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Rate-and-State Friction

𝝉 = 𝝁 ×  𝝈 = 𝝁𝟎 + 𝒂 × 𝒍𝒏
𝑽

𝑽𝟎
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(Scholz, 1998)

(Dieterich, 1981)

 𝜎 = 𝜎 − 𝑝𝑓



Steady State

𝝁𝒔𝒔 = 𝝁𝟎 + (𝒂 − 𝒃) × 𝒍𝒏
𝑽

𝑽𝟎

(a-b) > 0 velocity strengthening (stable sliding)

(a-b) < 0 velocity weakening (unstable sliding)



Simple Shear Model

V, cm/yr

Elastic Material

Rate-and-State Friction



(a-b)>0 strengthening



(a-b)>0 (strengthening)



(a-b)>0 (strengthening)



(a-b)<0 (weakening)



(a-b)<0 (weakening)



(a-b)<0 (weakening)



Ruina-Dieterich Equation
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Effect of State Parameter

(a-b) > 0 velocity strengthening (stable 
sliding)

(a-b) < 0 velocity weakening (potentially
unstable sliding)



Stability

(Scholz, 1998)



Stability

Frictional stability depends entirely 
on  𝜎, 𝜏, 𝑘, the friction parameters 
Dc and  (a-b), and is independent 
of base friction 𝜇0.



Stability

Considering fixed stiffness k, oscillations occurs 
at a critical value of effective normal stress, σc, 
given by:

𝜎𝑐 =
𝑘𝐷𝑐

−(𝑎 − 𝑏)



Stability

𝜎 > 𝜎𝑐 𝑠𝑙𝑖𝑑𝑖𝑛𝑔 𝑖𝑠 𝑢𝑛𝑠𝑡𝑎𝑏𝑙𝑒
𝜎 < 𝜎𝑐 𝑠𝑙𝑖𝑑𝑖𝑛𝑔 𝑖𝑠 𝑠𝑡𝑎𝑏𝑙𝑒

𝜎 ≈ 𝜎𝑐 oscillations

(Scholz, 1998)



Oscillations Mode



Oscillations Mode



Oscillations Mode



Variation of (a-b)

(Scholz, 1998)



Variation of (a-b)

(Rice, 1993)



Variation of (a-b)

(Scholz, 1998)



Slip Distribution

(Scholz, 1998)



Rupture in Subduction Zone



Rupture in Subduction Zone

Unstable Zone



Nucleation

𝜎𝑐 =
𝑘𝐷𝑐

−(𝑎 − 𝑏)

The effective stiffness, k, of a crack with length L 
embedded in an elastic medium with shear 
modulus G scales as G/L (𝑘 = 𝜂𝐺/𝐿).

𝐿𝑐 =
𝐺𝜂𝐷𝑐

(𝑏 − 𝑎)  𝜎



Nucleation

𝐿𝑐 =
𝐺𝜂𝐷𝑐

(𝑏 − 𝑎)  𝜎

• Instability occurs when the slipping patch 
reaches a critical size 𝐿𝑐.

• Also it is a minimal size of asperity to generate 
an earthquake.

(Scholz, 1998)



Nucleation



Values and Uncertainties

𝑎, 𝑏 ~ 10−3 − 10−2

𝑎 − 𝑏 ~ 0.004 (in seismogenic zone)

• Varies with stress and temperature.

• Hard to model in experiment.

(Scholz, 1998)



Values and Uncertainties

𝐷𝑐 ≈ 1 − 100 𝜇𝑚 in the laboratory 
experiments

But various attempts to model  𝐷𝑐 , assuming 
that it is a property of the surface contact 
topography or gouge zone thickness, suggest 
that it may be much larger at the fault scale (up 
to 1m)



Values and Uncertainties

Effective stress distribution

 𝜎~50𝑀𝑃𝑎



Conclusons

(a-b) > 0 velocity strengthening 
(stable sliding)

(a-b) < 0 potentially velocity 
weakening (unstable sliding)



Conclusions



Conclusions

Earthquakes occur in 
the unstable field but 
can also propagate to 
conditionally stable 
fields

Unstable Zone



Conclusions

Nucleation size is necessary for earthquake

𝐿𝑐 =
𝐺𝜂𝐷𝑐

(𝑏 − 𝑎)  𝜎



Conclusions

Uncertainties for friction parameters 

𝝉 = 𝝁𝟎 + 𝒂 × 𝒍𝒏
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(Dieterich, 1981)
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