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Abstract

Experimental measurement of explosive blast wave overpressures is demanding, requiring specialist instrumentation that
can survive extreme pressures (> 1 MPa) over short durations (< 5ms), yet sensitive enough to resolve spatial and temporal
features that vary in the mm and s range, respectively. Distributed acoustic sensing (DAS) is an alternative approach that
measures dynamic strain histories at multiple locations along a single optical fibre. This study investigates the capability
of a high-resolution DAS (HR-DAS) system to capture strain responses induced by side-on (incident) blast overpressures,
compared to a reference piezoelectric pressure sensor. While explosive events can produce overpressures exceeding 1 MPa,
lower overpressure regimes (40-72kPa) were adopted in this study for proof-of-concept demonstration of the HR-DAS
methodology. Strain histories measured by the HR-DAS displayed reasonable qualitative agreement with overpressure his-
tories measured using piezoelectric sensors, with the blast wave positive phase durations showing close quantitative agreement.
Better correlation was observed between the measurements when HR-DAS sensors were mounted perpendicular to the blast
wave propagation, validating the system’s efficacy under uniform loading conditions. However, discrepancies were observed
for sensors aligned parallel to the wave direction, highlighting the limitations of the spatial resolution of the HR-DAS and fibre
orientation when subjected to a dynamic, spatially varying loading scenario. Findings emphasise the importance of sensor
placement and configuration for distributed pressure analysis. Proof of concept results and recommendations from this study
highlight an interesting opportunity for developing a novel blast pressure metrology, enabling multiple measurement points
from a single optical fibre, that is small, flexible, and relatively low cost, addressing several limitations with conventional
pressure instrumentation methods.

Keywords Distributed acoustic sensing - Pressure sensors - Novel instrumentation - Shock tube tests - Fibre optic sensors

1 Introduction

An explosive detonation leads to the formation of a blast
wave propagating outwards at supersonic speeds. Following
the detonation of a high explosive, blast wave propagation in
air within an unobstructed environment theoretically exhibits
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a Friedlander-type [1] waveform (illustrated in Fig. 1). This
idealised “side-on” blast overpressure waveform is charac-
terised by an instantaneous pressure rise (above ambient
atmospheric pressure), reaching a peak side-on overpres-
sure, pso at the time of blast wave arrival, 75, followed by
an exponential decay to ambient pressure, marking the end
of the positive phase duration, ¢*. Subsequently, a period
of negative overpressure or “underpressure” exists before
the pressure level returns to ambient atmospheric conditions,
over a relatively longer negative phase duration, .

A key objective in many blast research studies is deter-
mining the side-on overpressure history, ps,(¢), of a blast
wave propagating in the air, i.e., the overpressure history
measured at a surface parallel to the direction of blast wave
propagation. In many blast experiments, incident (side-on)
overpressures—representing the unreflected pressure of the
freely propagating blast wave—are typically measured adja-
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Fig.1 Incident/side-on overpressure—time history of an idealised blast
wave

cent to a target (i.e., a building, structural component, test
item, biological sample, etc.) to determine the blast loading
conditions and repeatability.

Experimental measurement of explosive blast overpres-
sures is demanding, requiring specialist instrumentation that
can survive extreme pressures (> 1 MPa) over short durations
(< 5ms), yet sensitive enough to resolve spatial and tempo-
ral features that vary in the mm and s range, respectively.
In the blast research community, pressure sensors [2] are tra-
ditionally used for measuring side-on overpressure histories
and reflected blast pressures exerted on surfaces of the target
under investigation. In shock tube experiments, for example,
pressure sensors are typically flush-mounted within the inner
shock tube wall to obtain side-on overpressure measurements
adjacent to the target, analogous to free-field pressure mea-
surements in explosive field tests.

However, since each sensor is high cost and requires its
own high-speed data acquisition channel, only small numbers
of sensors are usually deployed for experimentation, requir-
ing strategic placement. There are also practical installation
challenges; due to their size, only the sensor diaphragms that
are mounted flush to the surface can be exposed to prevent
local blast interaction effects (from the sensor itself) from
causing spurious measurements [3].

Sensors based on optical fibre technology have demon-
strated multiple performance advantages over electrical sen-
sors for measuring blast pressures [4—7]. This includes a fast
dynamic response, miniature size, lightweight, ease of instal-
lation, and immunity to electromagnetic interference. Most
of these sensors are based on Fabry-Perot interferometers,
which have demonstrated high accuracy under shock load-
ing at very high sampling rates [4—7]. However, similar to
piezoelectric pressure sensors, they are relatively expensive,
and each sensor requires its own acquisition channel. Quasi-
distributed sensors, using fibre Bragg gratings [8], can map
pressure at multiple locations simultaneously, but limited
sampling rates (< 20kHz) and low strain/pressure sensitivity
make them unsuitable for blast pressure measurements.
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Distributed Acoustic Sensing (DAS), based on Rayleigh
scattering, is an alternative sensing approach that can be
used to simultaneously measure pressure-induced strain at
multiple locations along a single optical fibre [9, 10]. In
DAS, the optical fibre itself serves as the sensing ele-
ment, where pressure-induced strain variations are spatially
resolved using an optical interrogator. To spatially resolve the
pressure distribution, the interrogator employs a technique
known as Optical Time-Domain Reflectometry (OTDR).
In OTDR, short optical pulses, in the order of tens of
nanoseconds, are launched into the sensing fibre and the
backscattered light is collected and analysed to map the strain
distribution along the fibre [11].

Since their introduction in the early 2010s, DAS sys-
tems have been deployed in a wide range of applications.
In pipeline monitoring, DAS is used to detect leaks and
unauthorised activities [12]; in perimeter security, it pro-
vides intrusion detection for critical facilities such as airports
and power plants [13]; in geophysical sciences, DAS offers
essential insights for earthquake detection and subsurface
exploration [ 14]; and in geotechnical engineering, it has been
used for analysis of railway track behaviour [15], to name a
few.

Conventional DAS systems, however, typically focus on
applications that do not require high spatial resolution.
The spatial resolution (or gauge length) of a DAS sys-
tem is defined as the minimum distance over which the
sensor output can identify a step change in strain [16].
With a typical spatial resolution of 3-5m [13], conven-
tional DAS systems cannot match the performance of point
sensors such as electrical strain gauges or accelerome-
ters.

