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As seen in the images below, the calculated strain field was not uniform. While this was anticipated in 

the area around the open hole, it was not anticipated along the top edge.  As such, different strain 

measurements were found depending on the area chosen as shown in the DIC images below for full field, 

small local field, and full hole area measurement. Full field measures the strain of the entire gage section, 

small local field measures the specific areas of high strain around the hole, and full hole area measures 

symmetrically around the entire area of the hole. 

The images and correlated stress-strain curve shown below are of a representative specimen from this 

test group. The maximum stress for this specimen was 332 MPa. These results remained consistent 

throughout the tests and are consistent with published values for OHC of quasi-isotropic laminates [5]. It is 

worth noting, in the graph below, that strain varies depending on the field measurement chosen.
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Notched IM7 carbon fiber/RS8 Bismaleimide coupons with a quasi-isotropic 

lay-up of [+45/-45/90/0]s were tested in compression using an Instron 5984 

load frame. The load was recorded at the same time each image set was 

captured, allowing for the generation of stress-strain relationships. A 

sandwich structure coupon based on compression and compression-after-

impact standards was used. This sandwich structure consists of composite 

laminate sheets with an aluminum honeycomb core [4]. The structure is used 

to increase the bending stiffness of the laminate. To capture failure using DIC, 

one of the faces of the coupon has a hole of diameter 0.25 inches. This 

ensures that the laminate will fail on that face and the damage progression is 

recorded.

The main method for testing consists of applying a preload of 7000 lbf at a 

rate of 0.05 inches per minute. Afterwards, the coupon was loaded to failure at 

a rate of 0.1 inches per minute as images were taken at 100 lbf increments

The purpose of this project was to prove that the amount of testing 

required to establish compressive material properties of carbon fiber 

composites can be reduced by the use of Digital Image correlation (DIC). 

DIC aids in the visualization of strain concentrations while quantifying 

defects and material properties. In addition, DIC was used to understand the 

damage progression on carbon fiber composite materials

Composite materials are widely used due to their light weight and the 

ability to tailor the properties to the user’s specifications. Further investigation 

on the techniques used to quantify material properties and to develop a better 

understanding the damage progression are needed.

Testing notched coupons is beneficial as the parts are optimized for 

damage tolerance thereby reducing time and cost of testing. Additional 

advantages of these tests are that machining of the coupon is not critical, the 

location of failure is known, and notched samples simulate worst case 

defects[1].

In this study, Digital Image Correlation (DIC) was used visualize the 

damage progression. DIC was used to measure the strain as the material was 

compressed. DIC uses a system of high resolution cameras to capture images 

of a speckled coupon as the load is applied to the coupon [1]. This set-up 

allows for the measurement of full-field, far-field, and local-field strains

Quantitative visualizations of strain are then associated to stress 

concentrations as well as damage progression [2]. In fact, DIC measurements 

present the same results as other measurement techniques including Moiré 

fringes, strain gages, and LVDT sensors [1,2]. 

Some studies have also found that by using DIC, sub-layer 

delamination and cracks can be recorded and measured [2,3].

The results of the small field strain and stress at failure matched the 

published values for the compression tests at 1.4% strain and 332 

MPa [5]. 

Plastic strain was noted as high as 0.2% strain with load 

durations as short as 35 minutes for the static fatigue test. 

Through the processing of the images taken using DIC, the 

strain can be visualized. These images also provide a way to visualize 

the damage progression up to failure. This provides evidence towards 

the claim that DIC is an accurate and effective way to quantify 

defects and material properties.

As shown in the data and results section, by creating a hole on 

the face of interest, a stress concentration can be quantified around 

the hole. The hole forces the strain/stress to accumulate around it due 

to a variation in the coupon geometry. Therefore, this coupon 

standard compliments DIC allowing images to be recorded to 

visualize strain. 

A static fatigue test was also conducted in which a constant load at 80% of the failure load was 

applied. The following images represent (from left to right): the coupon compressed at a load of 6500 lbf

initially, the same coupon at the same compression after 35 minutes, and finally the coupon after the load was 

removed. An increase in strain concentration is visible between the first two images. More importantly, plastic 

strain concentrations are visible on the last image after the specimen was unloaded.
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Future Studies
Further investigation on the response due to static fatigue tests 

of the carbon fiber composite coupon is planned. An 

improvement of the method and more testing may provide better 

evidence to support the conclusions made. More tests will be 

made to further prove the ability of DIC to capture damage 

progression.

Compression after impact is one of the parameters that is 

assessed in the selection of materials for a part [6]. The impact 

done in the lab represents the damage that occurs in the field 

[7,8]. Therefore, damage progression of coupons undergoing 

compression after impact tests will be studied using DIC


