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Abstract For valid results in split Hopkinson pressure bar
testing, the strain history in the incident bar must be measured
at a location where the incident and reflected waves do not
overlap. This may prove problematic if the loading pulse is
long relative to the length of the incident bar, e.g. due to pulse
shaping or when long pressure bars are not available. In this
paper an experimental technique for the elimination of over-
lapping stress waves is presented. By ensuring that the inci-
dent wave traverses the bar without noticeable dispersive os-
cillatory components, a complete pulse history free from
superpositioning stress waves can be rapidly constructed via
the collation of data from two sets of strain gauges attached at
two locations on the incident bar. Experimentation on a sand
specimen subsequently validated via finite element modeling
demonstrates the advantage of this wave collation technique
as it enables the use of longer loading pulses while still satis-
fying all necessary requirements pertinent to valid Hopkinson
bar investigations.
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Introduction

The split Hopkinson pressure bar (SHPB) is among the most
common devices used for the high strain rate response char-
acterization of engineering materials [1]. Originally developed
for the testing of metallic specimens, the SHPB is now in-
creasingly implemented for soft porous materials such as sand
and clays [2, 3]. Conceptualized by Hopkinson B [4] and
revolutionized by Kolsky H [5] the device enables a means
to indirectly extract the mechanical behavior of a specimen
sandwiched between two rods (known as the incident and
transmission bars). A third rod (the striker bar) is launched
at speed into the incident bar which results in the propagation
of a compressive stress wave through the pressure bars and
specimen. A portion of this pulse is reflected at the specimen/
incident bar interface as a tensile wave back towards the im-
pact end of the input bar, while the remaining pulse is trans-
mitted into the specimen.

The incident and reflected strain histories are typically ex-
tracted via a strain gauge attached at the midpoint of the inci-
dent bar while the transmitted strain history is collected by a
gauge on the transmission bar. This effectively communicates
the stress and strain histories of the specimen as per equations
(1) and (2) respectively, providing that the bars remain linear
elastic throughout the test and the dispersion effect is negligi-
ble. For a more detailed explanation of such formulations, the
reader is referred to Chen and Song [6].

σs tð Þ ¼ A
As

Eεt tð Þ ð1Þ

ε tð Þ ¼ 2Co

ls
∫
t

0
εr tð Þdt ð2Þ

where εr(t) and εt(t) respectively denote the reflected and
transmitted strain histories, Co is the bar wave velocity, ls is
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the initial specimen length, E is the modulus of elasticity of the
bar material and A/As denotes the ratio of the bar area to the
specimen area.

The extraction of specimen response at high rates of strain
via the SHPB relies on the satisfaction of several inherent
assumptions. In addition to the requirements of dynamic stress
equilibrium and constant rate deformation of the sample, the
incident and reflected waves must propagate along the inci-
dent bar without overlap at the gauge location. It has been
suggested that the pressure bars should be at least twice as
long as the striker for a gauge attached at the midpoint [7].
However, this is often not long enough to prevent overlap if
the input pulse is altered via pulse shaping, giving rise to the
modified SHPB [8]. For the testing of soft or brittle specimens
such as foam and sand, it is often required to adopt pulse
shaping techniques in conjunction with long striker bars to
significantly increase the rise time and thus duration of the
input wave in order to effectively achieve dynamic stress equi-
librium in the specimen [9–11]. Additionally, under situa-
tions where deformations must occur at a constant rate
of strain over a large strain range, as opposed to merely
a sharp spike characterizing the peak strain rate, the im-
plementation of a long striker bar is often paramount. By
increasing the striker length, the plateau sustaining the
maximum strain rate can be maintained for longer dura-
tions at a given rate of strain, in addition to enabling the
extraction of the specimen response at higher strains un-
attainable via short strikers.

Consequently, the length of the incident bar is often several
times longer than the striker if gauges are specified at only the
middle of the bar to eliminate the overlapping of stress waves
at the gauge location [12]. If overlapping is present, the most
direct and intuitive response is to simply adopt a longer inci-
dent bar. However, certain practical considerations need to be
taken into consideration as the environment of many labora-
tories configured to support the SHPB testing apparatus may
prove problematic. Due to its sheer size, issues such as lack
of space or simply the unavailability of alternative bars
may eliminate this as a viable option. Subsequently, if a
rapid solution is desired or a longer incident bar will only
be used for certain types of materials, the procurement of
a longer bar may not be economically prudent or time
efficient. Additionally, even if longer bars can be sourced,
the setup configuration of some laboratories might not be
appropriately designed to receive pressure bars beyond a
certain length. It therefore becomes necessary to develop
procedures to effectively extract the specimen response
beyond that of conventional testing.

