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Abstract: While uniaxial tensile testing machines are ubiq-
uitous, very few local institutions have access to biaxial ten-
sile testing facilities, and even fewer have machines suited
for low-force applications such as elastomers or biological
tissues. This case study reports on the design of a custom
planar biaxial tensile testing machine, which functioned as
a stand-alone desktop tensile tester with two independent, or-
thogonal testing axes to facilitate the investigation of soft bi-
ological materials. Two 50N load cells were used to measure
load, and a non-contact Digital Image Correlation system
was used to measure three-dimensional surface displace-
ment. Commissioning testing was performed using a sili-
cone elastomer (Smooth-On, Dragon Skin 10) which served
as a surrogate for skin. The testing did not seek to char-
acterise the surrogate material, but to verify that the ma-
chine operated as intended. Tensile specimens were tested
on the custom machine and a commercial tensile testing ma-
chine for comparison at four crosshead displacement rates:
10,50,120 and 400mmmin−1. Planar biaxial tensile testing
was then performed on cruciform Dragon Skin 10 specimens
at the same speeds, but at different speed ratios between the
testing axes. The performance of the custom-built machine
was critically assessed, and the areas of difficulty encoun-
tered during testing were handling and gripping highly pli-
able specimens, maintaining consistent specimen boundary
conditions, and ensuring alignment. The testing demon-
strated that the machine functioned as intended and met the
requirements for use in testing skin and other membrane tis-
sues in the future.

Additional keywords: Biological Materials, Biaxial
Tension, Digital Image Correlation

1 Introduction
Biaxial tensile testing is essential for the mechanical char-
acterisation of thin materials (membranes) that exhibit some
anisotropy, as uniaxial tests alone provide insufficient infor-
mation to accurately determine constitutive model parame-
ters. This is particularly true for Biological Membrane Tis-
sues (BMT), where scarcity of specimens and heterogeneity
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make it problematic to harvest multiple specimens at differing
angles for uniaxial tensile testing. Despite the long-standing
use of biaxial testing in international research [1, 2, 3], bi-
axial tensile testers of any scale are not readily accessible to
South African researchers. There are commercially available
biaxial tensile testers designed for biological tissue, such as
the CellScale BioTester™(Waterloo, Canada). However, the
capital cost of such platforms is prohibitive, and deformation
instrumentation for these machines lags behind modern tech-
niques such as Digital Image Correlation (DIC). This project
aimed to design, build, and commission a Planar Biaxial Ten-
sile Tester (PBTT) suitable for soft specimens such as bio-
logical membranes, incorporating Digital Image Correlation
measurements that were not available with commercial biax-
ial testers.

There is no standardised method for testing the mechanical
properties of biological membrane tissues, though standard
test methods do exist for metals [4]. Mechanical testing of
BMT can be separated into two broad categories: in vivo test-
ing and in vitro testing. In vivo testing has the advantage of
testing BMT in its natural state in the donor organism, avoid-
ing degradation and any changes due to environmental condi-
tions. It is difficult to separate the BMT response from that
of the surrounding connective tissue in the donor organism.
Hence, in vivo methods are not well suited for mechanical
characterisation studies, particularly where testing the tissue
to failure would cause harm to the donor.

Unlike in vivo testing, in vitro testing requires that the tis-
sue be excised from the donor and that measurements be con-
ducted on a separate testing platform. In vitro testing provides
well-defined boundary conditions for the specimen, which is
important for fitting constitutive models. However, in vitro
testing carries the unavoidable risk of damaging the tissue dur-
ing excision. The tissue will begin to degrade once removed
from the host organism, and additional measures are required
for the testing environment to closely mimic the in vivo con-
ditions. This motivated the design requirement that the testing
hardware be portable and could be mounted on any desktop,
such that the biaxial tester could be relocated to a laboratory
close to where biological specimens were harvested, to min-
imise the opportunities for degradation of tissue specimens
during storage and transport.

