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State of the art:

Double cantilever beam test (ASTM 5528)

• Pre-cracked specimen

• Crack initiation detection

• Crack propagation measurement

Mode I Fracture Toughness Test
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Capacity Measurement

𝐶𝑒𝑙 = 𝜖0 ⋅ 𝜖𝑟 ⋅
𝐴

𝑑

Cel = electrical capacitance

A   = capacitor area

d   = distance

𝝐𝟎 = vacuum permittivity

𝝐𝒓 = relative permittivity

𝝐𝒓,𝑨𝒊𝒓 = 1

𝝐𝒓,𝑮𝑭𝑹𝑷 = 5…8

𝐶𝑒𝑙 = 𝜖0 ⋅ (𝜖𝐴𝑖𝑟 ⋅ 𝑎 + 𝜖𝐺𝐹𝑅𝑃 ⋅ 𝑎𝑚𝑎𝑥 − 𝑎 ) ⋅
𝑏

𝑑

Ideal capacitor

DCB Crack length determination
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𝑪𝒆𝒍 − 𝑪𝟎
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Conductive Materials

GFRP + Carbon Nanoparticles CFRP

Materials

GFRP

𝐶𝑒𝑙 = 𝜖0 ⋅ (𝜖𝐴𝑖𝑟 ⋅ 𝑎 + 𝜖𝐺𝐹𝑅𝑃 ⋅ 𝑎𝑚𝑎𝑥 − 𝑎 ) ⋅
𝑏

𝑑 𝐶𝑒𝑙 = 𝜖0 ⋅ (𝜖𝐴𝑖𝑟 ⋅ 𝑎 + 𝜖𝐺𝐹𝑅𝑃 ⋅ 𝑎𝑚𝑎𝑥 − 𝑎 + 𝜖𝑃𝑇𝐹𝐸 ⋅ 𝑎𝑚𝑎𝑥) ⋅
𝑏

𝑑
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Determination of the critical energy release rate GIc based on electrical capacitance

1. Determine initiation point

– Visual inspection

– Non- linear Point

– 5% Compliance increase

– 5% Capacity decrease

– Capacity tangent

Evaluation Method – Initiation Point

Crack opening in mm
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Conclusion – Critical energy release rate

Room Temperature

Carbon Fibre Material:

M21T800S
X

X
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Validation with Beam Theory

𝜹 =
𝑭 ⋅ 𝒂𝟑

𝟑 ⋅ 𝑬 ⋅ 𝑰
𝑰 =

𝒃 ⋅ 𝒉𝟑

𝟏𝟐

𝒂 =

𝟑 𝜹
𝟐
⋅ 𝟑 ⋅ 𝑬 ⋅ 𝑰

𝑭

F

F

Loading
Blocks
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Displacement in mm

J. De Gracia, A. Boyano, A. Arrese, und F. Mujika, „A new approach for determining the R-curve in DCB tests without optical measurements“, Engineering Fracture Mechanics
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• Reliable R-Curve determination even with no visual markings

• Method can be used with different materials - conductive and non conductive

• Possibility of using DCB in closed test environment

Summary

Crack Propagation

Crack front

Crack initiation point

Visual detection Capacitance measurement

B. D. Davidson, „An Analytical Investigation of Delamination Front Curvature in Double Cantilever Beam Specimens“, Journal of Composite Materials, Bd. 24, Nr. 11, S. 1124–1137, Nov. 1990

• Crack front detection in the

middle of the specimen

• Start of crack propagation

• Large bending has no impact

(beam theory)



9

Ménuires 2024

Acknowledgement


	Les Diablerets
	Slide 1
	Slide 2: Mode I Fracture Toughness Test
	Slide 3: Capacity Measurement
	Slide 4: Materials
	Slide 5: Evaluation Method – Initiation Point
	Slide 6: Conclusion – Critical energy release rate
	Slide 7: Validation with Beam Theory
	Slide 8: Summary
	Slide 9