To overcome this limitation, a new class of DAS systems
known as High-Resolution DAS (HR-DAS) has been devel-
oped. This system enables vibration mapping at intervals as
small as 10cm [17]. It achieves this by employing a special-
ity optical fibre modified to reflect a small fraction of light at
regular intervals (Fig. 2) [18].

Changes in strain between a given pair of reflectors can be
measured by analysing the changes in the differential phases
of the reflected light. For a pair of reflectors separated by
distance L, the phase difference between the reflected signals
attime T = ¢ is given by [17]:

4mné

Ao (1) = L ()

where n is the effective refractive index of the fibre, & is
the correction factor accounting for the fibre’s elasto-optic
response (for a standard single-mode optical fibre (SMF-28)
& = 0.79), and A is the wavelength of the probe light. At a
later time, T = t + At, if the distance between the reflectors



The feasibility of high-resolution distributed acoustic sensing (HR-DAS) for measuring blast...

Page 3 of 18 8

Probe Reflector Pair
J
In. cpagll %5\)'
- L =
P
YYV VYV VY
n. &l %l

Fig.2 The principle of High-Resolution Distributed Acoustic Sensing
using speciality optical fibre. The figure illustrates a graphical represen-
tation of a fibre cross section, showing a pair of reflectors before (top)
and after (bottom) elongation. These reflectors are designed to reflect a
small fraction of the incident probe light. By analysing the phases of the
back-reflected light, changes in the distance between the two reflectors
can be tracked with nano-strain accuracy

changes by AL, the phase difference becomes:

4mné

Ap (t + At) = 5 (L+ AL) 2)
The resulting change in phase, and therefore the strain-
induced elongation, is obtained by subtracting (1) from (2):

A né
AD =Ap(t+ At) — Ap (1) =

AL 3)

By launching probe pulses into the fibre at regular intervals,
At, and measuring the changes in the phase difference over
time, variations in fibre length can be spatially resolved with
nano-strain accuracy.

Thus far, HR-DAS has been applied as an array of strain
gauges for studies such as wave propagation in solids and
structural analysis of bridges. However, its feasibility and
performance for measuring pressure-induced strain under
highly dynamic blast loading have yet to be evaluated. With
ongoing improvements reducing the effective gauge length
from 15 cm towards 1 cm, comparable to the active diameter
of typical piezoelectric pressure sensors, HR-DAS presents a
compelling opportunity for high-resolution, distributed blast
measurements. Such capability could overcome the limita-
tions of current instrumentation in the field, enabling blast
pressure measurements at thousands of locations using a sin-
gle fibre. In addition, HR-DAS systems offer several practical
advantages, including cost-effectiveness, lightweight design,
flexible installation, and immunity to electrical interference.

Blast wave overpressure
compresses fibre radially,
causing elongation

Fig. 3 Schematic illustrating how blast-pressure-induced radial strain
induces longitudinal fibre strain, interrogated by the HR-DAS

1.1 Study hypothesis

For the proof-of-concept study, it was hypothesised that the
air blast overpressure would radially compress the fibre,
inducing axial elongation and corresponding strain which
could be detected by the HR-DAS setup as an indirect way
to measure air blast parameters (Fig. 3). Conversely, it was
also anticipated that the underpressure phase of a blast wave
would cause radial fibre expansion and thus, longitudinal
contraction of the sensing fibre, enabling measurement of
negative strains.

The relationship between external pressure and axial strain
in the fibre is analogous to that described by Barlow’s formula
for thin-walled pipes, where radial loading induces longitu-
dinal strain. In this study, external blast pressure applied to
the fibre surface is expected to generate axial strain along
its length, supporting the hypothesis that blast loading can
produce a measurable response in the sensing fibre.

The sensitivity of a bare silica optical fibre to hydrostatic
pressure is given by [19]:

Ap _ p-2w)  pn’
ﬁ_—T+F(1—2M)(2P12+P11) 4)

where Ag is the pressure-induced phase change, P is the
hydrostatic pressure, L is the fibre length, f is the propagation
constant, u is the Poisson’s ratio, E is the Young’s modulus,
and p12 and p1 are strain-optic coefficients. Substituting the
parameters for silica fibre interrogated by a 1550-nm laser
into (4) yields:

A
2 557%x 107543921075
PL
d
= —1.65x 10752 (5)
Pam

This theoretical calculation indicates that, for the phase dif-
ference between the two reflectors, 15 cm apart, to shift by &
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radians, the pressure on the fibre between the reflectors must
increase by:

T
1.65 x 1072 x 0.15

= 1.26 MPa ()

It is important to note that this 1.26 MPa value represents a
theoretical upper limit for pressure measurement, assuming
uniform hydrostatic loading. In practice, the actual safe oper-
ating pressure is expected to be lower due to non-uniform
pressure distribution, partial fibre exposure, and mounting
constraints.

Interestingly, previous studies have shown that applying
polymer coatings to optical fibres can enhance pressure sensi-
tivity by up to 38 times [20]. To assess the pressure sensitivity
of the fibre used in this study’s shock tube tests, an optical
interferometer, similar to that used in [19], was used along
with an underwater speaker in a water tank. The experimental
results on the acrylate-coated optical fibre showed a hydro-
static pressure sensitivity of:

A d
29 745x10° 2

7
PL Pam @

This paper reports novel experimental findings that examine
the viability of using HR-DAS as an instrumentation method
for measuring free-field blast wave parameters (i.e., unob-
structed propagation of a blast wave in the absence of any
reflecting surfaces or obstacles).

2 Methodology
2.1 Overview

A total of 11 shock tube tests were undertaken at Cranfield
University, Shrivenham Defence Academy, to evaluate the
feasibility and performance of the novel HR-DAS sensor
system for measuring blast pressure-induced strain histories,
with measurements compared against a reference piezoelec-
tric pressure transducer.

