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ABSTRACT

Traditional direct compression tests on pultruded rods typically generate stress concentrations around
the gripping regions, preventing accurate measurement of the true compressive strength. This paper
introduces the ‘cradle test’, a novel experimental methodology designed to better characterise the
compression performance of such materials. The setup consists of a polymeric beam that ‘cradles’ a
pultruded rod, which is adhesively bonded to the beam. The method produced consistent failure within
the gauge length and clear evidence of compression-dominated failure modes. A complementary
technique based on full-field digital image correlation (DIC) strain measurements was also developed
to obtain the complete strain vs. stress response. The approach is extendable to the characterisation of
other materials.

1 INTRODUCTION

Composite pultruded rods can be key in the manufacture of components and structures with enhanced
compression performance, as they typically exhibit reduced fibre misalignment [1]. However, measuring
their compressive behaviour is challenging. Traditional compression testing methods, such as direct
compression, often fail to produce consistent failure within the gauge length [2], [3].

We propose the ‘cradle test’ as a new method for characterising the mechanical response of fibre
composite pultruded rods under uniaxial compression [4], [5]. The test gradually generates compression
on the pultruded rod by applying four-point bending on a polymeric beam to which the rod is bonded to.

In the following sections a summary of the experimental methodology and some key results will be
presented. Further details on the experimental methodology, data processing and results can be found in
the full journal article published by the authors [4].

2 EXPERIMENTAL
2.1 Materials and specimen design

The material system characterised in this study was a commercially available carbon fibre/epoxy
pultruded rod with a diameter of 0.8 mm. The fibre volume fraction was within the range of 49-55%,
measured from micrographic images of the rods’ cross sections. Tensile experiments on these rods
showed that their elastic modulus was 134.14+4.5 GPa. This modulus value will later serve as validation
of the results.

Figure 1a shows a schematic of the cradle test specimen assembly. The design of the specimen was
conducted with a combination of analytical and FEA computational tools, such that: (i) The cradle
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behaves linear and does not fail before the rod; (ii) buckling is prevented; (iii) rod bending is reduced;
and (iv) strains on the cradle are measurable. The cradle test beams were fabricated from 15 mm thick
polycarbonate (PC) plates. Load and supports spans were selected as L = 120 mm and D = 60 mm,
respectively. The final dimensions of the cradle that met the design requirements are shown in Figure

1b.
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Figure 2: Cradle test design: (a) Schematic, and (b) Dimensions of the cradle test assembly.

2.2 Experimental setup

The setup, shown in Figure 2, included two cameras to image the speckled surfaces of the cradle
(camera 1) and the pultruded rod (camera 2). Speckle patterns were carefully prepared to enhance the
accuracy of DIC [6]. For the cradle, the ‘tattoo speckle’ pattern was used to provide optimal speckle
sizes for the specific optical setup [7]. The experiment was conducted under displacement control at
0.18 mm/min, ensuring quasi-static loading of the specimen.
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Figure 2: Prepared specimen and the loading rig and acquisition setup.

2.3 Data reduction method

By prescribing force equilibrium in the x-direction in the free body diagram shown in Figure 3, the
resultant force across the cradle’s midplane is equal to the absolute value of the compressive force on
the pultruded rod F”. FEA simulations demonstrated that the horizontal component of the reaction forces
on the loading and supporting pins had negligible influence; therefore, they were excluded from the
analysis. The compressive force acting on the rod can therefore be calculated by assuming plane stress,
elasticity, and the integration of the DIC strain field of the cradle along the midplane path as shown in
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equation (1).
h E E
FT ~ =b [ — 6 () + 5 &5, (1) dy, (1

where e7,(y), and &5,,(y), are the x-, and y-strain components on the surface of the cradle along the
midplane path; b is the width of the cradle (15 mm), and h is the length of the midplane path. The strain
history of the rod " was obtained using DIC on the images acquired by camera 2. Finally, F" and &"
were combined to produce the strain vs. stress curves. Figure 4 summarises the data reduction process.
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Figure 3: Free body diagram of half of the specimen.
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Figure 4: Flow chart of the data reduction process.

4 RESULTS

A typical displacement vs. load curves, and DIC strain fields measured in the experiment are shown
in Figure 4a. Compression failure, away from the gripping region was consistently obtained across
experiments (Figure 4b). From all tests, the DIC reconstructed strain vs. stress curves are shown in Figure
5. The average of the obtained elastic moduli was E=133.0 + 11.3 GPa, close to the 134.1 £ 4.5 GPa
measured from uniaxial tensile tests, validating the experiment and methodology. The average strain to
failure was 1.16 + 0.13%. The SEM images shown in Figure 6 showed fibre kink bands, a characteristic
feature of compression failure.
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Figure 4: Data from a typical test: (a) Displacement-load curve and strain maps; and (b) pultruded rods
failure mode.
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Figure 5: Strain-stress curves of all specimens
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Figure 6: SEM micrography images: a) Full image of a failed specimen, b) Failure surface of another
representative sample, and c) Individual failed fibres showing bending failure.
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5 CONCLUSIONS

In this work, we presented and validated the ‘cradle test’, a novel methodology for characterising the
compressive mechanical behaviour of pultruded rods. The main conclusions are:
e The new method simplifies specimen preparation and test setup and ensures compressive failure
within the gauge length.
e The methodology can reconstruct the compressive strain vs. stress curves.
o The failure planes were located far from the bond region, suggesting mitigation of stress
concentrations at gripping zones.

Further work is required to reduce the noise in the reconstructed stress, coming from the integration
of the DIC strain field. The method will be used to rank various new material systems produced by
pultrusion.
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