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Shear strength of gouge layers

— Report —

The experimental results of the shear strength of gouge layers

Naoto Yoshioka'?", Takane Hori*, and Hide Sakaguchi’®

A series of laboratory experiments was performed on the shear strength of simulated gouge layers. The gouge layers were
composed of quartz sand or calcite sand (particle size 0.125-0.250 mm) with 2 or 3 mm thickness. A stick-slip was occurred at the end
of each experiment without exception because the upper block of the fault was pushed with a low stiffness spring. At the final stage of
the experiments, a precursory slip and a dilatancy were observed prior to the stick-slip. This result and an experimental result using a
photo-elastic material strongly suggest that stress chains (columnar structures with strong stresses) are created inside the gouge layer.
They are gradually inclined to sustain the external additional shear force and finally rotated, lifting up the upper block. This seems to be
the mechanism of the dilatancy in our experiments. The shear strength of the gouge layers is stronger for thinner layers than thicker
layers and for calcite sand than quartz sand. These facts also suggest that the strength of stress chains determines the shear strength of
the gouge layers. It will be a future problem whether this mechanism is applicable to the actual faults partly because of the fractal size
distribution of fault gouge.
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Fig. 1. A schematic illustration of the apparatus used in the
experiments. LM: Linear Motor, LS: Leaf Spring, UB:Upper Block,
LB:Lower Block, GL: Gouge Layer, HDT1:Horizontal Displacement
Transducer 1 for LM movement, HDT2, 3:Horizontal Displacement
Transducer 2 and 3 for UB movement, GS1, 2, 3:Gap Sensor 1, 2 and 3
for vertical movement of UB.
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Fig. 2. Two examples of settling of the upper block by vibration. The
gouge in the sample is quartz sand (diameter 0.125-0.25 mm, initial
thickness 3 mm). See text for the differences between (a) and (b).
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Fig. 3. Time charts of a shear test. (a) Horizontal displacement of the
upper block. (b) Vertical displacement of the upper block. (c) Enlarged
vertical displacement.
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Table 1. The parameters of the experiments.

1. EBNTA—F—,

(a) gsb 2 mm (c) msc 2 mm
experiment | weight | strength | subsidence | remark experiment | weight | strength | subsidence | remark
name g kPa mm name g kPa mm
al30 18.364 | 3.32 0.25 al22 18.949 | 3.52 0.26
al3l | 18700 | 3.32 0.25 al23 | 18833 | 3.14 0.20
al55s 17.682 3.27 0.26 al2d 18.866 320 022
al25 18.642 3.34 0.21
al56 17.823 3.45 0.26 MS 2126 19.289 354 0.23
a204 18.236 322 0.26 MS al27 19.246 3.39 0.21
a205 17.815 3.33 0.22 MS al28 19.105 3.65 0.19
a206 17.606 | 3.20 0.26 MS azls 18.824 | 3.37 0.26 MS
4306 18511 332 0.24 a316 19.034 4.10 0.22 MS
307 17898 319 07 a317 19.166 3.86 0.23 MS
a318 19.055 4.04 0.20 MS
a308 | 17986 | 3.19 0.25 a319 | 18898 | 345 022 MS
a309 18.017 | 3.13 0.27 a320 18912 | 3.65 0.24 MS
a310 18.026 3.24 0.27 ad412 18.723 3.52 0.21 MS
ad04 18.501 | 3.41 0.22 ad13 18.392 | 342 0.22
405 18.110 331 0.23 ad414 19.024 3.25 0.20 MS
a415 18.603 3.53 0.19 MS
a406 17.913 341 0.24 MS 16 18314 356 013 MS
a407 18.332 3.44 0.25 2423 18.166 339 022
Average | 18.095 3.30 0.25 Average | 18.844 | 3.52 0.22
STD 0.317 0.10 0.02 STD 0.309 0.26 0.02
(b) gsb 3 mm (d) msc 3 mm
experiment | weight | strength | subsidence | remark experiment | weight | strength | subsidence | remark
name e kPa mm name g kPa mm
al32 31.112 2.94 0.28 all? 34.001 3.13 0.32
al20 33.556 3.11 0.28
al33 31.899 293 0.28 2208 32341 302 027
al34 31.406 291 0.31 210 31.993 2.93 0.30
a201 31.175 2.94 0.30 a2l3 33.054 2.99 0.29
a202 31.201 2.98 0.29 a216 33.460 293 0.32
a203 | 31341 | 2.90 0.28 azl7 | 32.313 | 3.00 0.24
a301 30.795 3.08 0.33 adll 32.686 3.05 0.29
a312 32.886 2.94 0.25
a302 30.692 2.98 0.35 2313 32.574 3.06 027
a303 30.785 3.02 0.32 a314 32.650 3.19 0.25
a304 30.842 3.05 0.30 a315 32.813 3.26 0.25
a305 30.917 3.04 0.28 a408 32.258 3.09 031
ad0l | 30.582 | 3.0 0.32 a409 | 32.608 | 3.12 0.27
a402 30.582 3.18 0.23 a410 33.068 3.06 0.31
adll 32.176 3.04 0.26
a403 30.582 3.20 0.32 2419 32348 312 025
Average 30.994 3.02 0.30 Average | 32.752 3.06 0.28
STD 0.383 0.11 0.03 STD 0.540 0.09 0.03
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Fig. 5. Shear strength of gouge layer for 2 materials and thicknesses.
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