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Abstract

The strength of cometary material has been deter-
mined with various methods as described by [1].
Previous methods to estimate the tensile strength of
comet 67P/Churyumov-Gerasimenko (hereafter 67P)
included inferences from overhangs, cliff heights, and
collapsed features. In this study we have focused on
a different method by estimating the frictional and co-
hesive properties of the cometary material needed to
preserve the observed complex shape at the current ro-
tation period.

1 Introduction

ESA’s Rosetta mission escorted comet 67P from
August 2014 to September 2016. With the OSIRIS
(Optical, Spectroscopic, and Infrared Remote Imaging
System) cameras a detailed high-resolution shape
model [3] was constructed and the rotation state
was determined. The comet revealed itself to have
a bi-lobate shape with a diverse morphology [2]. A
deep "neck" and the tall Hathor cliff in the northern
hemisphere dominate the overall shape. The OSIRIS
data also allowed for estimates of the tensile strength.
By means of systematically quantifying overhangs
[4] the tensile strength was estimated to be 1 Pa
and less. Other measurements on cliffs by [5, 6, 7]
come to similar conclusions. Furthermore, for other
comets estimates from breakups due to close planetary
encounters [9] and sun-grazing comets [8] arrived
at values of 5 Pa and 100 Pa respectively. The
low strength of cometary bodies is therefore well
established.

The extreme shape of 67P gives a further constraint
on the bulk strength of the body, which we will explain
in this work.

Figure 1: a) The shape of 67P filled with spheres with
a radius of 40 m; b) the evolved shape after 24h of
assuming cohesion- and friction-less particles.

2 Method

The bi-lobate shape of 67P with its deep "neck"
especially in the northern hemisphere provides in
conjunction with the rotation of the body a constraint
on the material strength. Because the global shape has
not significantly changed over the course of the 2015
apparition we can explore conditions under which
material properties the shape remains unaltered.
Besides self-gravity and the centrifugal forces due to
the 12h period, the material properties can determine
the shape. To study the behaviour of different material
properties of 67P we explore parameter space with
the Soft-Sphere Discrete Element Method (SSDEM)
version of the code pkdgrav [10, 11]. pkdgrav
can efficiently treat the interaction of many thousands
of spheres including mutual gravity as well as friction
and cohesive forces. The code has most recently
successfully been applied to study the breakup of
rubble-pile bodies due to spin-up [12]. That study
showed how cohesion and friction can decrease the
critical spin period and increase the size of fragments
once the body disrupts.

In our case we are interested in finding the mate-
rial properties that preserve the global shape of the
comet. Figure 1 shows in panel a) the shape of comet
67P filled with spheres of radius 40 m while panel
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b) shows the result of the shape change under the as-
sumption of cohesion- and friction-less spheres. The
particles in this case only interact gravitationally and
due to their initial motion resulting from the bulk rota-
tion of the body. The observed shape change illustrates
how far the current shape is away from fluid equilib-
rium. The bi-lobate shape of 67P with its deep "neck"
especially in the northern hemisphere provides in con-
junction with the rotation of the body a constraint on
the material strength. Because the global shape has
not significantly changed over the course of the 2015
apparition we can explore conditions under which ma-
terial properties the shape remains unaltered. Besides
self-gravity and the centrifugal

We will present results for the final shape assuming
different material parameters, internal configurations,
and particle sizes.
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