Due to the very compliant, fragile nature of BMT, tradi-
tional methods of deformation or strain measurement, such
as Linear Variable Differential Transformers (LVDT) or strain
gauges, are not suitable, as these alter the local stiffness or
boundary conditions of the specimen. Prior research has re-
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lied on optical tracking of markers, painted onto the spec-
imen [2, 5], facilitating non-contact deformation measure-
ments. However, these studies and more recent commercial
platforms such as the CellScale BioTester™have relied on
tracking a small number (typically four or five) of discrete
dots in a cruciform array. The specimen strain was inferred
using the planar displacement of the dots and a finite differ-
ence approximation. This yields averaged values for strain for
the two perpendicular tension directions and one shear strain.
Dot tracking, at this scale, does not provide any information
on variation or localisation of strain across the specimen.

DIC is also a non-contact, optical measurement of defor-
mations, but it can provide deformation measurements over
the “full field” of the specimen. DIC achieves this by tracking
subsets of pixels over the entire specimen, rather than a small
number of discrete markers. DIC requires that the specimen
surface have a randomised speckle pattern, allowing adjacent
sub-sets of pixels to have distinct grayscale distributions that
can be tracked from image to image [6]. The spatial resolu-
tion of measurements is limited by a combination of speckle
size distribution, speckle contrast and the camera characteris-
tics. By using two or more cameras to provide stereo vision,
DIC is regularly extended to 3D deformations, where older
dot-tracking methods are typically limited by a planar defor-
mation assumption.

This article will describe the design of the custom Planar
Biaxial Tensile Tester that incorporates DIC deformation mea-
surement. The article includes the motivation for key design
decisions and an evaluation of the performance of the PBTT
during commissioning testing, using silicone elastomer spec-
imens as a surrogate for soft biological tissue. The general
layout of the PBTT is shown in Figure 1. For more detailed
schematics and engineering drawings, the reader is referred to
[7].

2 Design of Apparatus
2.1 Requirements

The requirement that drove most decisions was for the PBTT
to apply a load of up to 50N in perpendicular directions on
a plane. A review of experimental studies on skin and sim-
ilar membrane tissues [3, 8, 9, 10, 11] indicated that peak
forces were unlikely to exceed 50N. Given that the CellScale
Bio™, a commercially available biological material tester, had
a maximum capacity of 23N, the chosen design load of 50N
would allow some flexibility for testing stronger tissues with-
out placing an onerous requirement for component loading.

Specimen dimensions would be limited to 50 x 50mm.
Where biological tissue specimens are available in larger di-
mensions, the inherent variability of biological tissue intro-
duces complications. Hence, designing for a larger speci-
men had limited utility. The maximum intended strain rate of
0.1s−1, which is the upper bound of the quasi-static regime,
along with a gauge length of 50mm, sets the target defor-
mation rate of 300mmmin−1. This target was increased to
400mmmin−1 to ensure some safety margin on any machine
dynamic effects.

2.2 Deformation and Strain Measurement

Full field 3D deformations of the specimen were obtained us-
ing 3D DIC. Biological specimen surfaces have larger vari-
ations in flatness than metals or polymers, and mounting in-
accuracies were anticipated. Using a single camera, the 2D
DIC system does not permit any measurement of out-of-plane
variation. Using stereo cameras and obtaining 3D measure-
ments permitted interrogation of any out-of-plane displace-
ment, whether this was due to inherent specimen variabil-
ity or imperfect mounting. Stereo images were captured us-
ing 5 MP cameras and processed using Dantec Dynamics IS-
TRA4D DIC software, which was available for use in the lab-
oratory at no additional cost to this project.

The DIC system is a standalone system, with the only con-
nection between the DIC system and the custom PBTT being
an analogue connection, which sends load cell force data to
the DIC system. This ensures the force and DIC data are syn-
chronised correctly with the force data from the load cells and
can be analysed together on the Dantec ISTRA4D software in
post-processing. The frame rate of the cameras was adjusted
according to the crosshead speeds, with 5 frames per second
at the lower speed and 25 frames per second at the highest
speed.

The decision to use DIC for deformation measurements was
made at project inception and was factored into other design
decisions such as the actuator layout (Section 2.4) and control
system (Section 2.5).