The gas-driven shock tube (full details available in [21])
was used to generate near-planar blast waves in the driven
section following the rupture of the diaphragm, which sepa-
rates the driver section, containing compressed air (Fig. 4).
The tube has an internal diameter of 565 mm, with a4000-mm
driven section and a 500-mm driver section when separated
by a diaphragm. Shock tube diaphragms were composed of
Mylar sheet membranes (supplied by CFS Mylar Supplies,
UK) secured by rubber gaskets. Two diaphragm thicknesses,
125 pm and 250 pm, were used to generate two distinct low-
level blast loading conditions that remained within the safe
operating limits of the indoor shock tube facility. The thicker

@ Springer

Fig.4 Photograph of the shock tube at Cranfield University, UK, show-
ing the full experimental arrangement and overall scale. The internal
sensing fibre, secured to the inner tube wall with masking tape, is also
visible

250 pwm diaphragms required a higher driver pressure to rup-
ture, resulting in a stronger incident shock wave. The driver
chamber was pressurised using ambient air supplied from a
nearby compressor system until diaphragm rupture, at mean
pressures of 102 £ 3 kPa and 198 £ 5kPa for the 125 pm and
250 wm Mylar membrane thicknesses, respectively.

Side-on blast overpressure histories were measured at the
shock tube inner wall surface by both the HR-DAS sen-
sor system and a piezoelectric sensor at 200mm from the
shock tube exit (Fig. 4). For all tests, a Kistler 603B 0-200
bar piezoelectric pressure sensor was flush-mounted within
the inner shock tube wall at 200mm from the end of the
shock tube exit to obtain side-on overpressure measurements.
A 35-mm piezoelectric sounder sensor trigger drum disc
was mounted adjacent to the piezoelectric pressure sensor
to trigger and initiate the Imatek®C3008 general purpose
Data Acquisition System, coupled with a Kistler®5017B
microprocessor-controlled multi-channel charge amplifier.
Data was sampled at a rate of 3 MHz over a time duration
of 100 ms, where a pre-trigger of 30 ms was used to ensure
full capture of the loading event.

The HR-DAS was used to interrogate a single fibre, com-
prising multiple sensors, which was secured to the inner
shock tube wall. The fibre was secured to the shock tube
wall using double-sided Sellotape, with an overlying layer
of masking or duct tape to secure it in place. Polyethylene-
coated duct tape was selected for Phase B tests as it provided
improved adhesion and resistance to delamination from the
blast wave compared to the masking tape used in Phase A.
This change was based on practical observations during early
testing and aimed to improve fibre retention during repeated
blast events.
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Table 1 Summary of experimental tests and variables examined

Testing No. of Shock tube Piezoelectric sensor HR-DAS sensor No. of No. of
phase tests diaphragms arrangement arrangement pressure HR-DAS
datasets datasets
A 7 125 pwm (x5) One flush-mounted at Three optical fibre sensing 7 2
250 wm (x2) 200 mm from the channels. All arranged in a
Mylar diaphragms shock tube exit “hoop” configuration.
Double-sided tape with masking
tape covering
B 4 125 wm Mylar One flush-mounted at Four optical fibre sensing channels. 4 3
diaphragms 200 mm from the Two are arranged in “hoop”

shock tube exit

configuration and two in
“longitudinal” configuration.
Double-sided tape with duct tape
covering

“Flush-mounted” refers to the piezoelectric pressure gauges. HR-DAS fibres were surface-mounted using adhesive tape, as described in Sect.2.2

At HR-DAS sensing locations (in between reflectors), the
fibre was manually pre-strained during installation by apply-
ing gentle axial tension prior to securing. Pre-straining was
used to ensure that the fibre remained under tension through-
out the entire blast event. During the blast wave positive
phase duration, the fibre experiences additional tensile strain,
while during the negative phase, the strain is reduced but
remains above zero, preventing any slack or buckling. While
the level of pre-strain may have varied slightly between sens-
ing locations, this is not expected to have influenced the
measurements significantly, as the HR-DAS system captures
relative changes in strain rather than absolute values. Due to
the fibre’s small diameter (i.e., 250 wm), it was positioned
almost flush with the inner wall of the shock tube. Hence,
the effect of reflected pressure from the fibre was assumed
to be negligible. As the fibres were secured directly to the
shock tube wall, the system also responds to structural vibra-
tion or wall strain induced by the blast loading. This potential
coupling effect is examined further in the discussion.

Two orientations of DAS sensor placement were exam-
ined, including “hoop” placement, where the sensing ele-
ments were secured in the circumferential direction at a fixed
distance of 200mm from the shock tube exit, and “longi-
tudinal” placement, where the sensing fibre was orientated
parallel to the shock tube’s longitudinal axis. Experiments
were undertaken in two phases, examining two DAS place-
ment orientations, summarised in Table 1, and described as
follows:

Phase A—Three DAS sensors in series. This phase
explored only the hoop sensor placement and two blast
loading magnitudes. The DAS sensors were adhered using
double-sided tape (= 0.1 mm thick) topped with 3M™I101E
crepe paper masking tape (0.12 mm thick) (Fig. 5).

Phase B—Four DAS sensors in series. This phase
explored both hoop and longitudinal fibre placement with
respect to the inner shock tube wall, considering one loading

condition. The DAS sensors were adhered using double-
sided tape (= 0.1 mm thick) topped with RS PRO high tack
duct tape (0.17 mm thick) (Fig. 6).

2.2 HR-DAS setup

Figure 7 shows the block diagram of the sensing arrange-
ment on the left and a photo of the HR-DAS interrogator
on the right. The optical interrogator comprised a pulse syn-
thesiser arm and a receiver arm. The pulse synthesiser arm
consisted of a narrow linewidth seed source (A = 1550 nm,
Av = 2kHz) that was externally modulated by an electro-
optic modulator (EOM) to generate 1-ns probe pulses. A 1-ns
pulse corresponds to a pulse duration of 20 cm. A wavelength
of 1550 nm is commonly used in distributed optical fibre sen-
sors since silica optical fibre has the lowest attenuation at this
wavelength. Using this wavelength allows the sensing range
to be maximised. The probe pulses were launched into the
sensing fibre, and the reflected lights were redirected into the
receiving arm of the optical interrogator via circulator C.
The sensing fibre was fabricated using an automated reel-
to-reel fibre inscription setup [17]. A standard ITU-T G.652
single-mode silica fibre with a 125-pm cladding and 250-pm
acrylate protective coating was used as the feed fibre. Using
the inscription setup, multiple reflector pairs were written
into the core of the fibre, each with an average reflectance of
—56dB. The reflectors within each pair were separated by
15 cm, while the spacing between reflector pairs was 20 cm.
A 10-m length of standard G.652 fibre was used to connect
the sensing fibre to the HR-DAS interrogator. The interroga-
tor was housed in an adjacent room to isolate it from the
shock tube facility. For the single fibre, each pair of reflec-
tors therefore provided a series of fibre sensing lengths of
15 cm (with 20 cm spacings), which were denoted by unique
channel numbers within the experimental setup (Fig. 5).
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Fig.5 Plan, section, and isometric schematics of experimental setup and sensor arrangements

