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Digital Image Correlation: Displacement Measurement Tool of 
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ABSTRACT
Displacement for tensile test of plant fibers is often measured indirectly by using the crosshead movement of Universal Testing Machine (UTM),
incorporating the system compliance (Cs) correction following ASTM C1557-14. In addition, this method must carry out at three different gage lengths of
the same material to establish the Cs correction values. Digital Image Correlation (DIC) is another measurement tool commonly used in composite material
and has the potential to be used to measure the displacement of a single fiber bundle of plant fibers. Therefore, the objective of this study is to characterize
the tensile properties of alkali-treated grape cane fibers at three concentration levels (1%, 3%, and 5% of sodium hydroxide),measured by two different
displacement methods. The treatment concentrations were labelled as N1, N3, and N5, respectively. The grape cane fibers were categorized into two fiber
types, namely outer bark (OB) and inner bark (IB). Sample preparation for the DIC method and fiber elongation during the test to determine Young’s
modulus will be highlighted. In general, treatment concentration influenced the tensile properties of grape cane fibers, regardless of the fiber types. Lower
concentrations resulted in better overall tensile properties. OB fibers had approximately six times higher tensile properties than IB fibers. Comparing the
displacement methods to calculate Young’s modulus of these fibers, the DIC method produced better measurement with less variation when compared
with the Cs method. The findings from these results showed that the DIC method can be one of the measurement methods for single bundles of plant
fibers. In addition, this method can significantly reduce the number of test specimens and testing time.

Keywords: digital image correlation, alkali treatment, tensile properties, bark fibers, non-wood fibers, agricultural waste, single-fiber tensile test

1. Cane is a mature shoot after one year 
growing 
2. World vineyard acreage (2014)
~ 18 million acres
• Spain – 2.34 million acres
• China – 1.97 million acres
• France – 1.88 million acres
• Italy - 1.71 million acres
• Turkey – 1.24 million acres
• United States - 1.04 million acres
3. One vine produces 0.5 to 2.0 kg (dry
weight)~ 1 ACRE - 2 tons of grape cane
4. WHAT HAPPENS TO THE GRAPE
CANE AFTER PRUNING SEASON?
• Mulched or burned ~ 20 – 80 Euro/
acre

5. WHY NEED PRUNING?
• To ensure high-quality fruits produced
in the next growing season.

QUICK FACTS ABOUT GRAPE CANE

1. Non-contact optical technique to measure contour, deformation, 
vibration, and strain on almost any material over time
2. Can be used for many tests: Tensile, torsion, bending, etc.
3. Can be applied from very small (micro) to large testing areas.
• Opportunities on fibers:
a) Small test specimen

• Single fiber tensile test: First screening tool to investigate the 
potential of the fibers1.

b) Testing a new fiber requires large amounts of fibers and is time 
consuming

QUICK FACTS ABOUT DIC

RESULTS

Gage 
length Treatment

Outer Bark (OB) Inner Bark (IB)
Tensile 

strength, 
Mpa

Tensile 
modulus 
(DIC), 
Gpa

Tensile 
modulus 
(Cs), 
Gpa

Tensile 
strength, 

Mpa

Tensile 
modulus 
(DIC), 
Gpa

Tensile 
modulus 
(Cs), Gpa

G10

N1 328.1ab 9.83a 6.79a 106.2a 1.27a 1.18a
(80.8) (2.8) (1.6) (60.9) (0.4) (0.4)

N3 389.4a 11.2a 8.15a 126.1a 0.81b 0.93a
(97.9) (1.3) (1.6) (64.8) (0.4) (0.4)

N5 284.0b 6.9b 4.86b 75.8a 0.66b 0.77a
(77.5) (1.5) (1.0) (26.6) (0.2) (0.4)

G25

N1 361.1a' 1.63a' 1.17a' 71.5a' 2.10a' 1.88a'
(85.3) (3.0) (3.4) (25.4) (0.4) (0.4)

N3 416.5a' 1.53a' 1.43a' 84.5a' 1.65b' 1.46a''
(119.2) (3.0) (4.0) (37.8) (0.5) (0.8)

N5 297.9a' 0.77b' 0.71b'' 77.3a' 0.81b' 0.83b'
(126.2) (0.9) (1.2) (35.1) (0.4) (0.5)

G40

N1 403.7a'' 12.6a'' 10.8a'' 53.4b'' 1.15b'' 1.06b''
(91.7) (1.7) (2.1) (25.1) (0.3) (0.4)

N3 398.4a'' 12.1a'' 11.0a'' 101.0a"' 1.66a" 1.64a"

(96.4) (2.4) (2.0) (40.7) (0.1) (0.2)
N5 320.4a"' 0.82b"' 0.75b" 48.8b'' 0.98b" 1.02b''

(79.4) (0.7) (1.3) (11.2) (0.3) (0.3)

A) Tensile Properties of Grape Cane Fibers Corresponding to Displacement 
Methods

B) Comparison of Young’s Modulus with two displacement methods 
corresponding to the treatment concentrations at 40 mm gage length

1. Outer bark fibers had approximately six times stronger fibers than inner
bark fibers, regardless the treatment concentrations.

2. Lower alkali concentrations (N1 and N3) produced better performance
fibers.

3. Digital Image Correlation (DIC) method resulted in general, less variation
of Young’s modulus.

4. The DIC method offers the advantage of reducing the number of tests
compared to indirect techniques (Instron/ASTM) which requiring tests at
different gage lengths.
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Figure 1: (a) Pruned grape cane in 
the field, (b) cross section of grape 
cane fibers, and (c) cross section of 
grape cane under microscope

(a)

(b)

(c)

Figure 2: (a) Preparation of speckle patterns on the test specimen, (b) camera 
setup, and (c ) analysis of images  for DIC method.

Figure 3: Photos taken (a) before, (b) during, (C) after tensile test, and (d) the axial 
movement representation of fiber elongation.

(a) (b) (c)

Figure 4: Young’s modulus of grape cane fibers using the DIC and Cs methods at 
gage length of 40 mm for (a) Outer Bark (OB) and (b) Inner Bark (IB) corresponding 
to the treatment concentrations.

(a) (b)
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To characterize the tensile properties of alkali-treated grape cane fibers 
at three concentration levels (1%, 3%, and 5% of sodium 
hydroxide),measured by two different displacement methods. 

METHODOLOGY
Digital Image Correlation (DIC) method2

Cs method (ASTM C1557-14)3

• System compliance (Cs) includes test 
machine, gripping system and fiber type

• Therefore, recorded cross-head 
displacement: 

• To determine Cs, test needs to be 
performed at 3 different gage lengths.

• Finally, the actual elongation is 
determined as follows: Δl=  ΔL- CSF

ΔL=  Δl+ CSF
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