EPJ Web of Conferences 250, 02032 (2021)
DYMAT 2021

https://doi.org/10.1051/epjconf/202125002032

Numerical investigation on the effect of
specimen gripping arrangement on dynamic
shear characterization using Torsion Split
Hopkinson Bar
Bhaskar Ramagiri1*, and Chandra Sekher Yerramalli1
1Department

of Aerospace Engineering, IIT Bombay, India

Abstract. Torsion Split Hopkinson Bar (TSHB) is widely used in the
dynamic shear characterization of material under pure shear loading. In
TSHB, tubular specimens with either circular or hexagonal flanges are used.
The specimens with circular flanges are generally bonded using adhesive to
the incident and transmission bars. The specimens with hexagonal flanges
are gripped into the hexagonal holders that are fixed onto incident and
transmission bars. In the current study, numerical simulations are carried out
to see the effect of gripping arrangements on the dynamic shear
characterization quality. Numerical experiments with three gripping
configurations are studied—the first gripping configuration with a direct
bond (numerically-tie) between specimen and bars. The second
configuration with the specimen gripped by hexagonal holders fixed to bars.
The third configuration with specimen directly gripped into the incident and
transmission bars having hexagonal slots.

1 Introduction
Torsion Hopkinson Bar (TSHB) is used for determining the shear response of material for
strain rates in range of 102 s-1 to 104 s-1 [1]. Tubular specimens are proven to be effective in
dynamic shear characterization[2]–[4]. In TSHB, the specimen needs to be firmly gripped
without any slip in for characterization. Adhesive bonding of tubular specimen between
incident and transmission bar is commonly used technique in TSHB[5]. The bonded
specimen in TSHB is shown in Figure.1. This technique requires to wait till the bond is cured
for carrying out experiment. The bond needs to be as thin as possible to avoid the wave
reflections at the bonding zone. When testing material with high stiffness and strength, the
adhesive shear strength needs to be sufficient enough to avoid failure at the bonded region.
However, even when large diameter circular flanges are used, the limited strength of the
adhesives allow testing merely low strength materials. To overcome these disadvantages in
adhesive bonding, the specimens are gripped using hexagonal holders. The hexagonal holders
have to be designed and machined with care to tightly fit the specimen and avoid slip. The
holders are fixed to incident and transmission bars by using threaded bolts as shown in
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Figure.2. The other technique to grip the specimen is to directly fit the specimen between
incident and transmission bars by making hexagonal slots on the bars as shown in Figure.3.
Numerical experiments are carried out on these three specimens gripping configurations to
access the quality of shear characterization. The simulations are carried out in
ABAQUS/Explicit academic research software.

Fig. 1. Adhesive bonded tubular specimen.

Fig. 2. Specimen gripped by hexagonal holders.

Fig. 3. Specimen gripped in hexagonal slots on bars.

2 Finite element modelling
The three gripping cases are simulated with same incident and transmission bar lengths. The
incident bar is of 1.5m and transmission bar is of 1m. The incident, and transmitter bars are
tubular with outer diameter of 25.4mm and inner diameter of 8mm. The same specimen
geometry is used for all the three gripping cases. The gauge length of the specimen is 5mm,
the internal diameter is 12mm and the thickness of the specimen is 0.5mm. In case-1(the
perfectly bonded case), the specimen and the bars are bonded using tie interaction. In case2(holder with hexagonal slot case), the holders are tied to the bars and the specimen surface
and grip surface are given with frictional interaction. In case 3, the specimen surface and the
grip surface are given with frictional contact. In case 2 and case 3, the specimen geometry is
designed to exactly fit into grips without any slip. In Torsion Hopkinson bar, generally a
portion of the incident bar is clamped and loaded in torsion to develop stored torque. The
stored torque is then released spontaneously by breaking a fracture bolt to produce incident
pulse. The length of clamped section and the rotational displacement determines the pulse
duration and amplitude of the incident pulse. In the current work, to reduce the numerical
problem size the incident pulse is generated by using angular velocity pulse to the free end
of the incident bar. The amplitude of the angular velocity is set in a way that the bar does not
cross the yield limit. The amplitude of the angular velocity is calculated using the equation
1.
𝜏𝑦𝑖𝑒𝑙𝑑 ∗𝐽𝑏𝑎𝑟
𝑇
𝜃̇ = =
(1)
𝑍𝑏

