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Table 1 The dinosaur eggs analyzed in this study
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chinkangkouensis
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Macroolishus K> S B —k (V2784b) JARBEEGH | S5 E 1965, 8K 111
yaotunensis KER=2002X%, R AHB=88 Bk, SE=

1.8—1.4 2%
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1.7—1.4 Z ¥
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Table 2 The maximal internal forces Npn,rsNomx» and the maximal stresses

ComizrTomy in the four groups of dinosaur eggshell

Ovaloolithus Macroolithus Macroolithus Nanhsiungoolithus
chinkangkouensis yaotunensis TUgUSIUS chuetienensis
Nomas 163 225 215 195
Nomaz 330 440 395 367
FE A (EX) 2.5 1.55 1.60 1.30
OPmax 65 145 134 150
Oomax 132 284 247 282
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Fig. 5 Internal forces (a) and stresses (b) of the eggshell in Macroolithus

yaotunensis under the uniform external pressure
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chuetienensis under the uniform external pressure
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BIOMECHANICAL PROPERTIES OF DINOSAUR
EGGSHELLS (1)
— THE STRESS ANALYSIS OF THE
DINOSAUR EGGSHELLS UNDER
EXTERNAL PRESSURE

Zhao Zikui

(Inssitute of Versebrate Paleontology and Palecoanthropology, Academia Sinica)

Ma Hezhong Yang Yongqi

(Beijing Universisy of Aeronautics and Astronautics)
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Summary

Dinosaur are believed to be reproducing by eggs which hatch outside the body by
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the heat of the sun or by the environmental temperature. Therefore, the incubation
period for eggs might be longer, like that of certain living reptiles.

In recent years, several studies have indicated that the conductance of water vapor
and respiratory gases, estimated from measurements of dinosaur eggshell and pore
geometry, can provide evidence for the environmental conditions surrounding embryos
during incubation (Seymour, 1979; Williams et al., 1984; Mou, 1992). In particular,
it has been suggested from some papers about dinosaur eggshells that the last exti-
nction of dinosaurs would be related to their reproduction (Erben, 1970; Erben et al.,
1979; Zhao, 1978, 1990, 1994; Zhao, Ye et al., 1991; Zhao, Wang et al., 1993).

The primary functions of the eggshell are to protect the embryo and to mediate
the interaction between the developing embryo and the outside environment. It must
be strong enough to withstand the external pressure during incubation, yet fragile
enough to crack easily when the young hatches. Therefore, it is clear that the me-
chanical properties of the eggshell have a great influence upon hatchability. There
is obviously considerable potential interest in the study of biomechanical properties
of the dinosaur eggshells.

A list of the material available for the present study is given in Table 1. Geo-
metrically, it is to consider the eggshell as the shell of revolution shaped by the
curve ABC, called generatrix, moving around the axis AB (Fig. 1). In this case, inte-
rnal forces and stress in the eggshell can be calculated by the theory of thin shell (Fig.
2). The equilibrium conditions of the shell are represented by the following equations:

R,ON,/ 86 + 8(NogR,)/ 8P + NgpR,cos ® + XR,R, = 0 (1)
9 (NoR,)/O® + R,0Npp/ 00 — NyR,cos® + YRR, = 0 2)
Ny/R, + No/R,+ Z =0 (3)

where, R, is the first radius of curvature; R, is the second radius of curvature; R,
is R,sin @,

Assuming that the dinosaur eggshell is only subjected to the symmetrical press'ure,.
the frictional force can be neglected, i. e., put X = 0, Nyp = Ny = 0, Thus above
equation becomes ’

Ny = —Ry(Ng/R, + Z) (4)

No= —F/(2zR,sin @) (5)
s

where F = j 2xR(Y sin® + Zcos®)R,dD (6)
0

Hence, internal forces N,,Ny and Ngy=Nj, can be obtained from Eqs (1)—(3), or
according to Eqs (4)—(6) under the case of the symmetrical pressure. Stress o4, 0g

can be obtained from Ng,,Ny;
Op = Ncp/h’ Og = N/ h,
in which 4 is thickness of the eggshell.

In the case of distributive load p, (Fig. 3), solution can be obtained by nume-

rical method.
First, differential is instead of centre difference:

dy[d® = (yiny — 9i21) /240
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d'y[d®* = d(dy[dP)[dD = (y;s — 2y; + yi )/ AD?
‘Then three radii Ry, R, and R, at every point can be deduced:
R, = |y;|
Ry = [(L =y )1 Iy
R, = R,/sin @;
in which @; is expressed from
g, = 1/y;

and integral
F = j: 22R(Ysin® + Zcos®)R,dD
In the case of uniform external lateral pressure
Y=0, Z=p, F= 4(: 27pyRoR, cos PdD

With software composed in Languae C the numerical solution for the mechanics
model can be obtained. Assuming the case that the eggshell is subjected to external
pressure 10 Nu/mm? maximal internal forces Ngpmars Nomaxs and maximal stresses
COomaxs Ogmax are written in Table 2. Curves of Ny, Ny, 0p and o4 are also expressed
in figures 4—7. Here, the internal forces Ny, Ny and the stresses op, 0y are expre-
ssed by ordinate, and the position of points, by the abscissa. Origins of coordinates
are chosen in the points where internal forces of stresses obtain maximal value.

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

1. Under the external pressure, the dinosaur eggshell produces much greater ci-
rcular stress o which is as much again as the stress op producing along the genera-
trix direction. Consequently, the crack in the eggshell, caused by such action of
Opmax> takes place in the generatrix direction.

2. In the four groups of dinosaur eggshell, the stress of Ovaloolithus chinka-
ngkouensis is the smallest, and the eggshell is hard to crack. On the contrary, the
stress in Macroolithus yaotunensis and Nanhsiungoolithus chuetienensis is greater
than the former, and the eggshell is liable to crack.

3. Ogmax 18 determined by the ratio of R,,,/Ah. The greater this ratio, the greater
i8S Opmaxs and the easier the eggshell to crack.