Previous attempts at addressing this matter pertains to the
observation of multiple wave reflections between two strain
gauges on the incident bar such as the two-point wave sepa-
ration technique proposed by Lundberg and Henchoz [13].
The method illustrates the feasibility of multi-gauge strain

sampling under the assumption of one-dimensional wave
propagation for pulse travel durations of less than 20 times
the distance between the gauges. However, it was concluded
that dispersive effects substantially dampen the accuracy of
extracted signals for each subsequent wave reflection, thus
demonstrating the limitations of the one-dimensional propa-
gation theory [13, 14]. In response, Zhao H, Gary G [15]
implemented an iterative approach to effectively extend the
duration of a trapezoidal pulse via the observation of strain
histories from multiple reverberations at two distinct cross
sections on the pressure bars while accounting for wave dis-
persion. The Pochhammer L [16] and Chree C [17] equations
depicting the propagation of longitudinal waves in a bar of
infinite length formed the basis of wave separation and the
correction of dispersive effects via Fast Fourier Transforms
(FFT) in the time domain. The multi-point technique is fur-
ther optimized by a mathematical method where wave
separation is conducted in the frequency domain for all
frequencies simultaneously [18]. Henceforth, the adoption
of multi-gauge wave separation methods in the context of
SHPB testing has proved invaluable in suppressing wave
overlap and extending the maximum observable strain for
specimens loaded within the intermediate strain rate range
(approximately 1–200 s−1) where high strains are difficult
to attain otherwise [15, 19].

This paper introduces a simplified approach called here
wave collation involving the direct reconstruction of recorded
strains from gauges attached at two locations on the incident
bar for the elimination of overlapping wave trains. The tech-
nique differs from classical wave separationmethods in that it
considers only a single reflection of the propagating stress
wave in the incident bar (much akin to traditional SHPB tests).
In addition, previous wave separation procedures are general-
ly concerned with the extraction of specimen stress-strain be-
havior at intermediate strain rates not exceeding several hun-
dred [15, 19]. The proposed collation method, on the other
hand, is more appropriate for higher strain rates at around
1000 s−1 and beyond, as typically achieved via standard
Hopkinson bar testing. Under high strain rate conditions, the
maximum level of strain observed for any given specimen is
expected to be much greater than that loaded under interme-
diate rates for a single reflection. However, wave overlapping
may still manifest especially if modifications such as pulse
shaping are adopted to alter the duration of the loading pulse.
Hence, the objective is to provide a rapid and simplified pro-
cedure which can be implemented for any arbitrary pulse un-
der the high strain rate regime without necessitating complex
signal processing on the acquired data. The theory behind the
collation technique is introduced in addition to both experi-
mental and numerical validation on a confined sand specimen
tested via the modified SHPB. A graph is also provided to aid
the design of a SHPB setup in order to accommodate a loading
pulse of a given duration.
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Theoretical Overview of the Wave Collation
Technique for the Mitigation of Overlapping Stress
Waves

As previously discussed, a short incident bar may result in
the superpositioning of incident and reflected pressure
waves. The concept of wave collation is therefore intro-
duced which involves reconstructing the entire incident
and reflected strain history via the direct combination of
data extracted from strain gauges attached at two distinct
locations on the incident bar (referred as Gauges 1 and 2
in Fig. 1). The propagation of a stress wave generated at
the impact end of the incident bar is summarized visually
via Fig. 2 with inter-gauge travel times relevant to the
derivation of the collation equations explored throughout
this section denoted.

Data Extraction from Gauge 1

Gauge 1 is designed to capture the entire incident wave with-
out overlap and the front section of the reflected pulse; hence
its position is further away from the specimen. The possible
maximum duration of the incident wave Ti(max) without over-
lap with its reflected counterpart can therefore be computed.
This duration is defined as the time required for a pulse to
travel twice the distance from Gauge 1 to the specimen/
incident bar interface

Ti maxð Þ ¼
2 Li−d1ð Þ

C0
≥Ti ð3Þ

where Li is the length of the incident bar and d1 is the distance
between the impact end of the incident bar and Gauge 1
(Fig. 1). Ti denotes the duration of any given incident wave,
which cannot exceed Ti(max) to be free from superpositioning
effects. Consequently, the incident wave strain history, εi(ti) is
simply that measured at Gauge 1 (ε1) across the time

necessary for the pulse to traverse the gauge (equation 4).
Given compliance with equation (3), the absence of wave
overlap is guaranteed.

