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Displacement Discontinuities

Poly3D usesdisplacement discontinuities, which can be confusing at first, but onceyou
understand the concept, it isnot hard to apply. Simply put, adisplacement discontinuity
isadiscontinuity in displacement. Thisdiscontinuity usualy happensat ageologic
discontinuity such asajoint, crack, fault, or fracture. The digplacement ismovement of
therock inany direction. If you look at the graph of thisdisplacment in Figure 40, with
horizontal distance from crack onthe x-axisand the amount of displacement onthey-
axis, you can seethat the displacement isdiscontinuousat the crack, and continuous
everywhereelse. Thereisn't any rock in crack, so there cannot be any movement of
therock insdethe crack.

Figure 40:
Graphillustratinga
displacement disconti-
nuity of the opening
fracturein Figureb.
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ment on the edges, distance"x displacement: amount of displacement at a
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approach thefracture.
Thedisplacement is
discontinuous at the
fracture.

For example, consder the verticaly propagating fractureshowninFigure4l. The
displacement of the rock masson both sdesof thefracture areillustrated by the ar-
rows. Asyou movefarther fromthe crack the displacement decreases, as shown by
thedecreasing Szeof thearrows. At the center of the crack, the displacement is
discontinuous becausethe arrows change direction at thisinterface. Thiscan be seen
by the asymptoteinthegraphin Figure40. Theinterfacewould also be considered
discontinuousif the arrows suddenly changed magnitude. InPoly3D, thisfracture
would be considered adisplacement discontinuity because the displacement isdiscon-
tinuousaongthefeature.

Figure 41:

Vertical propagation of an
opening mode fractureis
illustrated with increasing
ovals. The displacement
field around the fracture
is shown by the arrows. — — —_— —
Thisfractureisadis-
placement discontinuity
because arrows point
opposite directions on
opposite sides of the
fracture.
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Half-Space vs. Whole-Space

Throughout thismanual, wetalk about whole-space and half-space, so it’simportant to
understand the difference between thetwo.

Space, smply put, isthevolume of areathat you' Il beworking with and isusualy
illustrated asa 3D block asshownin Figure42. Poly3D, and most other numerical
modeling programs, assumesthis space to be occupied by some elastic material (such
asnon-ductilerocksat shallow depths). You will be ableto definethe elastic properties
of thismaterid (such asPoisson’sRation, Young'sModulus, Bulk Modulus, etc.) when
you usethisprogram. Althoughit isportrayed asmeasurable block, it can be assumed
to beinfinitly large, but will still be portrayed asablock.

While creating theinput file, Poly3D will ask you to define the traction and displacement
boundary conditionsof your space. Thisrefersto the stressesand strainson all sdes of
your space. Theseparametersareillustrated in Figure42. Thedifference between
half-space and whole-spaceisthat half-space has onetraction-free surface. 1nother
words, thereareno stressesonthe surface. Theearth’'ssurface canbetreated asa
traction-free boundary which affectsthe distribution of stresses, strains, and displace-
mentsinthe upper crust.

Half-gpace significantly increases calculation time because there are three times as many
equationsaswhole-space. Asageologist, however, you should amost awayswork
with half-space, unless.

1. Youaresolving awhole-space problemin solid mechanicsunrelated to the
earth sciences.

2. Thegeologic structuresyou are modeling and observation gridsyou define
areburied very deeply relativeto ther length.

S 2
Figure 42: E LH7HF
Spaceisillustrated as 7@3 , ST

a3D block. Traction S5

boudary conditions Sis S,
(stresseg/strains) are S,
shown on each face of =S
the block. Sau TS S,S 7"
S» S,,
Sy S,

Elastic whole-space Elastic half-space

(traction boundary conditions on all faces) (top surfaceistraction-free)
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Remote Stresses/Strains

When solving geologic problems, sometimesit isuseful to apply far field

“tectonic” stressesand grains. Theremote boundary conditionsthat you will definein
Poly3D represent ahomogeneous stressy/strain field over the entireelastic body. From
these boundary conditions, Poly3D calculatesthetotal stress/strain at apoint. 1t does
thisby adding the components of remote stress/'strain with the stress/strain arising from
displacement discontinuitiesacrossall boundary elements.

For example, the horizontal tectonic forces shown in Figure 43 would be entered into
Poly3D astheremote boundary conditions. Poly3D will calculatethe stress/strain due
to the displacement discontinuitiesand add themto the remote boundary conditionsto
get thetotd stress/strainat apoint:

stress + stress = stress,_,

remote stress displacement discontinuities

Figure 43:

The horizontal teconic
forces, s,, arethe
remote boundary
conditions entered

Earth’s Surface

into Poly3D. Poly3D | — - -
calculates stress due | S, Q{§ Sh
todisplacement | — ™ '
discontinuitiesto find | — S
the total stress at a
point.
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Tensors

Stress/strain components of 3-D systems can be resolved into 9 stress/strain compo-
nents because each stress/strain vector acting on each of three planes can beresolved
into three components of stresy/strain, one normal and two shear components. The
three components acting on each surface are considered the tensors of that surface.

S 33
3
. 5 32 S
Figure 44: / 3

Thereare 9 stress/ P / 3

strainvectorsina3-D ) s Sy
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. 21 11
are considered tensor -
Vectors. S, . Tensor Vectors
2 onthehorizonta surface
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