Stress

Stress:  (sigma) = Force/area

Mass x acceleration/Length2
Dimensions: 

ML/L2T2 = M/LT2
Units (Pascal):

Kg/ms2 = Newton/m2
MegaPascal (MPa) = 106 Pa 

1 atmosphere = 1 bar = 105 Pa

Kilobar (kbar) 1000 bars = 108 Pa = 100 MPa

Stress in Earth’s crust increases ~27MPa/km

Vector components

We can resolve stress on a plane into 2 vector components: 

Normal stress (n)

Shear stress (s or )




Principal stress direction: normal to this direction, there is no shear stress ( = 0)



We can always define 3 principal stress directions at 90 deg. to each other_



3 principal stresses: 1> 2 > 3 

or 

max > inter > min

Simple reference states of stress

Hydrostatic stress (pressure): 1= 2 = 3

What is stress at a depth of 10 km in the ocean?

Stress = density. gravity. depth

 = .g.h

= 1000kg/m3 9.8 m/s2.104 m

= 108 kg/ms2

= 108 Pa = 1 kilobar

Lithostatic stress: use rock density: 2750 kg/m3

Same calculation: stress = 2.75 kbars

In lithostatic stress it is possible that: 1> 2 > 3. Depends on the strength of the rock.

Uniaxial compression:1>0; 2 = 3=0

Uniaxial tension:1 = 2 ;  3<0

Mean stress:1 + 2 + 3)/3

Differential stress:1 - 3) or (max - min)
1 - 3) can be large in the brittle upper crust (0- 10 km).

Tends to decrease at deeper levels (ductile behavior).

Present day stresses

Borehole breakouts: circular hole becomes ellipse, long axis parallel to smin

Hydraulic fracture: use high pressure water in bore hole– fractures form parallel to smax

Earthquake focal mechanisms – first motion studies. Stress drop (1-10MPa) and orientation.
Paleostress:

Anderson’s theory of faulting

Normal faults: smax is vertical, smin horizontal

Thrust faults: smax is horizontal, smin is vertical

Strike-slip: Smax and smin horizontal, sinter vertical

Frictional heating during ancient earthquake:

 = rcA/D

shear stress = (density . heat capacity . area)/ displacement