εi tið Þ ¼ ε1 tið Þ ¼ ε1 0≤ ti≤Tið Þ ð4Þ
Note that the incident wave propagates as a function of
time ti which is taken relative to the beginning of the
incident pulse. Subsequently, the non-overlapped duration
of the reflected strain history from this gauge, ε1(tr), is
defined as the time required for the reflected wave to
travel from Gauge 1 to the impact end and back again
(covering a distance 2d1). Beyond this time mark, the rear
portion of the reflected wave will superimpose with its
front portion that has been further reflected at the impact
end voiding the acquired signal. Hence, the front portion
of the reflected signal with tr = 0 denoting its commence-
ment, which has not overlapped with the rear of the
reflected wave, is therefore bounded as follows

ε1 trð Þ ¼ ε1 0≤ tr ≤
2d1
C0

� �
ð5Þ

Data Extraction from Gauge 2

While Gauge 1 is only able to capture the leading portion
of the reflected wave without overlap, the remaining pulse
duration is acquired by Gauge 2. As this gauge is posi-
tioned closer to the specimen, the superpositioning of the
rear portion of the incident wave and the front portion of
reflected wave may occur. This is on account of the
reflected signal reaching Gauge 2 before the entire inci-
dent wave has had sufficient time to fully traverse the
gauge. Hence, it follows that the reflected pulse will only
be free of overlapping effects beyond a time correspond-
ing to the time difference between the total incident wave
duration (Ti) and the travel time of the incident pulse from

Fig. 1 SHPB schematic showing
strain gauges attached at two
locations on the incident bar for
wave collation
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Gauge 2 to the specimen/incident bar interface and back
again (spanning a distance 2d2, where d2 is as per Fig. 1)

tr ≥Ti−
2d2
C0

ð6Þ

The maximum valid reflected wave duration without over-
lapping with itself at Gauge 2 is subsequently governed
by the time required for the reflected pulse to travel from
the gauge to the impact end of the incident bar and
reflected back again, covering a total distance of 2(Li − d2)

tr ≤
2 Li−d2ð Þ

C0
ð7Þ

Thus, the valid duration of the reflected strain history as
recorded from Gauge 2, ε2(tr) is extracted by combining
equations (6) and (7)

ε2 trð Þ ¼ ε2 Ti−
2d2
C0

≤ tr ≤
2 Li−d2ð Þ

C0

� �
ð8Þ

Wave Collation Technique

Considering the time boundaries delineated in equations (5)
and (6), it is evident that to collate the reflected strain history
from both gauges into a single continuous reflected pulse
without signal overlap the following condition must hold

2d1
C0

≥Ti−
2d2
C0

ð9Þ

which is rearranged to give

2 d1 þ d2ð Þ
C0

≥Ti ð10Þ

Equations (3) and (10) thus present the maximum possible
duration for any given loading pulse in order for the wave

collation technique to be successfully implemented. The com-
plete reflected wave strain history without overlapping effects,
εr(tr), can therefore be represented as the combination of strain
measurements extracted from Gauges 1 (ε1) and 2 (ε2) across
their valid time intervals.

εr trð Þ ¼ ε1 0≤ tr ≤αð Þ∪ε2 α < tr≤βð Þ for Ti≤

2 d1 þ d2ð Þ
C0

2 Li−d1ð Þ
C0

8>><
>>:

9>>=
>>;

ð11Þ

where α is an average between the upper and lower limits of tr
for equations (5) and (8) respectively and β is the upper limit
of equation (8)

α ¼ Ti

2
þ d1−d2

C0

� �
β ¼ 2 Li−d2ð Þ

C0
ð12Þ

Fig. 3 illustrates the relationship between the maximum valid
length (pulse duration times wave velocity) of the incident and
reflected pulse relative to the incident bar length that can be
supported by any given gauge configuration. The procedure
for determining such lengths via the graph is summarized as
follows:

1. The position of Gauge 2 on the incident bar is selected via
its d2/Li ratio. This will determine themaximumvalid length
of the reflected pulse (relative to the length of the incident
bar) indicated by the lower curve at the point touching each
d2/Li line which corresponds with the right y-axis (Fig. 3).

