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Introduction 

The soundness of avian eggshells has been of interest to scientists in 

various fields. The poultry industry, for example, has long been interested in the 

factors that influence eggshell breakage. 6% to 8% of all eggs laid are broken 

during handling leading to $600 million in losses (Bain, 1991). Scientist in this 

area have most often studied eggshell breakability in terms of an external 

crushing force and the classification of the possible types of stresses exerted on 

eggs during shipping and handling. Similarly, material scientists have been 

interested in avian eggshell from a materials science perspective because of its 

primarily calcium carbonate make up. (Schmit-Neilsen, 1984) These type 

studies give a biological perspective on material science studies done with 

ceramics. 

On a biological level, eggshell physiology lends itself as a tool for use with 

in many fields of biology. Conditions directly affecting eggshell strength are bird 

physiology, eggshell properties, bird behavior, environment, nutrition, and 

genetics (Washburn, 1982) Eggshell strength can be utilized as an assay to 

detect answers to various biological. For environmental scientists, eggshell 

breakability can be used as an indicator of possible environmental effects of 

pollutants on the hatching of avian eggs native to that area and other local 

wildlife. Often such effects on the ecology of a surrounding area are used as 

biosensors for the human population in that area. Similarly, geneticists can study 

the effect of parental genetics on the development of eggshells. In addition, 



eggshell characteristic have been of interest to biomedical researchers as well. 

Dupoirieux suggests that, due to its mechanical properties, it biological nature, 

and its relative inexpensiveness, ostrich eggshell may be used in maxillofacial 

surgery for facial reconstruction. They found that shell implants maintained good 

contour and had little inflammatory reaction. When grafted they found the 

implants to be stable and partly osteointegrated. (Dupoirieux, 1999) 

Eggshell characteristics can also give insight into various evolutionary 

questions. Ar et al. looked at the correlation between eggshell porosity and shell 

thickness. They found that the ratio of total pore area to thickness has evolved to 

meet the forthcoming metabolic demands of the embryo, which is a function of 

mass. (Ar, A, 1979) In addition, it has been noted that eggshell strength 

increases with thickness. (Vleck, 1996) Therefore, it is possible that variance in 

eggshell strength that has evolved between species is correlated with the 

metabolic rate of specific species. 

In the area of developmental physiology, there are several applications of 

the study of eggshell breakability. One immediately obvious question is the 

effect of eggshell strength on hatching. The cost of hatching has been averaged 

to be 4.9% of the total amount of energy used during incubation (Vleck, 1998). It 

has been found that, during development, hatching may be one of the most 

energetically expensive tasks for a bird. This energy spent varies with the length 

of the hatching process (or the pip to hatch interval). One would expect 

energetic cost of hatching to increase with the energy required to break out of the 

shell (Vleck, 1996) The energy required to break out of the shell varies with 



different characteristics of the shell. The eggshell serves dual, contradicting 

purposes for the animal. First, it must give a "skeletal" support, which it does by 

utilizing the dome principle. (Ar, A, 1979) The eggshell shape and thickness 

must be able to withstand mechanical stresses from the weight of the incubating 

bird as well as its own mass. The same shell, though, must be thin enough for 

the bird to successfully hatch out of it. Second, eggshell structure must be 

adapted to regulate gas exchange of the embryo as well. The problem of shell 

thickness and hatching may become more important in bigger birds because of 

the increase in shell thickness but a lower specific metabolic rate. (Ar, A, 1979 

and Vleck, 1998) The strength of a shell may account for the high cost of 

hatching. This question can be extended to ask: does eggshell breakability 

change through development to aid the bird in hatching? 

The applications of studies of eggshell breakability are various but to be 

effective a base line or index of breakability should be established. This has 

been attempted by biologist and material scientists alike. The difficulty in this 

task lies in the vast differences in eggshell thickness and shape and a lack of a 

standard testing procedure. 

Various testing procedures have been utilized in studying eggshell 

soundness. Eggshell soundness depends on the strength of the shell as well as 

the magnitude of the load administered. (Coucke, 1999) To accomplish this, 

Tyler and Moore crack eggs from the outside by dropping balls on eggshells until 

the shell cracked. They also used crushing methods by using a flat plate, a flat-

ended peg, a round-ended peg, and a needle. (Tyler and Moore 1965) Tyler 



concluded that the outer surface of the shell, based on snapping strength, was 

stronger than the inner surface. (Tyler 1969) Entwistle et al. point out two 

fallacies in Tyler's procedure and results. To begin with, Tyler only took into 

consideration the force and length to determine the bending moment. These 

dimensions are too simplistic. Tyler failed to take into consideration the lateral 

curvature of the eggshell. In addition, the procedure for the outward snapping of 

the shell did not take in to account the damage done to the shell while being cut. 

Entwistle et al suggest that two conditions must be satisfied in testing eggshells. 

First, the test must be administered so that the fracture stress conditions are 

generated in areas of the shell that are not damaged during preparation. 