2.3 Frame Design

Traditional material testing frames utilise precision-machined
and ground components to maximise rigidity, in the context
of kilo-Newton-scale loads and sub-millimetre specimen de-
formations. Given the load limit of 50N and grip speeds
of 400mmmin−1, the PBTT has more in common with 3D
printer platforms in terms of loads and speeds than a testing
frame for metallic specimens. Hence, the conceptual design of
this apparatus drew inspiration from various 3D printer plat-
forms, which utilise extruded aluminium beams as both ma-
chine structure and motion guides, along with stepper motors
receiving G-Code as an open-loop motion control system. Ap-
plying similar design choices to the PBTT reduced manufac-
turing time and costs and increased flexibility for later design
changes, allowing a functional prototype to be built and tested.

2.4 Linear Actuation and Machine Layout

The linear actuators would ultimately be lead screws driven
by stepper motors, a choice commonly found in commercial
test frames. The requirement for portability, the low design
force requirements and ease of implementation of position
control motivated against pneumatic or hydraulic actuation.
Typically, on a uniaxial tensile testing machine, one end of
the specimen is clamped in a stationary grip, with the other
end mounted in a grip on a movable cross-head (single grip
displacement). This means the centre of the specimen moves
relative to a stationary observer.
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Figure 1 CAD Model of Planar Biaxial Tensile Tester

If a biaxial tensile testing machine keeps two adjacent grips
stationary while the opposite grips move, the cruciform spec-
imen deforms in a non-symmetric manner. However, if both
grips on an axis displace symmetrically in opposite directions,
the specimen’s deformation is symmetric and more uniform
in the region of interest. This is demonstrated in Figure 2, us-
ing Finite Element (FE) simulations* with relevant boundary
conditions for (a) single grip displacement and (b) symmet-
ric dual grip displacement. Furthermore, keeping the region
of interest centred is desirable for image-based deformation
measurements, as the position will remain stationary relative
to the optical deformation measurement device.

Meeting the desired kinematics requires four moving grips
as opposed to the single moving grip found on typical uniax-
ial tensile testing machines. This adds significant complexity
to the design when compared to a uniaxial tensile testing ma-
chine. The custom machine was designed such that both car-
riages on a single axis are powered by the same motor and are
mechanically coupled.

Without mechanical coupling of the carriages, separate
electrical drives on the same axis would need closed-loop con-
trol to avoid having different displacements or speeds on the
same axis. Therefore, carriages on the same axis were me-
chanically coupled to mitigate any errors that may arise due to
the carriages on a single axis not moving in unison.

The custom PBTT consists of two carriages on the same
axis, which are connected to the same lead screw. Each axis
has a stepper motor which drives the lead screw via a gear
reduction. Half of the lead screw has a left-handed thread,
and the other half has a right-handed thread, as shown in

*The FE simulation used a linear elastic material with an arbitrarily low
modulus for illustrative purposes

the concept sketch in Figure 3(a). As the lead screw is ro-
tated by the stepper motor, the opposite threads ensure the
two carriages move an equal distance in opposite directions
along the same axis, achieving the desired specimen bound-
ary conditions. The lead screw was fabricated by joining two
lengths of right- and left-hand trapezoidal lead screw stock
(Igus Dryspin®10mm outer diameter, 3mm pitch, single start,
Stainless Steel 304) using a shrink fit sleeve.

The main structure of the machine, shown in Figure 1, con-
sists of extruded aluminium C-beams with V-slots and doubles
as the carriage guide system. Each partially constrained car-
riage moves along the C-Beam via six V-wheels that interface
with the V-slots of the C-beam, as shown in Figure 3(b). The
guide system interfaces with the linear actuation system on ei-
ther end of the C-beam extrusion by a fixed end-plate, which
houses the lead screw bearings, fully constraining the system.
The carriages are connected to the lead screw via the anti-
backlash nuts, which minimise discrepancies in displacement
of the carriages when there is a direction change in the motion
of the carriages. The carriages are constrained by the wheels
so that they can only move axially along the deformation axes,
and all other motion is constrained.

