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Introduction Inelastic mechanisms In soft matter materials
New materials are a key driver for the progression of éwenbubnment. An astonishidThe Brownian motion based microscopic model
iInterplay of microstructural phenomena in biologicalialt@sults in macroscopic properfie K K

exceeding by far those of our engineered materials. Thpsojict investigates microscopl
mechanisms In soft matter materials characterized bynbeFgnt network microstructure. o Ven X v*

cytoskeleton actin network tough hydrogel

To successfully adapt characteristics from natural toeengg materials, we:

e Identify characteristic mechanisms in natural soft matter mgterial
e developmicroscopic models to approximate those,
e transferthem to scales relevant for engineering applications.
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Each macromolecule i1s modeled based on Gaussian chhos si&itl

o(r ) = %% 2 exp g 2. g(r) = ng 2 and A(r) = ng 2 with = :—O:
Viscosity is assumed to be concentrated at the chain ets) whioh move based on
V. =V + Vg
ewherev = |r =2represents the motion of the surrounding viscous meddim, an
@V, = ir Uen(r ; t) is the motion of the thermally active chains.

Insertion ofJn(X ;1) = kg Inp(x;t) + U(x) yields the relative motion of the end points

Network representation of soft matter materials (V' v )=re= — =1 Dr Inp( ;)+>2 with D = 2XB_

The response of soft matter materials Is described by dmepadstion into: _ _ L . 2 _ i _

selastic ground networkvhich incorporates the strongly cross-linked macrafeslend The rg-orlentatlon and re-distribution of the chain isgiven by the modi eBmoluchowski
produces the macroscopic elastic response; equatioras 3

e vViscous mobile subnetwaxkich is formed by superimposed mobile macromolecediesbp: @( ;t)= div p( ;) +div D p( ;t)r Inp( ;t)+ 5 2

entanglement mechanisms. It Is transient in nature aondsede for the viscous overstrgs

The di usion based homogenized macroscopic response
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=7 vyt 5\ The homogenized viscous response Is obtained througbhducetnicro-deformation map
. y Lo P P nally resulting in an evolution equation of the farm6D C ' A and closed form
Free energy: e(g’ FV) " (S’I F) ;N'th - ; iV:1 ' (9; IV i F) solutions for the energy and overstress as i
Stress: = °+ Vwith ©=2 'F) an =2 | F H |
o - _PS@ (0 ). _@ (0 ) V=2V A:C 3 In detA and Y= YFAF':
Elastic mechanisms in soft matter materials Homogenized response of engineering applications
The maximal-advance-path-constraint based microscopic m odel Inhomogeneous shear of a rubber plate
Assuming that junction points do not perform any thermadmatat all bers in the networ s
are of one single type and uniform properties, that tiad matwork consists of bers with the ) \22"’5”;"” vecs e of e soncimen
same end-to-end distance oriented isotropically, anth¢hdeformation of bers with equgl . XZ -
initial orientation coincides strictly, the followingsstzal description is possible: E O< g —| !
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The maximal advance path constraian then be derived as

Average
Stretch distribution p; (I ) of the 5 viscous subnetworks stretch distribution p(I)

_ Average
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The homogenized macroscopic response e mrosteteh detbton 1 (1) of e S ecous asbnetor .
With the assumption that the network total energy can bessgprin terms of the stret¢h 2 |
vector , the constraint variational pz’nciple of minimum avefeg@@nergy IS given as C b
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which results in the homogenized equilibrium stress as
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