Second, the test should administer the maximum tensile strength on the inner 

and outer surface. In their set up, Entwistle et al. ran a four-point bend test using 

neoprene rings to obtain the fracture force. Entwistle et al found results 

contradicting Tyler. In their study, they found the inner surface to be stronger 

then the outer surface. (Entwistle, 1995) 

Camarius et al suggest that the most reliable way to assess eggshell 

strength is the puncture test because the variability contributed by eggshell 

geometry is reduced since it tests the materials strength. They specifically 

studied specimens from the equatorial region of the shell because this region 

was found to have the most consistent thickness. (Carnarius, 1996) Coucke et 

al. performed a vibration test to study the mechanical stiffness of eggshells be 

means of a light mechanical force. The resonant frequencies of the eggs were 

determined from which a conclusion about eggshell strength/ quality could be 



drawn. Most importantly, Coucke et al point out that when a fracture force is used 

as an indicator of eggshell strength in a quasi-static compression test it must be 

noted that most forces acting on eggs are dynamic in nature. (Coucke 1999) In 

addition, Bain suggests that eggshell stiffness measured in a quasi-static 

compression test and the ultimate fracture force of an eggshell are two different 

mechanical properties and are independent of each other (Bain 1992) 

Unfortunately, most methods for measuring eggshell strength do not quantify 

basic physical properties because of their complexity and biological nature (Bain, 

1992) 

Eggshell physical properties such as shell thickness and shape vary 

considerable within and among species. (Ar, 1979) Mechanical stiffness 

depends on the thickness of the eggshell, the curvature of the eggshell, 

diameter, and Young's modulus (Bain, 1992) Variations in the shell are due to 

material and structural differences. Structurally, differences include eggshell 

thickness shape, size and distribution of shell across the egg. Material 

properties, though, depend on the type and association between the minerals 

and organic components of the shell. (Coucke, 1999) The material composition 

of a general eggshell is calcium carbonate, magnesium phosphate, and 

tricalcium phosphate. (Dupoirieux, 1999) Entwistle et al described the eggshell 

composition by saying that the outer part of the thickness of the shell is a 

composite material made of calcite with an organization and network present 

between nuclei while the inner part is solely calcite oriented randomly. This 

would lead to different inner and outer fracture forces. (Entwistle, 1995) Also, as 



pointed out earlier, shell strength increases with shell thickness. Eggshell 

strength and composition has also been correlated with calcium diet, diet in 

general, insecticides, shell microstructure, specific gravity, incubation period and 

shape index. (Ar, 1979) 

In this study, emu (Dromaius novaehollandiae) eggshells were studied. 

Emus were chosen because their eggshells are considerably thicker than most 

avian eggshell. (Vleck, 1996) This made the material less brittle and more 

conducive to study because less damage was incurred on specimens while they 

were being prepared. Also, of thick-shelled avian eggs, emu eggs were most 

accessible. 

To study the amount of force needed for a bird to externally pip, it would 

be most accurate to run a fatigue test. This is because a bird attempting to 

breakout would actually be fatiguing the shell instead of puncturing it. Due to 

time constraints and for simplicity sake, a three-point bend was run instead as 

seen in Figure 1. A three-point bend tests gives the bending moment of a given 

material. For the purposes of this study, the three-point bend gives the force (or 

bending moment) need to break an emu shell at a negative curvature. This test 

satisfies conditions for eggshell testing set forth by Entwistle et at. as stated 

earlier. The area to which the stress is applied on the specimen has not been 

damaged by preparation of the specimen. The stiffness of emu shells allows little 

damage to be done to the specimen during preparation. Second, due to the set 

up of a three-point bend, the maximum tensile stress is applied to both sides. 

The three-point bend also evens out the stress distribution because the stress 



will only go as far as the edge of the cut specimen. In addition, the materials 

used in the set up should have very low elasticity for a fracture test of this low 

magnitude. 

Figure 1 
Set up of a three-point bend test. 
Arrows indicating direction of the 
stress applied to the specimen. 

Materials and Methods 

Emu eggs were obtained from Cross Timbers Emu Ranch and 

transported to the University of North Texas. Twenty-four eggs were incubated 

in a forced draft emu incubator (G.Q.F Manufacturer Model #1536E). At Day 15, 

Day 30, Day 52, eight eggs were removed from the incubator. The eggs were 

placed in a desiccating chamber with Halothane soaked cotton for a minimum of 

thirty minutes. Each egg was measured laterally and the center most point was 

determined. On either side of the center point, two parallel lines 3 cm apart were 

drawn along the radius of the egg. A high-speed rotary tool (Dremel Multi- Pro 

3966-01) was used to dissect this equatorial region out by cutting along the lines 

drawn. If an animal was present, the animal was removed and the eggshell was 

cleaned out with water taking care to keep the inner membrane intact. For the 

blunt and pointed region, a parallel line 3 cm from the edge of the previous cut 



was drawn and cut giving two more dissected rings. The diameter on either side 

of the ring was measured using a caliper. Each ring was then cut into 5 pieces of 

almost equal length. The center most point was marked on each cut piece. 

The eggshells were broken using a Materials Testing System MTS 810 

Hydraulic System operating on the Teststar OS/2 platform. A hollow bullet 

weight was rounded to the approximate curvature of an emu hatchling's beak. 

Threads were made in the bullet weight and in an aluminum dowel with a V2 in. 

diameter so that they could be screwed together to create a round-ended peg. 

This was placed in the actuator and the pieces were placed on a cut piece of 

PVC piping with a diameter of 2 in., which was placed on a plate on the bottom 

portion of the testing system. A three-point bend test template was set up to 

have a rate of 10 mm/sec and a stopping point at 3 cm. The control mode was 

set to be stroke mode and a ramp mode was used for the rate. Before the tests 

were run, the system was set up to have a 2000 lb maximum load for increased 

load sensitivity. 
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