Fig.6 Photos of the
arrangement of instrumentation
secured to the inner shock tube
wall. a Phase A: HR-DAS
arrangement on the inner shock
tube wall showing “hoop”
placement with masking tape
covering. b Phase B: HR-DAS
arrangement on the inner shock
tube wall showing both “hoop”
and “longitudinal” placements
with electrical insulation tape
covering
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Fig. 7 The block diagram of the test arrangement and the HR-DAS
optical interrogator

At the receiving arm of the HR-DAS interrogator, the
backscattered signal from the sensing fibre was first ampli-
fied by an Erbium-doped optical amplifier and then filtered
by an FBG filter (A\B = 1550.1nm, AA = 0.2nm,
reflectivity = 99%) to minimise the noise from the opti-
cal amplifier. The amplified back-reflected light was then
passed through a Mach—Zehnder Interferometer with a
30-cm path imbalance to mix the back-reflected signals from
the reflectors in each reflector pair. Finally, the mixed sig-
nal at the output of the interferometer was detected by three
amplified photodetectors (BW = 500MHz, TIA = 100k€2
(MenloSystems-FPD610)) and sampled with a 700-MHz
bandwidth PCle digitiser at a rate of 1 GS/s.

2.3 HR-DAS data acquisition

The pulse repetition rate of the HR-DAS was set to S00kHz,
which means that each reflector pair was sampled once every
2us. For a blast wave with a positive phase duration of
approximately t* = 2.8 ms, the interrogator recorded 1400
data points.

The HR-DAS system used in this study lacked an event-
triggered input, so data acquisition was initiated manually
approximately two seconds before the diaphragm’s expected
failure, based on the user’s knowledge of the approximate
diaphragm rupture pressures. Due to the high pulse repetition
rate (the system was set to record 500 sensing nodes each at
500kHz, including the additional fibre used to connect the
interrogator to the fibre on the shock tube), the interrogator
could record a maximum of §s of data per initiation.

2.4 Data post-processing

As the piezoelectric data acquisition and the HR-DAS system
were not synchronised during testing, pressure histories (cap-
tured by the piezoelectric sensor) and strain histories (from
HR-DAS) were time-shifted based on the rising edge of the
shock wave to have a common arrival time of 14 = 10ms,
recorded by both systems. The alignment was performed
manually in post-processing by visually identifying the sharp
rise associated with shock arrival in both datasets and shifting
the HR-DAS traces accordingly. This procedure was applied
uniformly across all tests to provide a common reference
point for comparison. The time shift was used solely to enable
visual comparison of waveform shape and duration and does
not represent a synchronised or physically meaningful time
of arrival. This post-processing was considered acceptable to
enable comparison between respective pressure and strain-
time histories and to examine test-to-test repeatability.

All HR-DAS strain-time histories were manually
inspected to identify the blast wave event within the recorded
data (Fig. 8). Through inspection of the HR-DAS strain his-
tories over a wider time period (Fig. 8a), the arrival of the
shock wave (Fig. 8b) could be clearly identified following
an initially undisturbed period. The shock front arrival was
characterised by a distinct rise in strain (Fig. 8a), followed by
multiple oscillations, representing the vibration of the shock
tube.

All DAS strain data were filtered using a Butterworth
bandpass filter with a lower cutoff frequency of 10 Hz
and a higher cutoff frequency of 240kHz. The upper value
represents the Nyquist limit (500kS/s gives the maximum
frequency of 250 kHz), while the lower cutoff frequency was
set to remove any temperature effects on the fibre without
altering the waveform.

3 Results
3.1 Phase A results
3.1.1 Piezoelectric pressure sensor results

Blast wave parameters measured using the piezoelectric
pressure sensor exhibited a Friedlander-type profile, char-
acterised by a near-instantaneous pressure rise followed by
an exponential decay (Fig.9). For both loading conditions,
a clear negative phase was observed, returning to ambient
pressure before the arrival of a second blast wave.

The 125-pwm Mylar diaphragms generated a mean peak
side-on overpressure of pgsoay = 47.1kPa across five tests
(Fig. 9a), with a mean positive phase duration of t* =
2.88ms (Table 2). The 250-pm Mylar diaphragms gener-
ated higher side-on overpressures, with a mean of 71.9kPa
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Fig. 8 Identifying the blast wave within the HR-DAS strain-time histories. a Extended time domain showing clear shock wave arrival (Ch4;
Test 31). b Reduced time domain showing shock wave arrival (Ch4; Test 31)

across two tests (Fig. 9b) and a slightly longer duration of
t+ = 3.17ms (Table 3). Piezoelectric pressure measure-
ments demonstrated very good repeatability across all tests;
therefore, the HR-DAS system can be assumed to have been
subjected to repeatable loading conditions in each test. Blast
parameters in Tables 2 and 3 were extracted by manual
inspection of the raw pressure—time histories. Peak incident
overpressure was taken as the maximum value immedi-
ately following shock arrival. In cases where a secondary
rise exceeded this value, the maximum overpressure was
recorded separately. As no filtering was applied, some vari-
ation due to high-frequency noise may be present.

3.1.2 HR-DAS results

HR-DAS strain data was captured for one test for each load-
ing condition (i.e., using the 125-wm and 250-pm Mylar
diaphragms) due to the challenges of manual data triggering.
Data from fibre sensing channels 1 (Chl) and 3 (Ch3) were
successfully captured in both tests (Table 4), with channel 2
ignored due to spurious readings.