The wheel and carriage arrangement was preferred over lin-
ear bearings due to the (relatively) large toppling moments, as
the specimen plane and hence tensile forces are offset from
the lead screw axes. The wheel positions could be fine-tuned
using eccentric bushings to reduce any play due to manufac-
turing tolerances. Furthermore, the V-wheels could run di-
rectly in the slotted aluminium extrusions, while any linear
bearing system would have required additional guide rails to
be mounted on the frame.
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(a)

(b)

Figure 2 Principal strains of FE simulation of cruciform
biaxial specimen subjected to (a) single grip
moving per axis; (b) symmetric dual grip move-
ment

2.5 Control and Force Instrumentation

While the “gold standard” for materials testing is a closed-
loop control system that can hold either displacement or force
at constant rates specified by the user, this was not considered
essential for the first prototype in this application. Specimen
deformations would be measured using DIC, which is post-
processed and therefore does not yield displacement data at
a suitable rate for a control loop. Implementing closed-loop
control would require integrating an additional set of displace-
ment instruments, adding to the development time. Instead,
the use of open-loop displacement control using G-Code in-
structions, as used on many desktop 3D printers, was consid-
ered sufficient for the first prototype.

The control system runs on an Arduino Uno microcon-
troller, coupled to a Grbl shield. Grbl† is an open-source
motion control system [12], originally designed to use open-
loop control and stepper motors to run CNC devices, that can
be run on an Arduino Uno microcontroller. The Grbl shield
is equipped with DRV8825 stepper motor drivers to control
each axis, which is driven by a Wantai, 1Nm NEMA-17 step-
per motor. Motion instructions are sent to the Arduino as G-

†Grbl is not an acronym and is pronounced "gerbil" according to the
original author.

code using Universal G-Code Sender - an open-source soft-
ware used for interfacing with CNC controllers. For simple,
monotonic extension tests, the user only needed to specify a
rate and distance on the G-code sender.

For tests where more complex motion was desired, such as
differing extensions on each axis or cyclic deformation, these
are easily implemented as G-code and uploaded to the ma-
chine for execution.

Each axis of the machine was equipped with two limit
switches: one to indicate a “home position” (corresponding
to nominally zero extension) and the second to indicate the
carriage had reached maximum extension. While the GCode
Sender interface included software stop buttons, a hardware
“Emergency Stop” button was wired in to cut power to both
stepper motors, causing the machine to stop in position.

A single axial load cell on each axis was used to measure
the axial load applied through the specimen. Two 50 N HBM
(Hottinger Baldwin Messtechnik, Darmstadt, Germany) K-
S2M tensile load cells were purchased along with two HBM
ClipX devices. The ClipX is a combined load cell amplifier
and signal conditioner which connects to a PC via an Ether-
net connection, set to sample data at 100 Hz. The load cell
is slightly raised from the carriage and interfaces with a U-
shaped “arm” which has a modular interface to connect with
the grips. The arm has a U shape, seen in Figure 3(b), to allow
the specimen to be immersed in saline solution if needed.

3 Testing Methodology
The performance of the custom PBTT was critically assessed
by comparison with data obtained from a commercially manu-
factured and calibrated tensile test machine. Due to the lack of
access to a commercially built biaxial tensile tester, a uniaxial
testing machine was used. Therefore, each axis of the custom
machine was tested individually as a uniaxial tensile testing
machine for the comparative study. The commercial machine
was an Instron testing machine with a 100N load cell and a
resolution of 0.001N, at the Centre for Materials Engineering
at the University of Cape Town. Deformation measurements
for both the custom machine and Instron were performed us-
ing the DIC system. Only once the performance of each axis
of the custom-built machine had been proven to be adequate
were full biaxial tensile tests performed.

