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Observation of Fracture in CFRP Tensile Test 

CFRP (carbon fiber reinforced plastic) has attracted 
attention as a high-performance composite material 
with high strength and rigidity, yet low in weight, and is 
being applied in various fields, such as for aircraft, 
railroad vehicles, automobiles, and civil engineering. 
This example describes evaluating the characteristics 
of a flat plate specimen of CFRP material when a 
tensile load is applied (tensile test) and observing the 
fracture status. Tensile testing consisted of static 

testing of material strength and measuring the 
modulus of elasticity using a precision universal testing 
machine. In addition, high-rate tensile impact test was 
also performed. 
In the latter case, a high-speed video camera was 
used to record specimen fracture, which allowed 
capturing image data of the instant the CFRP material 
fractured. 

The tensile test specimen tested in this example is 
shown in Fig. 1. It included 50 mm long GFRP tabs 
attached to both ends of the CFRP strip with 
thermosetting resin adhesive. Reinforcing the grip area 
with tabs ensures a stable tensile test with good 
reproducibility. 
Specimen details are as follows. 

(1) Material : Unidirectional CFRP 
(2) Shape : Strip (with tabs on both ends) 

(3) Specimen Dimensions : For static tensile testing 
200 (L) × 12.5 (W) × 1 (T) mm
For recording image of 
impact fracture 
70 (L) × 6.25 (W) × 0.3 (T) mm

A strain gauge type extensometer was attached to the 
specimen and a tensile test was performed using a 
precision universal testing machine. The extensometer 
was removed when strain exceeded the elasticity 
measurement range. It is also possible to measure 
strain by affixing a strain gauge instead of an 
extensometer. Tensile test parameters are indicated 
below. 
(1) Tensile Rate	 : 10 mm/min 
(2) Grip Distance	 : 100 mm 
(3) Test Force Detection	: 50 kN load cell 

(4) Extensometer Gauge Length	: 50 mm 
(5) Elasticity Calculation Range	 : �5/10,000 to 

 25/10,000 strain 
The elasticity of a CFRP specimen can be determined 
by calculating the slope of the given strain region 
(elasticity calculation range) in the stress-strain curve 
(Fig. 2) obtained from test results. Tensile strength can 
be determined from the maximum stress in the stress-
displacement curve (Fig. 3) before the specimen 
breaks. 
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Fig. 1  CFRP Test Specimen
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Fig. 2  Static Test Results (Stress-Strain Curve) Fig. 3  Static Test Results (Stress-Displacement Curve)
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The following values were obtained from measurement 
data. 
(1) Tensile Strength	: 346 GPa 
(2) Elasticity	 : 148 GPa 
The post-test status of the specimen is shown in Fig. 4. 
Compared to the starting status in Fig. 1, it clearly 
shows how the fibers within the resin have failed. 

To verify functionality, development of composite 
materials involves not only static strength testing, but 
also involves the objective of ensuring active safety. 
Consequently, it is important to determine the shock 
strength and understand the process of fracture 
propagation. Therefore, the fracture process during 
tensile shock testing of a CFRP specimen was 
observed by combining a high-speed video camera 
with a high-rate tensile shock testing machine. 
Observation (imaging) conditions are indicated below. 

(1) Specimen Tensile Rate	 : �6 m/s (equivalent to 200 
strain/s) 

(2) Grip Distance	 : 30 mm
(3) Camera Lens	 : �105 mm macro, with 2× 

teleconverter
(4) Camera Lighting	 : Strobe 
(5) Camera Trigger	 : �Signal synchronized with 

tensile displasement is 
s e n t  f r o m  t e s t i n g 
machine to camera 

The setup used to record video of the test is shown in 
Fig. 5, with a high-speed video camera mounted about 
450  mm in front of the specimen. Recording was 
activated by an external start trigger signal sent from 
the testing machine to the camera, which was 
synchronized to the tensile displasement. A strobe 
light synchronized to the video timing was used as 
lighting. 

Using this test configuration, a load was applied to the 
CFRP specimen according to the parameters indicated 
above and a high-speed camera captured the instant 
of fracture, at 250,000 frames per second. This image 
data is shown in Fig. 6. 

This shows 8 consecutive frames, from (1) to (8), with 
an interval of 4 microseconds between each frame. 
This camera features highly detailed image resolution 
of 312 horizontal by 260 vertical pixels that is constant, 
regardless of the frame rate. 

As this example shows, combining a high-speed video 
camera and material testing machine makes it possible 
to evaluate material properties and observe fracture 
behavior at the same time. This enables supporting a 

wide range of material development applications, from 
developing individual functionally enhanced resins to 
developing composite materials. 
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Fig. 6 Images of Specimen During Fracture

Fig. 4  Specimen Status After Static Test

Fig. 5 Setup of High-Rate Shock Test 
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