Cruciform Specimen

Evaluation of Interfacial Strength using Cruciform Specimens
Shinji OGIHARA* and Takashi UMEASAKI**

Abstract: The validity of usage of a cruciform specimen as an evaluation method of interfacial strength is
discussed. The advantage of the cruciform specimens is that it can avoid the stress singularity at the free
edge. Moreover, to discuss the relation between the interfacial normal stress and the interfacial shear stress
when debonding occurs, a specimen which changed the fiber angle to direction of tensile loading is desinged.
Both experimental approach and analytical approach are employed to discuss the validity of the method. The
initiation and propagation of interfacial debonding in both cruciform specimens and straight specimens are

experimentally clarified. Stress analysis using finite element method is conducted.
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Fig.1 Schematic of specimens
(a) Straight (b) Cruciform-90 (c¢) Cruciform-75 (d) Cruciform-60
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Fig.2 Schematic illustration of the observation system

FEM
FEM (MSC.Marc) Straight

Cruciform-90 Xy z 1/8 Cruciform-75

Cruciform-60 X 12 8
Cruciform-90

y 0.1mm Cruciform-75 Cruciform-60
y 0.1mm 1IMPa
Tablel

Fig.3 Schematic of finite element analysis models
(a)Straight (b)Cruciform-90 (c)enlarged view of fiber/matrix interface region (d)Cruciform-75, Cruciform-60

Tablel Material properties and Number of elements

Number of elements

E (GPa) V% Straight Cruciform-90 Cruciform-75 Cruciform-60
SUS304 200 0.3 1653 2280 9120 13680
Epoxy 3.94 0.4 4785 7560 18960 29640
Fig4 7
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Fig.4 Debonding initiation and progress in a Straight specimen
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Fig.5 Debonding initiation and progress in a Cruciform-90 specimen

(a) OMPa (b) 37.8MPa
Fig.6 Debonding initiation and progressin a Cruciform-75 specimen

(a) OMPa (b) 31.0MPa
Fig.7 Debonding initiation and progressin a Cruciform-60 specimen
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Fig.8 Relation between debonding length and specimen average stress in (&) Straight specimen, (b)
Cruciform-90 specimen, (c) Cruciform-75 specimen and (d) Cruciform-60 specimen
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Fig.9 Stress evaluation sites
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Fig.10 Change in interfacial normal stress along the fiber in the (a) Straight specimen and (b) Cruciform-90
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(b) Shear stressratio
Fig.11 Relation between interfacial stress ratio and distance from the edge along fiber in the Cruciform-75
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Fig.12 Relation between interfacial stress ratio and distance from the edge along fiber in the Cruciform-60
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Fig.13 Debonding initiation stress and modified strevalues  Fig.14 Weibull plot of interfacial strength
by the stress ratio obtained the finite element analysis

Table2 Parameter of Weibull plot
Scale parameter oo (MPa)  Shape parameter m

Interfacial normal strength (Cruciform-90) 57.4 4.79
Normal stress at debonding (Cruciform-75) 60.3 4.63

Shear stress at debonding (Cruciform-75) 20.5 4.63
Normal stress at debonding (Cruciform-60) 310 4.19

Shear stress at debonding (Cruciform-60) 22.1 419
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