2. The location of Gauge 1 can then be chosen via selecting
any point on the d2/Li line picked in the previous step. The
d1/d2 ratio on the x-axis (Fig. 3) governs the positioning of
Gauge 1 while the left y-axis denotes the maximum valid
length of the incident wave (relative to the length of the
incident bar). Both correspond to the chosen point on the
d2/Li line.

Fig. 2 Stress wave propagation
in the incident bar denoting pulse
travel times between strain gauges
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For a single gauge placed at the midpoint (d2/Li = 0.5 and
d1/d2 = 1), Fig. 3 stipulates that the maximum incident and
reflected wave length the incident bar can support without
overlapping is equal to the length of the bar as expected

Ti maxð ÞC0 ¼ Tr maxð ÞC0 ¼ Li ð13Þ

where Ti(max) and Tr(max) is the maximum duration of the inci-
dent and reflected waves that an incident bar of length Li can
sustain without overlap represented in equation (3) and the
upper bound of equation (8) respectively. If the incident pulse
exceeds Li, a second gauge can extend the effective travel time
of the pulse, and the maximum possible duration of the inci-
dent wave without overlap increases with decreasing ratios of
d1/d2 for a given Gauge 2 position. The minimum d1/d2 ratio
permitted for wave collation is governed by equations (3) and
(10) and is represented by the upper optimum curve in Fig. 3.
If an even longer incident pulse is to be implemented, Gauge 2
must be shifted closer to the impact end (d2 must increase).
This will however reduce the valid length of the reflected
wave as demonstrated via the lower curve in Fig. 3.

As an example, consider that Gauge 2 is placed a distance
approximately 35% along the incident bar from the specimen
end (d2 = 0.35Li). The ratio of d1/d2 need therefore be mini-
mized to coincide with the upper optimum curve in Fig. 3. For
a configuration with d2 = 0.35Li and d1/d2 ≈ 1.0, the maximum
incident and reflected wave length without overlap is approx-
imately 1.35Li and 1.3Li respectively. This effectively in-
creases the valid duration of the incident and reflected signals
by 35% and 30% respectively, when compared with a typical
single gauge setup.

Experimental Validation

In order to confirm the veracity of the proposed wave collation
technique, the method is implemented on the modified SHPB

test of a confined specimen of silica sand 5 mm thick. The
Hopkinson bar configuration is as per Fig. 1 with the incident
and transmission bars (manufactured from SKH-51 high
strength steel) both 1500 mm long with a diameter of
15 mm. Strain gauges are placed at two locations on the inci-
dent bar with d1 = 385 mm and d2 = 750 mm. A 500 mm long
15 mm diameter striker of the same material is used. A hard
copper disk 1.02 mm thick with a diameter of 5.5 mm is
implemented as a pulse shaper, effectively extending the du-
ration of the incident wave and filtering out high frequency
dispersive components.

Calibration of Experimental Set-Up

Prior to the implementation of the collation technique, the
SHPB configuration must first be calibrated to ensure the val-
id extraction of experimental data. Evidently, the wave prop-
agation velocity through the bar medium must first be accu-
rately determined for valid SHPB results. This was accom-
plished by impacting the incident bar with the striker in isola-
tion, without the presence of a specimen or transmitted rod. A
series of compressive and tensile stress waves was subse-
quently extracted from the gauge located at the midpoint of
the incident bar. The time interval (Δt) between the start of the
compressive pulse and the next reflected compressive pulse
was thus used to calculate the wave velocity via the following
equation:

C0 ¼ 2Li
Δt

ð14Þ

The wave velocity was consequently determined to be
5195 m/s which closely resembles the theoretical wave

propagation velocity derived via C0 ¼
ffiffiffiffiffiffiffiffi
E=ρ

p
. This subse-

quently enables the determination of the wave propaga-
tion velocity through a specimen (Cs) of a given length

Fig. 3 Theoretical maximum
length of incident wave (without
overlap) for d1 and d2
configurations relative to length
of incident bar compared with
maximum valid length of
reflected wave (without overlap)
ford2 relative to length of incident
bar
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(ls) by observing the time interval (Δt) between the start
of the compressive pulse at the midpoint of the incident
and transmitted bars:

Cs ¼ ls

Δt−
Li þ Lt
2C0

ð15Þ

Where Lt denotes the length of the transmitted bar. The
estimated wave speed of the confined sand specimen was
300 m/s.

