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An experimental and theoretical study on stick-slip phenomenon with some
considerations from scientific and engineering viewpoints of earthquakes

Yoshimi OHTA and Omer AYDAN

Abstract

Earthquakes often occur periodically with a regular or an irregular interval time. Stored mechanical deformation
and the accumulation of the stress are repeated following the slippage of discontinuities such as faults in the Earth’s
crust as a result of stress release. This behavior is called stick-slip. Stick-slip is commonly observed in the frictional
sliding of rock discontinuities. Earthquakes occurring on preexisting faults repeatedly are interpreted as a stick-slip
phenomenon. In this article, the stick-slip phenomenon is investigated experimentally and theoretically. It is shown
that the stiffness, static and kinetic friction coefficients, plate velocity greatly influence the recurrence time, rise time
and the amplitude of ground motions. The experimental and theoretical results presented in this paper clarify many
aspects of stick-slip phenomenon and they have great implications on the scientific and engineering characteristics

of earthquakes.
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Figure 4 A view and a sketch of experimental device
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Figure 5 Relation between acceleration and displacement responses for plastic-foam

interface experiment (0.45mm/s)
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Table 2 Parameter of material
k (gf/cm) L(cm) | Wi(g s i Vi (mm/s)
38 5.0 250 0.325 0.287 0.45
38 5.0 250 0.325 0.287 1.04

5 (2009)
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Figure 16 Numerical simulation of a stick-slip experiment for plastic-foam interface (0.45mm/s)
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Figure 17 Numerical simulation of a stick-slip experiment for plastic-foam interface (1.04mm/s)

[

DISPLACEMENT (mm)
VELOCITY (kine)

©

Slip ——w-ie— Stick 40
Displacement 20
Acceleration |U
+4-20
I-:-ﬁS fficm; W= 250;11’ ¥ =048mrmis, |
325 w028

50700 150 200 250 300°

TIME (ms)

ACCELERATION(gal)

Figure 18 A typical displacement, velocity, acceleration responses during slip phase for plastic
block-foam interface (0.45mm/s)

TR E R

e ME—HR e xb]



AT 4 w27« Ay THREICHET 2 EHBI S X OCTHIWITE L IR - IR T35

6.2 HEADES
AFSC TR L T 2 EEEOHIEADHIL 21T - 72,

B L BUEE TV OEIG E LT, FRFOEEOmMIM
U7z, SEEROHIE L LTI X0 OFEMNIERICEL %
STW3, BENEBRIZBWTHNNAEIMENRKES ks LB
7Ty 2B TRYPF LD, ) OFANEL kb
ZEDNHER SN TS, Fig 19 ICHIEFREA =X LD
ETNVKERT, HEOARBEIERA L DK 5,

/e _ v
Q= oz = h

22T, GUEEAWMEMERE, p 3EE, L XBEWERE
PR &, Vi 3O AR EEFERE2EL T»
5, COETNVRER SV — N BR—EDOHEE V, TBH
L, HENLEATH S EIRELTWD, %7, Hig7
— b ERBET LV — NI ERI S R D, KEES L —
FOEFBNAT 4 v 7« ANy TERELTETMEI
LEREL TV, B 2RMHED S 2 o3 MHEH L &
I CTIFARESEE V.

Table 3 IZEHTIC WV /2B XT X —F Z7R T, casel
L case2 TIFMIME, case2 & case3 TIE 7L — b DLk
&, case3 & cased T HMERHIH DK X, cased &
casel TREEBMAIZOVWIZFNEFTNEH L CHEN21T-
7z.

- - (12)

B — 2B L EEGER % Fig. 20 » 5 Fig. 24 1c/R
3. Fig. 20 & Fig. 21 29 2 &, BAARORIM:HEEI03
220y 7T HMENEL KD, Fi, TROIBUCTEE
T BHEEIZ/NE L % %, Fig. 21 & Fig. 22 TI3BE#E %
s €7z, fERE L TREMEZ EOZE0E C T
EWHL 2% T XZ AL 4 %, Fig. 22 & Fig. 23
TRAEMERHEHOR S 22bs¥. ZOOX%HEKT
3 L EMERGHESREL &3 EERLEORPNEL &
D, BETLIHEBRS L R 2MEAICHS., TOFKERLY
BEFHHOES 3T ORI E L RITT Z L »
b o tz, Fig. 24 1% case 4 D 80 & B Y EEE R %
0.364 2 & 0.466 12 254k X & TN %17 - 72, Fig. 23 &
Fig. 24 2T B L AN v AR M ZBWTTRD D
FAAS/INE {Ie o T, BINEERENRKE k5T
XY QFEANEL B D HEE D /NS KB,

6.3 RTqwT « R vTIZETBKAERNEH

Fig. 25 W2l & N7 200 E & NIl B I % Bl i o7
LTR® 6N ZMINEDOBEFR %R, Fig 25 RL 7z
WRBAT 4 v 7 « 2V v 7ERERID 1 >OHERE
WHEBHLEZKTH 5, IHEREIRE D & BUETES 2 W T
ERIGE R H T, R—A T4 VOBIENLETH S,
N=—RA T4 YOEERZTOTICHES T &, BoNdIE
FBBEIFRL, FBEIELIINEVNEOND, 22T

<o—
94—
<
<
Figure 19 Modeling of seismogenic mechanism
Table 3 Various parameters used for analysis
Case Number G (GPa) p (gr/cm?) h (km) s I V (m/s)
1 1.0 2.5 1.0 0.577 0.364 0.10
2 3.0 2.5 1.0 0.577 0.364 0.10
3 3.0 2.5 1.0 0.577 0.364 0.15
4 3.0 2.5 2.0 0.577 0.364 0.15
5 3.0 2.5 2.0 0.577 0.466 0.15
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Figure 20 Numerical simulation of displacement and velocity responses for CASE 1
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Figure 21 Numerical simulation of displacement and velocity responses for CASE 2
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Figure 22 Numerical simulation of displacement and velocity responses for CASE 3
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Numerical simulation of displacement and velocity responses for CASE 4
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Numerical simulation of displacement and velocity responses for CASE 5
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Figure 25 Comparison of displacement response computed from EPS method
with measured displacement response
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