Strain histories are overlaid with overpressure histories
(from the piezoelectric transducer) in Fig. 10, with arrival
times shifted to 14 = 10ms. Reasonable qualitative agree-
ment is observed between the pressure profiles measured
using the piezoelectric sensor and the strain-time history
measured by the HR-DAS system. In both tests, blast wave
arrival was characterised by an instantaneous rise in strain,
followed by decay and a period of negative strain, analo-
gous to the underpressure phase of the blast pressure profile
(Fig. 10). Beyond this, strain histories exhibited significant
oscillations, which may reflect movement of the masking
tape covering the sensing fibre.

Peak strains of 5.22 pe and 6.60 e were measured from
Chl and Ch3, respectively, during shock wave arrival when
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Fig.9 Overlaid side-on overpressure and cumulative impulse histories
measured by the piezoelectric pressure sensor. a Measured blast wave
using 125-pwm Mylar diaphragm membrane. b Measured blast wave
using 250-pm Mylar diaphragm membrane

subjected to blast loading using the 125-pm Mylar mem-
brane. Peak strains of 11.78 e and 12.50 jLe were measured
at Ch1 and Ch3, respectively, when subjected to blast loading
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Table 2 Blast wave parameters measured by the piezoelectric sensor using 125-pm diaphragms in shock tube

Test ID Peak side-on Maximum Specific impulse Positive phase Peak (negative) Negative phase
overpressure overpressure (kPams) duration (ms) underpressure duration (ms)
(kPa) (kPa) (kPa)

21 40.5 40.5 79.4 2.95 —24.5 6.37

22 51.8 51.8 90.4 293 —28.2 6.81

23 52.0 52.0 90.8 291 —-27.6 5.70

25% 449 44.9 84.2 2.78 —29.1 5.81

27 46.5 46.5 88.2 2.82 —26.8 5.79

Mean 47.1 47.1 86.6 2.88 —27.2 6.10

S.D. 4.4 4.4 4.3 0.07 1.6 0.43

*Denotes tests where HR-DAS data was successfully captured

Table 3 Blast wave parameters measured by the piezoelectric sensor using 250-pwm diaphragms in shock tube

Test ID Peak side-on Maximum Specific impulse Positive phase Peak (negative) Negative phase
overpressure overpressure (kPams) duration (ms) underpressure duration (ms)
(kPa) (kPa) (kPa)

26 71.5 71.5 136.6 3.04 —38.3 12.31

28%* 72.3 81.6 154.8 3.30 —40.1 13.67

Mean 71.9 76.6 145.7 3.17 —39.2 12.99

S.D. 0.4 5.1 9.1 0.13 0.9 0.68

*Denotes tests where HR-DAS data was successfully captured

Table 4 Strain data captured by HR-DAS sensors subjected to shock waves using 125-pum and 250-pm Mylar diaphragms (Phase A)

Test ID Shock tube blast HR-DAS HR-DAS measurements
loading setup channel no.
Peak incident Maximum strain ~ Positive phase Peak negative Negative phase
strain (pe) (ue) duration (ms) strain (ue) duration (ms)
25 125-pm Mylar 1 5.22 5.22 2.77 —9.96 4.07
membrane
(pso =~ 45kPa)
6.60 6.60 2.20 - -
28 250-pm Mylar 1 11.78 11.78 2.20 —10.19 3.45
membrane
(pso &~ T2kPa)
12.50 12.50 1.69 —18.70 4.60

utilising the 250-pum Mylar membrane (Table 4). The approx-
imate doubling of peak strain values is consistent with the
increase in maximum overpressure (i.e., Pso.max = 44.9kPa
and pso,max = 81.6kPa), which further validates the identifi-
cation of the blast wave within the strain histories measured
by the HR-DAS setup. This also confirms that strains mea-
sured by the HR-DAS are proportional to the applied blast
wave overpressure, indicating suitability and potential as a
blast instrumentation tool. This proportional relationship is
expected since, under elastic conditions, the circumferential
and axial strains induced in a thin-walled cylindrical structure

are approximately linear with the applied external pressure,
provided the geometry, material stiffness, and boundary con-
ditions remain constant between tests.

Some inconsistencies were observed for the DAS mea-
surements during the negative “underpressure” phase. Peak
negative strains of —9.96 pe (Chl), —10.19 pe (Chl), and
—18.70 pe (Ch3), measured during tests 25 and 28 (Table 4),
are larger in magnitude than peak strains from the positive
phase, inconsistent with piezo pressure measurements. This
suggests that sensing fibres experienced a relatively higher
level of negative strain when subjected to negative blast
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Fig. 10 Overlaid overpressure and strain histories measured by the piezoelectric transducer and HR-DAS sensors. a Test no. 25: 125-pm Mylar,

i.e., pso = 45 kPa. b Test no. 28: 250-pwm Mylar, i.e., ps, = 72 kPa

overpressure, when the fibre theoretically experiences radial
expansion.

In Table 3, agreement of the positive and negative phase
time durations is assessed between measurements using
the piezoelectric sensor and HR-DAS. Comparably better
agreement was observed for the test at lower overpressure
(pso = 45kPa), with durations measured by the DAS sys-
tem slightly lower than measured by the piezo sensor by
—0.01 ms (—0.4%) and —0.58 ms (—20.9%) for the positive
phase (Table 5). Negative phase durations were more notice-
ably underpredicted by the HR-DAS sensors by —1.74ms
(—29.9%) in test 25 (pso = 45kPa), and by —10.22 ms and
—9.07ms (—74.8% and —66.3%) in test 28 (pso = 72kPa)
(Table 5). These inconsistencies (magnitude and duration of
strains during the negative phase in comparison with piezo
measurements) may suggest that the HR-DAS sensors are
less suited to measuring underpressure experienced during
the blast negative phase.

3.1.3 Limitations of Phase A measurements

The primary issue identified after the Phase A tests was the
influence of the masking tape. By the end of the test series,
visual inspection revealed clear signs of the masking tape
lifting during this phase. This suggests that the low adhesion
between the tape and the shock tube likely caused both the
tape and, consequently, the fibre to lift during testing. This
would have introduced spurious strain readings, particularly
during the negative pressure phase.