Next, the gauges attached at both locations on the in-
cident bar were examined to ensure strain synchronicity.
This involved confirming that the gauge factors of the
strain gauges were constant such that the corresponding
strains converted from their respective voltage measure-
ments were identical for any given amplifier gain. If this
condition was violated, the strain histories extracted from
the two gauge locations would be desynchronized and the
collation procedure could not commence. Equation (16)

denotes the conversion from voltage to strain via two
gauges connected to a Wheatstone bridge in the half
bridge configuration.

ε ¼ 2V0

kVi
ð16Þ

where Vi and V0 depict the input and output voltages,
respectively, and the gauge factor k was stated to be
2.14 ± 2% by the manufacturer. The strain history derived
using equation (16) at both locations on the incident bar
was compared and shown to be virtually identical. This
confirmed that the gauge factor for both gauges were uni-
form, enabling the collation of strain data from both
gauges to commence.

Data Processing from Gauge 1

Fig. 4(a) displays the strain history collected by Gauge 1
which observes the duration of the incident pulse to be Ti
= 0.4 ms. Note that due to the application of pulse
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shaping, this duration is significantly longer than the ap-
proximate 0.2 ms duration typical for a 500 mm steel
striker. Given the bar wave velocity C0 = 5195 m/s, this
travel time is far greater than that allowed by a standard
mid-bar single gauge setup of 0.29 ms. Compliance for
using wave collation is subsequently checked against
equations (3) and (10)

Ti maxð Þ ¼ 2 1:5−0:385ð Þ
5195

¼ 0:43� 10−3s≥Ti ð17Þ

2 0:385þ 0:75ð Þ
5195

¼ 0:44� 10−3s≥Ti ð18Þ

The wave collation technique can therefore be implemented.
Equation (5) also demarcates the upper time boundary as
0.15 ms until which the reflected wave collected at Gauge 1
is valid. This can be visualized both in the reflected wave time
history (Fig. 4(a)) and the stress comparison between both
ends of the specimen (Fig. 4(b)). It is evident that the front
and back stresses begin to significantly deviate beyond the
0.15 ms time mark as predicted.

Data Processing from Gauge 2

The overlapping of incident and reflected pulses are observed
to occur at Gauge 2. This superpositioning is present at the end
of the incident and beginning of the reflected signal. From
equation (8), the valid time interval for the reflected wave
where overlapping does not occur is calculated as 0.11 ×
10−3 s ≤tr≤ 0.29 × 10−3 s, which is visualized in Fig. 5(a).
As expected, the front and back stress history of the specimen
is unsynchronized prior a time of 0.11 ms (Fig. 5(b)).

Wave Collation

Fig. 6(a) shows the complete reconstructed strain history cre-
ated from data collected at Gauges 1 and 2 as per equation (11)
with the positions of α and β delineated. Comparison between
the front and rear specimen stresses (Fig. 6(b)) subsequently
indicates that excellent dynamic stress equilibrium is achieved
for tr ≤ β, enabling the derivation of the dynamic stress-strain
response and strain rate of the specimen (Fig. 7). The linear
stress-strain response observed for dry silica sand up to

0

0.2

0.4

0.6

0 0.1 0.2 0.3

Time (ms)

Incident wave

Reflected wave
without overlapOverlap of

incident and
reflected
waves

(a)

20

60

100

0 0.05 0.1 0.15 0.2 0.25 0.3

S
tr

es
s 

(M
P

a)

Time (ms)

Front stress

Back stress

Stress equilibrium
No stress equilibrium(b)

Fig. 5 (a) Incident and reflected
wave history and (b) comparison
between specimen front and rear
stresses for strains extracted from
Gauge 2

Exp Tech (2017) 41:345–355 351



60MPa at high rates of strain is consistently reported through-
out literature [8, 9, 12, 20], which confirms the veracity of the
extracted result. It is therefore experimentally demonstrated
that the wave collation technique is a valid solution for the
elimination of wave overlapping effects occurring in short
incident bars.

Finite Element Validation

Finite element (FE) analyses have been established as an in-
valuable tool for the simulation of stress wave propagation in
Hopkinson bar tests [21]. To numerically validate the wave
collation technique employed in Section 2.2, a full 3D FE
model of the SHPB setup described in the preceding section
is constructed in Abaqus/Explicit [22]. The mesh comprises of
reduced-integration linear hexahedral elements (C3D8R) with
an average size of 2 mm, resulting in a total of 80,880 ele-
ments sufficient to obtain a converged solution. The incident
and transmission bars are modeled via an isotropic elastic

material model with E = 210 GPa, ρ = 7800 kg/m3 and
ν = 0.3. The incident wave shown in Fig. 4(a) was applied
to the impact end of the incident bar as a stress pulse.

