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Tab. 1 Geometric data of four kinds of dinosaur eggs (mm)
ENRS A B C D
egg type
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Fig. 4 Distribution of stress of dinosaur eggs hells
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BIOMECHANICAL PROPERTIES OF
DINOSAUR EGGSHELLS (III)
——THE MECHANIC ANALYSIS OF THE BABY
DINOSAURS’ EMERGING FROM THEIR EGGS

Ma Hezhong

(Beijing University of Aeronautics and Astronautics, Beijing 100083)

She Dewei Zhao Zikui

(Institute of Veriebrate paleontology and paleoanthropology, Chinese
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Summary

The eggshell strength has a great influence upon hatchability. Generally, eggs-
hells must be strong enough to withstand external pressure during incubation. It has
been shown that the eggshell thinning in some kinds of birds as the result of inta-
ke of DDT or other chlorinated hydrocarbons is the cause why they were near ex-
tinction. On the other hand, eggshells need to be fragile enough to crack easily
when the young hatch. If the eggshell strength is greater, it is hard for the young
to emerge from its eggshell.

The purpose of this paper is to analyze the stress of dinosaur eggshell loaded
by the hatchlings when they hatch, and four types of dinosaur eggshells are availa-
ble (see Table 1 of Zhao et al., 1994; Table 1 of Ma and Zhao, 1994).

Most of the living reptiles have flexible, parchment-like eggshells composed of
fibres and relatively small amounts of calcium carbonate., The hatchlings, each equ-
ipped with a small, sharp “egg tooth”, crack their eggshells to emerge. However,
the young birds poke at the blunt end of the egg with their beak, then struggle
out from their eggs. The hatching process of baby dinosaurs seem to differ from
that of the living reptiles and birds. The dinosaur eggshells are thicker, and it is
uncertain whether the young dinosaur is equipped with an “egg tooth”. Therefore,
it is reasonable to think that they could exert distributive load instead of concentric
load on the eggshells when they hatch. Zhao et al. (1994) advanced that the dino-
saur eggshells can be considered as rotational thin shell. In this case, the circular
stress og and the stress o, producing along the generatrix direction on the eggshell
can be calculated by the membrane theory (Timoshenko et al., 1959). For the sake
of convenience, let us take a practical assumption: that the forces exerted by the
young within the eggshell are along the normal direction, Z = p, the acting forces
in the inner face of the eggshell, X =Y = 0; the pressure are symmetrically
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distributed along the eggshell for the geometric symmetry axis. Hence the internal
forces, Nxy = Nyx = 0. The equilibrium equation in the symmetric direction can
be simplified and integrated into the following form:
®
op = /%ROJO oghR cos pdO , ¢))

where, R, is the parallel circle radius at this point on the eggshell, R, is the radi-
us of generating curve at this point, ® is the angle between R, and the rotational
symmetry axis, as shown in Fig. 1.

The equilibrium equation in the normal direction on the eggshell can be writ-

ten as:
Ry0p + 09 = Ryp,

in which Ry, = R,/R,;sin®, Ry, = R,/hsin®. It can be seen that o, and o, are in
inversely proportion to the eggshell thickness h, but in proportion to R, or R,,.
The above equation can be rewritten as: ’

09 = Royyp — Ry 0o. 2
It shows that the minor R, leads to the rise of R, and R0y, thus to the decrease
of ag.

The eggshell, as the rotational thin shell, is formed by a curve moving around
a rotational axis. Its circular stress oy is always greater than the stress o producing
along the generatrix direction, and becomes the maximal stress. According to the
strength theory, the mechanic criterion of the eggshell broken by the young is:

0g == Obroken
where Opgopen 15 the drawing stress causing eggshell breakage. Assuming that the eg-
gshell is thinner, the rotational radius, greater, and the generatrix, straighter, the
eggshell is easier to crack. That is to say, the baby dinosaurs can easily crack their
eggshell to emerge. On the contrary, it is hard for them to hatch.

From (1) and (2), we can calculate the values of oy, op on the eggshell under
action of forces exerted by the young. Because of the irregular shape of the eggsh-
ell, numerical method is used to substitute the integration (Li et al., 1986).

In order to depict the pressure aspects on the eggshell loaded by the young,
we put a group of distributive pressure against the inner face of the eggshell. It
turned out that the pressures are greater in the middle portion of the egg, zero in
both ends; the resultant of forces along the long axis of the egg is zero, too. The
distribution of inner pressure loaded by the baby dinosaurs is shown in Fig. 3.

According to the given data, the stresses op, 0p can be calculated and shown in
Fig. 4.

Based upon the foregoing calculation, the following conclusions can be drawn:

1. Assuming that the pressure against the eggshells loaded by the baby dinosa-
urs is the same, i.e. the eggshells are all subjected to maximal pressure 10 N/cm?,
the maximal stress oy is only 155 N/cm? in the type A of dinosaur eggshell, and
about 350 N/cm’® in the types B, C and D. It can be seen from Fig. 4 that the
stresses og and og increases with the pressure p, and with R/A, too. The type A,
represented by Ovaloolithus chinkangkouensis, is completely preserved eggs or egg-
fragments in situ without being transported (Young, 1954). Because the type A has
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the low stress level, it is hard to crack under action of external pressure (Zhao et
al., 1994). Therefore, we believe that the egg-fragments in sizu were caused by ha-
tchlings when they hatched.

2. The maximal stresses o, 0p in the four types of dinosaur eggshell analyzed
here are all arising near the point with the greatest diameter.

3. When the young hatches, the circular stresses o, is much greater than the
stress 0y producing along the generatrix direction. Consequently, the crack in the
eggshell, caused by the young, takes place along the generatrix direction.

A nest of the dinosaur eggs, identified as Elongatoolithus elongatus (Zhao,
1975), has been collected in the Upper Wangshih Series of Laiyang, Shandong Pro-
vince (see Fig. 4 and plate I, 1 of Young, 1954). It is very interesting that at le-
ast eight of the eggs and many broken egg-fragments still lay in situ and concentr~
ated at one end of the egg. It is unlikely that they were broken by erosion. The
only cause why they were broken is that they have been hatched (Young, 1954).
The geometric data of these eggs is similar to that of the types B, C and ‘D. It is
evident that the present result is consistent with Young’s explanation.



