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Introduction

Experimental Procedure

Specimen Preparations
Fracture toughness is a critical property that determines a material performance.
Polymer matrix composites are prominent and more utilized in application
that undergo extreme heat and stress. In an effort to clearly
understand the fracture toughness of a material, a double cantilever beam (DCB)
and piano hinge are utilized according to ASTM Standard D-5528-13 to test
the mode I fracture toughness of long geometry unidirectional fiber-reinforced
polymer matrix composites. Load-deflection curves are created by MTS
Simplified Tensile TestWorks to track a preexisting crack growth and speed at
room temperature. Multiple tests were run to see a pattern in how much energy
is required to propagate an existing crack at all three stages, Non-Pre-Crack
(NPC), Pre-Crack (PC), and propagation stage. Due to PMCs being an
anisotropic material, the fracture toughness of each specimen and their stages
will be slightly different. The data collected from the load-deflection curves, the
compliance calibration curves, and the corrections factors ('F' and 'N') depicts
that the mode I fracture toughness of unidirectional polymer matrix composite is
roughly 0.60 kJ/m2.

Results and Discussion

Future Work

Ø Machining:
• Initially, double cantilever beam (DCB) specimens were 0.8” wide x 6.5” long with 3.5” 

long film insert.
• The specimens were machined with the following three different types of geometry as listed 

on the Table 1.
• A schematic of machined specimen is shown in the Figure 4.

Ø Data
• MTS Simplified Tensile TestWorks software gathered the load-deflection curve of each 

specimen as shown on Figure 9(a)-9(c).
• The load-deflection curves provides the critical point (Pc) and the corresponding deflection 

point.

• Continue to use the ASTM standard D5528-13 to test the mode I Interlaminar fracture toughness
for short and medium geometric specimens

• Test the fracture toughness of carbon fiber reinforced carbon ceramic matrix composites
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Materials are vital to the advancement of technology assisting and protecting
our warfighters. Ceramic matrix composites (CMCs) and polymer matrix
composites (PMCs) are now more common than ever in applications like
missile structures, rocket thrusters, and military grade aircraft as shown
on Figure 1 and Figure 2 [1,2]. CMCs and PMCs are attractive due to their
strength-to-weight ratio, documented resistance to high-temperature, creep and
corrosive environments, and their superior fracture toughness. There are
numerous types of CMCs such as carbon fiber reinforced carbon, carbon fiber
silicon carbide, oxide-oxide, silicon carbide-silicon carbide, etc. See Figure
3 [3].

These properties translate into improved performance, reduced weight, and
decreased costs for both long-range missiles and aircraft. This work focuses
on improving understanding of CMCs and PMCs mechanical performance
under various environments.

Phase One of our research centers on PMCs fracture toughness at room
temperature. Fracture toughness is the amount of energy or stress necessary
to propagate an existing crack. The three failure modes of interest according
to the Fundamentals of Fracture Mechanics are Mode I, Mode II, and Mode
III [4]. A preexisting crack is present for all modes, but the direction of
applied load to propagate the crack differs. Mode I has a direct stress normal
to the delamination plane. Mode II has a shear stress perpendicular to the
delamination plane. Mode III has a shear stress parallel to the delamination
plane. This research focuses primarily on Mode I. ASTM Standard D5528 -
13 was the test method employed [5].

Figure 1 – fighter jets

Figure 2 – Long range missiles

Figure 3 – CMCs sheets
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PMCs have anisotropic properties. Hence, the fracture toughness values for each specimen are
different but close in value. The G1c for the propagation stage is the focal point of our study. Based
on the data, the fracture toughness of the PMC studied is approximately 0.60 kJ/m2. This signifies
that a preexisting crack under stressed conditions will propagate at every 0.60 kJ/m2.
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Table 1– Specimen Dimensions

Figure 4 – Schematic of a specimen

Ø Attaching Piano Hinge:
• A piano hinge as shown in the Figure 5 was attached with the specimen using epoxy resin.
• Three copper wires were used to control the bond line thickness of epoxy resin.
• After 24 hours of curing, the cross sections of the specimens were captured (Figure 6) by an 

optical microscope.
• The bond line thicknesses (0.26 mm) of the epoxy resin at different locations were measured 

and found uniform, as shown in Figure 6.

Figure 5 – A piano hinge Figure 6 – Optical image of bond line thickness

Figure 9 – Load-deflection curves for all three long geometry specimens

Ø Calculations
• The mode I interlaminar fracture toughness (G1c) equation 

is Glc=((mPcδc)/(2ba))(F/N).
• Table 2 shows the fracture toughness of each specimen at 

their different stages.

Mode I Interlaminar Fracture Toughness 
(G1c) (kJ/m2)

Specimen 1 Specimen 2 Specimen 3
NPC 0.66 0.58 0.80
PC 0.67 0.72 0.57

Propagation 0.59 0.60 0.59

a) Specimen 1 b) Specimen 2

c) Specimen 3

Table 2 - Fracture toughness of all three specimens at their 
different stages.

• The compliance calibration ensures that the result 
of each stage correlate with each other.

• See Figure 10 for the compliance calibration for 
specimen 1.

Figure 10 – Compliance calibration for specimen 1

Figure 7- Experimental set-up for fracture test Figure 8- Measurement of crack length

• The DCB specimen is gripped to the test machine through the piano hinges (Figure 7).
• Specimen undergoes a constant displacement load of 1 mm/min.
• Test Works software records the load versus cross head displacement data.
• Three stages are analyzed: NPC, PC, and Propagation successively. 
• After each stage, the test is stopped and the load returned to zero.
• A caliper tool is used to measure crack length (Figure 8).
• White paint is placed on the side of material to determine where the crack travels, along with 

multiple black line markings that are 3 mm apart.
• The first line is NPC and the second line is PC.
• After testing for PC, Propagation is analyzed.
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