@ Springer

3.2 Phase B results
3.2.1 Piezoelectric pressure sensor results

Similar to Phase A tests, blast wave parameters measured
using the piezoelectric pressure sensor during Phase B exhib-
ited a Friedlander-type pressure profile, characterised by a
near-instantaneous pressure rise followed by an exponential
decay (Fig. 11). The 125-um Mylar diaphragms generated
a mean peak side-on overpressure of pgoay = 39.4kPa
across four tests, with a mean positive phase duration of
t+ = 2.76ms (Table 6). Similar to Phase A, a clear negative
phase was observed, returning to ambient pressure before
the arrival of a second blast wave, and very good repeata-
bility was observed across all tests (Table 6). It is therefore
assumed that the HR-DAS system was subjected to consis-
tent blast loading across all tests.

3.2.2 HR-DAS results

HR-DAS strain data were successfully captured for three of
the four tests and summarised in Table 7 for channels 3 and
4. Initial inspection of the data demonstrated clear agree-
ment between the HR-DAS strain history and pressure profile
(Fig. 12), both in terms of waveform and respective durations
throughout the positive and negative phases, including the
arrival of the second blast wave at r = 45 ms.

The HR-DAS trace comprises two components: (1) strain
induced by the pressure of the blast wave, and (2) strain trans-
mitted mechanically through coupling between the fibre and
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Table 5 The comparison of positive and negative blast wave durations measured by the piezoelectric and HR-DAS sensors (Phase A)

HR-DAS Piezoelectric Difference % Difference
(ms)

% Difference

Difference (ms)

HR-DAS positive Piezoelectric

phase duration

(ms)

Shock tube blast
loading setup

TestID  DAS

negative phase
duration (ms)

negative phase

positive phase
duration (ms)

channel
no.

duration (ms)

5.81 —1.74 —29.9%

4.07

2.77 2.78 —0.01 —0.4%

125um

25

(pso = 45kPa)

—20.9%
33.3%

—0.58
—1.10

2.20
2.20

—74.8%

—10.22

3.45

250 wm

28

(pso = 72kPa)

13.67

3.30

—66.3%

-9.07

48.8% 4.60

—1.61

1.69
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Fig. 11 Overlaid side-on overpressure and cumulative specific impulse
histories measured by the piezoelectric pressure sensor

the shock tube wall. This effect is evident in Fig. 12, where
oscillations begin approximately 7.5 ms before the arrival of
the main shock front. Given that sound propagates nearly 20
times faster in steel than in air, these early oscillations are
attributed to mechanical waves travelling along the shock
tube wall and reflecting from its boundaries. The relatively
constant amplitude and frequency of these oscillations fur-
ther support this interpretation.

Data from channels 3 and 4 (Ch3 and Ch4), where the
sensing fibres were configured in a hoop arrangement, are
overlaid with overpressure histories (from the piezotrans-
ducer) in Fig. 13, with waveforms time-shifted tor4 = 10 ms.
Across the three tests, generally, good qualitative agreement
is observed between the HR-DAS strain histories measured
at channels 3 and 4 and the piezoelectric pressure profiles
(Fig. 13). Similar to Phase A, blast wave arrival was charac-
terised by an instantaneous rise in strain for both channels,
followed by decay and a period of negative strain, corre-
sponding to the underpressure phase of the blast wave (Fig.
13). Despite good correlation for the positive phase, in tests
32 and 34, channel 4 exhibited a spurious second peak in
positive strain. The deterioration in the HR-DAS data from
test #31 to test #34 can be associated with the degradation
of the bond between the fibre and the shock tube. Inspection
of the electrical insulation tape, used to secure the fibre to
the tube, revealed signs of detachment at the end of the test-
ing, highlighting the importance of selecting a more reliable
adhesive for securing the fibre inside the tube for future tests.

Peak positive strains ranged from 22.9-25.2 pe and 14.8—
243 pe at Ch3 and Ch4, respectively (Table 7), when
subjected to repeat shock tube loading using the 125-pm
Mylar membrane (i.e., pso,average = 39.4kPa). In compar-
ison to Phase A, using the same diaphragm thickness (and
similar overpressure), peak positive strains in Phase B were
approximately a factor of three higher. Given that the blast
wave overpressure levels remained similar between both
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Table 6 Summary of blast wave

Test ID  Peak side-on Specific impulse  Positive phase Peak (negative) Negative phase

parameters measured by the . X . ” . )
. . ; overpressure (kPams) duration (ms) underpressure duration (ms)

piezoelectric sensor using (kPa) (kPa)
125-pm Mylar diaphragms

31%* 38.1 70.9 2.71 —21.8 6.12

32% 42.5 73.9 2.78 —24.6 5.77

33 37.7 68.5 2.71 -20.5 6.12

34% 39.1 71.8 2.84 —22.3 6.99

Mean 394 71.3 2.76 —223 6.25

S.D. 1.9 1.9 0.05 1.5 0.45

* Denotes tests where HR-DAS data was successfully captured
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Fig. 12 Good qualitative agreement between the overpressure and
strain history measured by the piezoelectric transducer and HR-DAS
sensor (Ch3) in hoop configuration (Test 31)

phases, the increased (positive) strain magnitudes in Phase
B may be attributed to the electric insulation tape covering.

Peak negative strains ranged between —10.5 to —20.7 pe
in Phase B tests (Table 7), with magnitudes typically less
than strains during the positive phase, demonstrating better
agreement with the piezo pressure measurements than found
in Phase A tests. This indicates that the sensing fibres expe-
rienced peak strain magnitudes (positive and negative) that
were more closely aligned with the distribution of max/min
overpressures.

In Table 8, time durations are compared between the piezo-
electric transducer and HR-DAS sensor measurements. Fair
agreement was observed during the positive phase, although
durations measured by the HR-DAS system were gener-
ally lower than the piezo sensor pressure trace by between
—12.7% and —23.4% (Table 6). The duration of nega-
tive strain measured by the HR-DAS sensors demonstrated
relatively less agreement with the corresponding pressure
durations, which were longer by 14.9-47.7% (Table 8).

