERIE, ThoDIRHAERE
2 L CjogDBANEETHB I ETRETE2EDTHS.

RIZ, RiedelBAMDAEICDOWT, a=30ERICEET 2L, RRED/NE VWd=5mmTidpush-upfll T
Hpull-apartfll THEEAMBEDOREAEICITEAEEERWVD, jogDEMENAKEZ L ARBICONT, HAKS
DAEEIL, push-upfI TIXETHBICK L TERAIZ, pull-apartll TIXETABICKH L TEAICAR>THPLL T E
DaHB. TOREICOVWT, ERAFADCELICER L THNS. R5E, RIHA, REBE LOMKREICH
|T BRiedelt ABTREMEB COMFTRTROKAERAABAERLELEDTHS. LEL, RRERNARE
&, ETARAICKHTZ2AEELT, BHEWVAEE LTRRLTWVWS., —K&IC, MEAMDOERS (jogss
BRWEISKE) D58, BAIINHARIIFAS &R 5D, EHHFADLSHS5DTNIFE SjoglliZET %



EDTHBDEE>THW. AL, push-upllEWTIHFEEAMICEBIHEE T 572 (transpression) &K
FRAABAIAE LY ERELRBEFH, pull-apartic S W TIEHEAKICBIERABEE T 5720

(transtension) RAEIGAAFADLE LY BN LK BRBHFNZENETNEINMTWS. L, RKERAA
BOASHSDTHILRMEN /NS BB ERBINSILKARY, MEAMIGEDOWTWL. UELY, ®iRE
MNhE < LT L Epush-up&pull-apart TRiedel F ABTDAEICEEZE LB RB Z &, BAOEHEHE 5
RO BA T Btranspression /transtensioniC 5 & 2l ABTOZ S AHERMICKELK LB LHTH B EMREIRT
x3.
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Fig. 3 Finite element mesh and boundary conditions
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The Riedel fracturing process is strongly affected by the presence of jogs. For example, Fig. 1 describes
left strike-slip fault with discontinuity of fault zone. The jog on the far side will be expanded with an
accumulation of fault displacement and it causes depression of the ground surface as shown in Fig. 2(a),
whereas the jog on the front side will be compressed and it causes bulge of the ground surface in Fig.
2(b). These transtensional/transpressional deformation fields called pull-apart/push-up are under the
pure shear on which the tension/compression is superposed due to the presence of jogs. Authors have
conducted three-dimensional elasto-plastic finite deformation analysis considering jogs of pull-apart and
push-up as boundary conditions to numerically obtain the Riedel fracturing process. The abstract
especially reports numerical investigations on the effects of the jog deviation on the angle of Riedel shears
with principal stress rotation.

Simulations are implemented with the dynamic/static soil-water coupled elasto-plastic finite deformation
analysis code GEOASIA. Although the analysis code can accommodate two-phase analysis, only the
one-phase analysis is carried out in the abstract. Finite element mesh with consideration of bending fault
zone is shown in Fig. 3. Material parameters for SYS Cam-clay model are conformed to the preceding
studyz). We prepared three models whose length is equal/doubled/tripled to the model in the y-direction
(@=1, 2, 3). The analysis is conducted parametrically changing the jog deviation d=5, 10, 15mm. Figure 4
indicates shear strain distributions at the end of the simulations. The right diagonal Riedel shear band are
obtained as a result of shear strain localization.

As for the results of d=15mm, the duplexing fracture patterns are obtained on the push-up side (a=1)
whilst the P-shears are obtained on the pull-apart side (@ =2, 3). However these fracturing patterns could
no longer be detected in the cases of d=10, 5 mm. Especially in the case of d=5mm, only the
independent single shears appear on the surface. The result suggests the significance of the installation of
jogs to simulate these secondary fractures.

Focusing on the angle of Riedel shears on the tripled scale model =3, there’ s no difference in terms of
fracture angles between the push-up and the pull-apart sides. However, the increase of a jog deviation
makes Riedel shear angle lower/higher against the strike-slip running direction on the push-up/pull-apart
side. It can actually be understood by the change of the principal stress direction. Figure 5 indicates the
direction of maximum principal stress on the Riedel fractures above the regions A and B shown in Fig. 3 at
the end of calculations, where the clockwise angle against running direction is positive. Because the
direction of maximum principal stress in a pure sheared zone (straight fault zones without jogs) should be
45° in general, the angle deviation from 45° can be regarded as a result of jog installation. The figure
indicates that the angle of the maximum principal stress become larger/smaller than 45° on the
push-up/pull-apart side under transpressional/transtensional stress distribution. However, these
transpressional/transtensional stress distribution gradually turn into pure shear with the decrease of a jog
deviation. Therefore, the small difference of fracture angle between the push-up and the pull-apart sides
with small jog deviation can be understood as a consequence of the increased percentage of pure shear
in transpression/transtension.
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Fig. 3 Finite element mesh and boundary conditions
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Fig. 4 Shear strain distributions at the surface
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