Dragon Skin 10 (Smooth-On) silicone elastomer was cho-
sen as the skin surrogate for all testing. Dragon Skin 10 is a
Shore 10A platinum-cure liquid silicone compound predom-
inantly used for special effects in the film and entertainment
industries. It was chosen as it has a similar modulus to that
of skin in the toe region, it is also highly pliant (1000% elon-
gation at break [13]), it is readily available and easy to use
and presents no chemical or biohazard safety concerns. Spec-
imens were cast in a laser-cut acrylic mould. For the uniaxial
tension tests, the specimen dimensions were based on ASTM
D412 [14], which is a standard test method for rubber and
elastomeric materials. Biaxial tension specimens followed a
cruciform shape, with dimensions shown in Figure 4(a). The
specimens were cast with a white background, with a black
speckle pattern applied while the substrate was partially cured,
as seen in Figure 4(b).
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Figure 3 (a) Schematic top view of leadscrew and car-
riage layout (b) CAD side view of carriage
wheel supports

This speckle-pattern allowed the specimens’ surface defor-
mation to be recorded using DIC. The black speckle pattern
was made using a liquid silicone-based paint (Smooth-On
Psycho Paint ™[15]) which was applied to the specimens us-
ing an airbrush. The black speckles were sprayed on when the
white substrate was partially cured, to balance the competing
requirements of good adhesion and minimising colour bleed
and associated blurring of speckles. This method was able
to provide the consistently fine speckle pattern needed when
working with such small specimens (dog bone specimens with
a gauge area of 5 x 20mm). Specimens were mounted using
compression clamp grips, which could pivot on each arm to
reduce the effects of misalignment. A gripping system which
is suited to delicate BMT was left for future work.

Tests were performed at 50 and 400mmmin−1 on both axes
of the custom machine and the Instron uniaxial testing ma-
chine. At least 5 samples were tested at each speed on each
axis. Both systems used the same DIC system (Dantec) and
cameras to record the surface deformation of the specimens.
Engineering stress versus engineering strain graphs were gen-
erated for all samples to allow the performance of the two
machines to be compared.

Biaxial tensile tests were performed, but no reference data
was available for comparison. Fitting the biaxial data to a
hyperelastic constitutive model was outside the scope of this
study. The biaxial tensile tests helped assess the functional-
ity of the custom machine and the quality of data obtained.
Cross-head speeds and ratios were varied for the different tests
to ensure the machine could work over a wide range of speeds
similar to what would be used in the testing of soft tissues. A
cross-head speed ratio of 1:1 would equate to both axes run-
ning at the same speed, and a 1:0 ratio would mean one axis
running at the selected speed, while the other is held station-
ary. There were 4 speeds (10, 50, 120 and 400mmmin−1) and
4 ratios (1:1, 1:0.75, 1:0.5, and 1:0) used for testing; provid-
ing a total of 20 different possible tests. Some test conditions
were run multiple times to assess repeatability, though each
specimen was only used once. A subset of the testing results
is presented in this article for brevity, and the reader is referred
to [7] for the complete results.
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(a) 

(b)

Figure 4 Biaxial tension cruciform specimens (a) Speci-
men schematic, dimensions in mm (b) Cast and
speckled specimen

4 Results
4.1 Crosshead Displacement and Speed Testing

As the custom PBTT ran in open-loop displacement control,
it was important to verify that the crossheads were moving as
intended. The carriages were commanded to each move out-
wards 15mm, for a total extension of 30mm, using G-Code
commands. The carriage displacement was measured using a
Vernier calliper and confirmed to be ≤ 0.1mm for all tests at a
range of speeds. As specimen deformation was measured in-
dependently using DIC, this was deemed sufficient. The next
phase of cross-head speed testing was conducted with a uniax-
ial test specimen in place and using DIC to measure specimen
deformation. DIC was used to track points close to the grips,
where there was negligible specimen strain, thereby providing
a close approximation to the carriage motion as a function of
time. Figure 5 shows the crosshead speed histories under load
as determined from the DIC data, for tests at (a) 50mmmin−1