In order to numerically validate the proposed wave colla-
tion technique, the expected dynamic specimen response is
required. The Crushable Foam material model with volumet-
ric hardening is therefore adopted, which mimics compaction
with confinement of the sand specimen by limiting lateral
expansion [22]. The elastic material parameters implemented
are E = 40 GPa, ρ = 1540 kg/m3 and ν = 0.0. The compression
and hydrostatic yield stress ratio is taken as k = 1 and kt = 0.1
respectively, which is adequate for a material response domi-
nated by compressive stress [23]. The material hardening in-
put curve is derived from the experiment as shown in Fig. 7.

As illustrated via Fig. 8(a), the FE simulations correlate
exceptionally well with experimental waves and are able to
successfully capture the superpositioning effect at both
gauges. This confirms that the material model and input pa-
rameters adopted here are appropriate to reproduce the exper-
imental mechanical response of the sand specimen with the
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purpose of validating the proposed wave collation technique.
The 1500 mm incident bar is subsequently extended to
2500 mm and converted into a typical single gauge setup

(gauge is located at 1100 mm from the specimen/incident
bar interface) in the FE model. This allows for the observation
of true incident and reflected wave histories without
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necessitating the proposed wave collation (the simulated inci-
dent bar is now of sufficient length to capture non-overlapping
wave propagation). A comparison of the numerical results
with experimental signals reconstructed from Gauges 1 and
2 (Fig. 8(b)) demonstrates excellent synchronicity thus
confirming the validity of the wave collation technique.

Discussion and Applications

The proposed technique of wave collation is intended for sit-
uations where the overlapping of incident and reflected stress
waves occur in an incident bar that is unable to accommodate
the full duration of a given input pulse. The method is de-
signed as a rapid and direct approach to the wave
superpositioning issue intermittently encountered by re-
searchers working with the SHPB. The technique addresses
situations where the loading pulse duration is dramatically
increased due to pulse shaping and/or usage of a long striker
bar in order to facilitate dynamic stress equilibrium and con-
stant rate deformations in the specimen. Additionally, the
method is most desirable under high strain rate conditions
beyond 1000 s−1 where sufficient specimen strains are gener-
ally able to be attained. Thus, the extraction of valid experi-
mental data is made possible without alterations to the existing
setup of the bars, which may prove impractical from an eco-
nomic or logistical standpoint due to possible constraints with-
in the testing environment. However, as the described method
only considers a single wave reflection in the incident bar, it
may be unable to satisfy situations where very high specimen
strains are desired. The implementation of optimized multi-
strain/multi-velocity wave separation techniques is therefore
required for such proposes [18]. Furthermore, the collation
technique is most effective when wave dispersion is signifi-
cantly minimized such as with the use of pulse shaping and
numerical correction of the wave dispersion is not necessary
[6]. The presence of dispersion could compromise the amal-
gamation of strain data influenced by the relative positioning
of the two gauges. Nevertheless, the wave collation approach
is effective at suppressing wave overlapping at lower strains
for non-dispersive SHPB experiments for which tests can be
easily designed to accommodate (Fig. 3). Ultimately, the in-
herently simplistic nature of the technique underlines its ac-
cessibility to technicians and experimentalists across a broad
spectrum of technical expertise.

Conclusions

A collation technique for the mitigation of wave overlapping
in the incident bar for the SHPB is proposed. The method is
beneficial for high strain rate SHPB testing situations where a
longer incident bar is unavailable or impractical. A complete

incident and reflected strain history for a single wave reflec-
tion can be created via reconstructing the strains extracted
from gauges attached at two distinct locations on the incident
bar. Experimental testing on a sand specimen with pulse shap-
ing confirmed that the requirements of dynamic stress equilib-
rium and non-overlapping wave propagation can be satisfied
with this method. Finite element simulations utilizing a suffi-
ciently long incident bar to suppress signal overlap further
confirmed its veracity. The proposed wave collation technique
therefore presents an effective alternative for the extraction of
complete strain histories of the incident and reflected pulse if
the incident bar is insufficiently long to prevent the
superpositioning of wave trains.
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