𝑟𝑏𝑎𝑟∗𝑍𝑏𝑎𝑟

Where, 𝑍𝑏𝑎𝑟 is torsional Impedance of the bar.
Elastic Plastic material data is used for both the specimen and bars. The material data curve
used in the present numerical work is shown in Fig.4.
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Table 1: Material properties AA6061-T6

Density r (kg/m3)
2700
Young's modulus E (GPa)
70
Poisson's ratio n
0.3
400
350

Stress(MPa)

300
250
200

150
100
50
0
0

0.05

0.1
0.15
Strain(mm/mm)

0.2

0.25

Fig. 4. Material data used for both bar and specimen
The bars and specimen are meshed using C3D8R elements (8-node linear brick, reduced
integration, hourglass control). The mesh size of the bars is 1mm and mesh size of the
specimen is chosen to have four elements through the thickness in gauge section of the
specimen. The meshed model is presented in Fig.5. The meshed specimen is shown in Fig.6.

Fig. 5. Meshed model of the TSHB

Fig. 6. Meshed Specimen using C3D8R elements
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The Tie constraint used for holding the specimen is checked for its effectiveness in perfectly
bonding the specimen by carrying out numerical calibration study. The incident and
transmission bar surfaces are directly bonded using tie constraint and an incident angular
velocity pulse is given as input. The simulation output of incident pulse taken from an
element on the incident bar and transmission pulse from an element on the transmission bar
are found to be equal and is plotted in Fig.7.
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Fig.7. Calibration to find the effectiveness of Tie constraint

3 Results
3.1 Perfectly bonded with hexagonal flanges specimen (case-1):
In perfectly bonded case, the specimen end faces are directly tied to incident and transmission bar
interfaces. The incident, reflection and transmission pulses are taken using element shear strain data.
The solution is solved in Cartesian coordinate system. The solution is then transformed to cylindrical
coordinate system using user defined transformation tool in visualization of ABAQUS/Explicit. The
specimen shear stress and shear strain of all the elements in the gauge section are directly taken from
are averaged to compute the direct taken specimen shear stress- shear strain data. This data is compared
with the TSHB formulation shear stress-shear strain plot.
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Fig. 8. Time synchronized shear strain pulses
The shear stress and shear strain using TSHB formulation is computed using the below
formulation.
Shear stress:
𝐺 𝐽
𝜏𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 = 𝑏2 𝑏 𝛾𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 (𝑡)
(2)
2𝜋𝑟𝑠 𝑡𝑠 𝑟𝑏
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Shear Strain:
𝛾𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛 =

2𝐶𝑏 𝑟𝑠
𝑟𝑏 𝑙𝑠

𝑡

∫0 𝛾𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 (𝑡)

(3)

Fig. 9. Specimen elements for computing direct shear stress-shear strain
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Fig. 10. Perfectly bonded case shear stress-strain comparison
3.2 Specimen gripped in slot on bars (case-2)
The computed shear stress- shear strain from TSHB formulation using strain data taken from
incident and transmission bar and the direct measurement from specimen are presented in
Fig.11. The specimen shear stress-shear strain from perfect bond and specimen held in slot
are in complete alignment. The slight disturbance which can be neglected is coming from
contact interaction. The strain pulses from the incident bar and transmission bar from slot
gripping case is also compared with other two cases in next section.
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Fig. 11. Specimen in slot case shear stress-strain comparison
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3.2 Specimen gripped in Holders on bars (case-3)
The specimen stress computed from TSHB analysis using strain pulses from incident and
transmission bar is compared with specimen shear stress- shear strain directly taken from the
specimen in Fig.12. The difference in shear stress- shear strain data from TSHB analysis and
the direct measurement is coming from the impedance (ρJC) mismatch brought in to system
by holder geometry. This impedance difference crated is clearly visible from the incident and
transmission bar shear strain data. The comparison of shear stress- shear strain data from all
the three cases using TSHB analysis is presented in Fig.13.
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Fig. 12. Comparison of shear stress-strain from three cases using TSHB analysis

Fig.13. Comparison of Incident and transmission bar data from three cases

4 Conclusions
Numerical experiments have been carried out using three gripping configurations. The
perfectly bonded case gives a more accurate way to capture the material shear response. The
limited shear strength of the adhesive limits in characterizing strong material. This can be
solved by using slots on the bars and external hexagonal holders. The numerical simulations
show that having slots on the bars gives a better match of impedance and is able to capture
the response accurately and is in good agreement with shear stress- strain data from bonded
configuration. When using hexagonal slots care has to be taken to keep the impedance of the
holder close to bar impedance to avoid discrepancies in capturing the shear response of the
material.
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