HR-DAS sensors in the longitudinal arrangement demon-
strated generally poor agreement with piezo sensor pressures
(Fig. 13 right). For this sensor arrangement, strain-time his-
tories did not have an instantaneous rise (analogous to the
shock wave pressure history), but instead, exhibited a gradual
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decrease and increase in strain. Similarly, both the positive
and negative strain phase durations did not show agreement
with the overpressure durations. The initial (negative) strain
response (Fig. 13 right) occurred for a longer duration than
the side-on overpressure history. Peak positive and negative
strain values were also approximately 2—3 times larger than
those measured by sensing fibres in the hoop orientation.
While beyond the scope of the study, these results highlight
the importance of DAS sensor orientation with respect to the
propagation of the shock wave.

4 Discussion

Overall, this study has confirmed the feasibility of using HR-
DAS for indirectly measuring side-on blast wave parameters
in air, verified through qualitative agreement with pressure
measurements obtained by a reference piezoelectric pressure
sensor. Qualitative agreement included both an instantaneous
rise in positive strain followed by a decay and negative
strain phase, and even the second blast wavefront, analogous
to the reference overpressure waveforms, thus confirming
our hypothesis. The temporal behaviour of HR-DAS strain
histories was quantitatively assessed through comparisons
with reference overpressure histories, confirming reason-
able agreement with the timing (generally within 20%) and
waveform for the positive phase durations. In contrast, the
interpretation of the subsequent negative strain phase is less
certain. While the response is consistent with the expected
underpressure phase of a Friedlander waveform, it may also
reflect structural vibration or mechanical relaxation effects
following the initial loading.

Two different loading magnitudes (i.e., pso ~ 47 kPa and
72 kPa) were examined in Phase A, with peak strain observed
to approximately double, consistent with the peak blast
wave overpressure. While this suggests blast overpressure
and induced fibre strain are proportional, the performance
of HR-DAS should be investigated over a wider range of
blast overpressures and durations, plus examine the poten-
tial effects of the fibre material’s strain sensitivity. At higher
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Fig. 13 Overlaid overpressure and strain histories measured by the piezoelectric and HR-DAS sensors arranged in a hoop configuration at channels
3 and 4 (a—c) and arranged in a longitudinal configuration at channels 5 and 9 (d—f), displaying poor agreement
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Table 7 Strain data captured by HR-DAS sensors (Ch3 and Ch4) subjected to shock waves using 125-pm Mylar diaphragms (Phase B)

Test ID HR-DAS HR-DAS measurements
channel no.
Peak incident Maximum strain  Positive phase Peak negative Negative phase
strain (pe) (ue) duration (ms) strain (ue) duration (ms)
31 3 22.9 21.7 2.79 —134 7.03
4 15.1 16.3 2.15 —144 9.04
32 3 25.2 25.2 2.39 —20.7 7.16
4 24.3 24.3 2.13 - -
34 3 - - - - -
4 14.8 14.8 2.48 —10.5 6.42

overpressures, the strain may exceed the fibre’s material lim-
its, causing failure in tension or compression, necessitating
protective jackets or otherwise.

In addition to these technical considerations, HR-DAS
presents potential practical advantages for large-scale blast
measurement applications. A single interrogator can support
a very large number of sensing points along one fibre, sub-
stantially reducing the effective cost per node and providing
a sensor that may be more robust and less susceptible to
physical damage than discrete pressure transducers.

In this study, HR-DAS measurements demonstrated sen-
sitivity to the adhesive covering used to secure the sensing
fibre to the inner shock tube wall (i.e., masking tape vs. duct
tape). Generally, better agreement was observed in Phase B
tests, both in terms of qualitative waveform agreement and
durations, where fibres were secured using double-sided tape
topped with duct tape. Despite near-equivalent blast load-
ing conditions (i.e., using 125-pm Mylar diaphragms) and
the same hoop orientation, peak strain magnitudes measured
in Phase B tests (i.e., & 15-25pu¢) were larger by approxi-
mately a factor of three than in Phase A tests (i.e., & 5-6¢€).
This confirms that the HR-DAS measurement is also influ-
enced by the type of adhesive covering used, warranting
further investigation.

An important finding from this study relates to the ori-
entation of the DAS sensing fibre with respect to the shock
wave propagation. DAS sensors configured in a longitudinal
axis (parallel to shock propagation) lacked agreement with
pressure histories, suggesting that HR-DAS sensors must be
placed orthogonal to the shock propagation direction (i.e.,
hoop in the case of a shock tube) to generate meaningful
side-on blast wave measurements.

Although the resolution of the HR-DAS sensor has
improved and is now approaching that of traditional piezo-
electric point sensors, the intrinsic length of the sensing fibre
(between a reflector pair) limits agreement when oriented in
the longitudinal direction. HR-DAS fibres measure net elon-
gation, meaning that if some regions are in tension while
others are neutral or in compression, the resulting reading
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reflects the average strain over the entire gauge length. When
the DAS sensors were aligned parallel to the shock propa-
gation inside the shock tube, the fibre experienced localised,
incremental loading of varying magnitudes along its length
(Fig. 14a), rather than the uniform loading seen in the hoop
configuration (Fig. 14b). This also accounts for the longer
strain duration measured in the longitudinal orientation, as
the shock wave requires additional time to travel along the
full length of the sensor.

These findings underscore the limitations associated with
the fibre sensing length, L, between respective reflectors
when the loading event is dynamic, both spatially and tempo-
rally, such as the passage of the shock wave, which can lead to
complex and potentially meaningless data. This effect can be
reduced or eliminated by substantially reducing the distance
L between the reflectors from 15cm to 1cm, a distance that
better represents a point sensor. These observations also high-
light the importance of fibre sensor orientation with respect
to the loading event and the scale of the sensing fibre with
the dynamic loading time duration.

4.1 Limitations

While this study has confirmed the feasibility of HR-DAS
for measuring air blast parameters, several limitations and
complexities are deserving of further investigation.

The HR-DAS strain dataset is relatively limited due to
the challenges in manually triggering data capture for the
HR-DAS system; as such, the repeatability of the sensing
method in this case could not be explored. For similar rea-
sons, although a linear trend was observed between peak
overpressure and peak strain, only two blast loading condi-
tions were examined in this study, which is not sufficient to
confirm the linearity of the sensor response.