and (b) 400mmmin−1.
The cross-head maintained a nominally constant speed,

close to the set point, with some visible variation. It was
not clear whether this variance was due to noise on the DIC
measurements or actual short-duration changes in cross-head
speed. However, it was apparent that the open-loop con-
trol was capable of holding an acceptably uniform speed at
the normal operating loads. Reducing these small variations
would require additional displacement instrumentation and
a closed-loop control system, which did not represent suffi-
cient benefit for the broader project aims, compared to moving
ahead with open-loop control.
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Figure 5 Cross head speed histories at (a) 50mmmin−1

and (b) 400mmmin−1

4.2 Uniaxial Tensile Testing

The two axes of the custom PBTT are listed as the Red Axis
and the White Axis. Data obtained from testing on the In-
stron machine is simply listed as Instron. It must be noted
that there was some difficulty placing the extremely flexible
specimens into the grips fitted onto the Instron machine, and
it is expected that this is responsible for some of the varia-
tion recorded during the Instron machine tests. Difficulty han-
dling the small pliable specimens is also a challenge reported
widely in the literature when testing soft tissues [11, 16]. Fig-
ure 6 compares the engineering stress-strain response for all
tests performed at 50mmmin−1 (on the Instron and PBTT’s
White axis and Red axis). The green solid band is the bounds
of all data tested on the Instron at 50mmmin−1. Note that the
dual lines for the PBTT’s data are upper and lower limits for
loading curves, not an averaged load-unload test.
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Figure 6 Comparison of uniaxial tension results at
50mmmin−1

Figure 7 compares the uniaxial engineering stress-strain re-
sponse, as measured by the Instron and the custom PBTT’s
White and Red axes, at a crosshead speed of 400mmmin−1.
The results shown in Figure 6 and 7 have been limited to
a strain below 70%, as the custom PBTT was not designed
for such large specimens and deformations as the Instron ma-
chine. The specimen size and expected deformations of bio-
logical biaxial specimens are significantly smaller than those
used during this comparative study, hence the PBTT travel
limits should suffice.

It is clear that the stress-strain data measured by the custom
PBTT machine lie within the bounds of the data measured on
the Instron, for both speeds tested. The custom machine force
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Figure 7 Comparison of uniaxial tension results at
400mmmin−1

results were determined purely using the manufacturer’s pro-
vided calibration factor, without any filtering. These results
provided confidence that the custom machine’s force measure-
ments on both axes were accurate. Comparison of the stress-
strain response at both speeds shows a slightly stiffer response
at 400mmmin−1, which would be consistent with the elas-
tomer specimens having some viscous response. However,
the rate sensitivity of this specific silicone elastomer was not
of interest at this stage of the project.

4.3 Biaxial Tensile Testing

After successfully completing the uniaxial comparative test-
ing, planar biaxial testing was performed using the custom
PBTT. Cruciform specimens were used, with sufficiently long
arms that clamping stresses do not affect the central gauge
section. A downside of the cruciform geometry is that it is not
possible to calculate a representative true stress for the gauge
section due to the changes in cross-section. The force per unit
width of the arms is reported instead. Figure 8 shows the cru-
ciform specimen, mounted in the PBTT.

Figure 8 Cruciform specimen mounted in biaxial tensile
tester

Initial biaxial tests were conducted at equal deformations
on both axes, at speeds ranging from 10 to 400mmmin−1.
The principal engineering strain was post-processed using the
Istra4D DIC software, and a representative sample is shown
in Figure 9. The strain field is as expected, with the quivers
denoting the direction of the maximum principal strains align-
ing with the arms. The average strain in each arm is similar
for both X- and Y-axes.

The force per unit thickness for all equi-biaxial tests, across
a range of speeds, is plotted as a function of engineering strain

Figure 9 Principal engineering strain for equi-biaxial de-
formation

(averaged over the gauge section) in Figure 10. There is min-
imal variation between each axis for any given test. While
the PBTT is capable of exerting and measuring compression
on either axis, large compressive deformation would cause
a compliant membrane to buckle. Further biaxial tests were
conducted with varying tensile deformation ratios (1:0.5 and
1:0), that avoided excessive compression.
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Figure 10 Force per unit thickness for equi-biaxial defor-
mation

The principal strain field for a deformation ratio of 1:0.5,
where the X-axis is traversed at 400mmmin−1 while the Y-
axis is traversed at 200mmmin−1, is shown in Figure 11. The
strains in parallel arms have similar distributions and are prac-
tically equal. The strains in the X-axis arms are significantly
larger than those in the Y-axis arms, as expected, though not
precisely equal to the deformation ratio. The strains in the Y-
axis are smaller than half of the X-axis strains, because Pois-
son contraction effects from the larger X-axis deformations
are counteracting the applied deformation in the Y-axis.

