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Disordered elastic solids of soft condensed matter like
proteins, colloids or polymers are ubiquitous in na-
ture and important for modern technologies. They
can form even at very low solid volume fraction via
aggregation into a variety of complex and often poorly
connected gel networks [1, 2]. In most cases, the inter-
action energies and the size of the aggregating units
make these structures quite sensitive to thermal fluc-
tuations, with a rich relaxation dynamics [3–14], asso-
ciated to spontaneous local reorganizations often re-
ferred to as ”micro-collapses”. Investigating how such
different dynamical processes emerge at rest and how
they depend on the material microstructure remains
a challenge.
We have used 3D numerical simulations of model
solids [15] to show that, the relaxation dynamics un-
derlying the aging change dramatically if enthalpic
stresses, frozen-in upon solidification are significantly
larger than Brownian stresses [16]. The timescales
governing stress relaxation respectively through ther-
mal fluctuations and elastic recovery are key: when
thermal fluctuations are weak with respect to en-
thalpic stress heterogeneities, the stress can partially
relax through elastically driven fluctuations. Such
fluctuations are intermittent, because of strong spatio-
temporal correlations that persist well beyond the
timescale of experiments or simulations, and the elas-
ticity built into the solid structure controls micro-
scopic displacements, leading to the faster than ex-
ponential dynamics reported in experiments and hy-
pothesized by recent theories [17]. Thermal fluctua-
tions, instead, disrupt the spatial distributions of local
stresses and their persistence in time, favoring a grad-
ual loss of correlations and a slow evolution of the
material properties.
In addition to affecting the time evolution of the mate-
rial properties at rest, these processes interplay with
an imposed mechanical load or deformation [18–22]
and hence may be crucial for the mechanical response
of this class of solids. We show how tuning the struc-
tural connectivity and the local internal stresses con-
trols the non-linear mechanical response under shear
deformations. Our model gels exhibit strong localiza-
tion of tensile stresses that may be released through
the breaking of bonds, leading to a strain softening
and/or strain hardening. Our findings help to ratio-
nalize the non-linear behavior highlighted in various

experimental observations [2, 23].
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[3] P. N. Segrè, V. Prasad, A. B. Schofield, and D. A.
Weitz. Phys. Rev. Lett., 86:6042–6045, 2001.

[4] S. Jabbari-Farouji, G. H. Wegdam, and D. Bonn.
Physical review letters, 99(6):065701, 2007.

[5] A.H. Krall and D.A. Weitz. Physical Review Letters,
80(4):778, 1998.

[6] L. Cipelletti, S. Manley, R. C. Ball, and D. A. Weitz.
Phys. Rev. Lett., 84:2275–2278, Mar 2000.

[7] R. Angelini, L. Zulian, A. Fluerasu, A. Madsen,
G. Ruocco, and B. Ruzicka. Soft Matter, 9:10955–
10959, 2013.

[8] B. W. Mansel and M. A. K. Williams. Soft Matter,
11:7016–7023, 2015.

[9] O. Lieleg, J. Kayser, G. Brambilla, L. Cipelletti, and
A. R. Bausch. Nature Materials, 10(3):236, 2011.

[10] H. Conrad, F. Lehmkühler, B. Fischer, F. West-
ermeier, M. A. Schroer, Y. Chushkin, C. Gutt,
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