The force per unit thickness for all tests at a 1:0.5 deforma-
tion ratio, across a range of speeds, is plotted in Figure 12. The
loads in the Y-axis are smaller than the X-axis, which aligns
with expectations, as less deformation is being applied to the
Y-axis. Tests were performed at a deformation ratio of 1:0.
This is not the same as a uniaxial test, as the Y-axis arms pro-
vide some lateral restraint. The force/unit thickness response
for the 1:0 deformation ratio is plotted in Figure 13.
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Figure 11 Principal engineering strain for 1:0.5 deforma-
tion ratio
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Figure 12 Force per unit thickness for 1:0.5 deformation
ratio

While both axes exhibit tensile stress, the engineering strain
in the Y-axis is negative. This is consistent with Poisson con-
traction effects from the much larger X-axis deformations,
while the stationary Y-axis grips provide sufficient restraint
to develop tensile stress. The mounting of very flexible elas-
tomer specimens proved to be challenging and required close
attention by the operator. A metal or more rigid polymer spec-
imen can be mounted horizontally with little sag, and the ap-
plication of significant preload to the specimen would be eas-
ily detected. However, for very flexible elastomers, it is not
straightforward to determine how much pre-tension has been
applied while ensuring the specimen slack has been taken up.
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Figure 13 Force per unit thickness for 1:0 deformation ra-
tio

If the mounting clamps are not free to rotate due to an as-
sembly error, unintended loads may be applied to the spec-
imen. Figure 14 shows a specimen which was accidentally
misaligned during mounting before being subjected to equi-
biaxial tension.

Figure 14 Incorrectly mounted specimen

The principal strain distribution shows significant differ-
ences between the upper and lower arms, which should be
nominally equal. The left and right arms, while having low
strain values, show significant misalignment under full tension
that was not visible at the start of the test. This emphasises the
importance of correct mounting procedure, but also the ability
of DIC to highlight problems that would be masked if using
strain gauges or other instruments to measure specimen defor-
mation.

5 Concluding Remarks
A Planar Biaxial Tester suited for soft, compliant specimens
was designed and manufactured. The PBTT’s capabilities
were demonstrated, using silicone elastomer specimens. For
purely uniaxial tensile tests, the engineering stress-strain data
yielded by the custom PBTT compared well with data from
tests performed on an Instron machine. The PBTT data lay
within the scatter of the Instron data for any given crosshead
speed, which is promising given that the maximum forces are
typically below 10N.

For low-stiffness specimens such as elastomers, the me-
chanical advantage and the stepper motor torque proved suf-
ficient for maintaining a constant crosshead speed without
requiring closed-loop control. The DIC deformation mea-
surements produced full-field strain data, which provides for
richer future investigations over commercial PBTT solutions
that rely on discrete marker tracking and hence provide only a
single average value for the strain in each axis.

The PBTT could be set to different deformations on each
axis by simply modifying G-Code commands for the indepen-
dent stepper motors driving each axis. Biaxial tensile tests,
using cruciform elastomer specimens, yielded sensible data.
As deformation ratios were changed from equi-biaxial defor-
mation to zero imposed deformation on the transverse axis,
the Poisson contraction effects of the primary axis’ deforma-
tion became more apparent. The tests performed on the PBTT
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demonstrated that it should be capable of testing biological
tissues at the loads and strains anticipated. Developing a ro-
bust gripping system and mounting methodology that will be
suitable for biological tissues, that are typically more com-
pliant and sensitive to lateral deformations, is left for future
development of the PBTT.
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