A higher pulse repetition rate is also required, as the
extreme nature of the blast wave exerts rapid and relatively
high strain fluctuations, which can cause the output of the
optical interferometer to traverse “multiple fringes”. This
leads to aliasing issues and potential data loss, preventing



The feasibility of high-resolution distributed acoustic sensing (HR-DAS) for measuring blast... Page 15 of 18 8

° the system from fully resolving the true strain history of
§ the event. The current 2-j1s sampling interval is insufficient
;32 S S S to capture the steep rise associated with the shock front,
g ;_: E g | rxl: which typically occurs on sub-microsecond timescales. As
a result, the peak strain and the initial gradient of the wave-
g form may not be accurately captured, limiting the system’s
§ ability to characterise the sharpness and magnitude of the
8 - loading event.
S = Q2 bt Blast wave interaction with the fibre itself should also
- < o= | be acknowledged. Despite efforts to maintain a near-flush
© mounting, the fibre installation involved mounting the fibre
;:: ég on the inner surface of the shock tube wall (secured with
%g s either masking or electrical insulation tape), which will
§ §E o N 2 have introduced a small projected area normal to the shock
EEd| v \© propagation direction. For fibres orientated in the hoop con-
. figuration, a bow shock can be expected to have formed at
= & g the leading edge of the fibre, which, coupled with differen-
22 ;‘g tial shock transmission through the tape, will have caused
) 2 §D i o 3 0 o some asymmetric loading on the fibre. For a bare fibre with
£z 23| P ST RV an outer diameter of 250 wm, and an estimated shock front
g velocity of 396m/s (based on Rankine-Hugoniot relations
A 3 and pso = 39kPa), shock front passage (over the fibre) can
<QIC % o e . . be expected to have occurred within approximately 0.63 j1s.
= E < E % E < E When considering the increased thickness of the fibre mount-
RS o TYT9eT ing with the tape secured on top (which has a similar thickness
21 _ to the fibre), the effective crossing time would increase by
3 g 2-3 times, or nearly 2 us. This behaviour should be visible
§ § in the rise times of the shock front in the measured strain-
:-: g RN © time histories. However, due to the upper frequency limit
éi E § 3 Ol' 3 S of 250kHz in these tests and the rapid shock front crossing
2 times described previously, a higher sampling rate would be
= o 2= required to examine this in detail and to assess whether pre-
é E f:; ) cise flush mounting is necessary to avoid distortion in the
z +§ QEJ é measured response.
% 3°Z g = 2 S Between successive tests, all fibre sensor locations were
E SEE o« visually inspected to confirm that the adhesive interface
2 ;é 5 remained intact and that the pre-strain condition was main-
2| &% tained. Although this did not adversely affect the current
_LE Cé’ —§ results, some variability in the applied pre-strain cannot be
E v & g 2 Lol ® ruled out.
g | TS| Al A R The pressure sensitivity of the fibre to hydrostatic pres-
E % 5 sure was measured using a Mach—Zehnder interferometer
E ° g ES 2 (MZI) setup and a water tank. In this experiment, the sensing
:é j'é i _EE % _ arm of the MZI was submerged in water, and an underwater
gl :,E I % : & speaker generated controlled hydrostatic pressures. The mea-
5|58 T EER sured pressure sensitivity of the fibre was —74.5 prad/(Pam)
é . (7), which is approximately 40 times lower than the strain
g | o E sensitivity observed during the shock tube tests using the
g é E HR-DAS. This discrepancy may arise from three factors,
o |E S - o+ o+ oo < including asymmetric loading on the fibre during blast expo-
: A sure, the limitations of applying hydrostatic pressure-based
2 P models to blast wave conditions, and simplifications in the
S| e b= &

@ Springer



8 Page160f18

J.W.Denny et al.

Fig. 14 Differential loading
exerted on sensing fibre with
length L in “longitudinal”
configuration with respect to
shock wave propagation (left) in
comparison with uniform
loading experienced in the
“hoop” arrangement (right)

o
L o o
—>
L
o
Shock front Shock front

theoretical analysis, such as neglecting pressure wave reflec-
tions at the fibre-tape interface:

1. First, cross-sensitivity of the fibre to strain may have influ-
enced the measurements. During shock wave propagation,
fibre elongation could occur due to drag forces (if the fibre
is not securely attached) or radial expansion of the shock
tube. The HR-DAS system cannot distinguish between
pressure-induced strain from a blast wave and strain due
to mechanical elongations of the shock tube, introducing
potential measurement errors.

2. Second, the theoretical framework used to estimate the
fibre’s pressure sensitivity might not fully account for the
behaviour of the fibre under shock loading conditions.
While the hydrostatic pressure sensitivity measurement
approach is well-established, it may not accurately cap-
ture fibre behaviour under a shock wave loading regime.
Unlike hydrostatic loading, which is quasi-static with
stable material behaviour, shock loading involves rapid,
high-pressure events with extreme strain rates and non-
equilibrium states [22]. These differences might explain
the difference between the hydrostatic and shock loading
sensitivities of the fibre, which requires further investiga-
tion.

3. A third potential contributor to the observed strain
response is rapid temperature change behind the shock
front. Estimated post-shock temperature rises of 4-17.5 °C
and +40.9 °C were calculated using Rankine—Hugoniot
relations for the 39kPa and 72kPa overpressure cases,
respectively. These transients occurred over microsec-
ond timescales and are expected to have decayed rapidly.
Given the short duration and low thermal conductivity
of the fibre and coating, heat transfer into the sensing
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region is likely to have been minimal. While some thermal
expansion may have contributed to the measured strain,
the effect is expected to be small.

Given the difference in sensitivity, our comparison between
pressure sensor data and HR-DAS focused on qualitative
agreement: specifically, the timing and duration of positive
and negative strain phases in the HR-DAS signal relative to
the overpressure profiles captured by the piezoelectric sen-
sors.

A key limitation of the current setup is the uncertainty
regarding the source of the measured strain: whether it
arises predominantly from pressure-induced radial loading
or mechanical strain in the shock tube wall. Since the HR-
DAS fibres were secured to the inner surface of the steel tube
with tape, they are inevitably susceptible to structural vibra-
tion and strain propagation within the tube wall, analogous
to a traditional strain gauge. This mechanical coupling may
obscure the distinction between dynamic pressure loading
and structural response. Conversely, insufficient adherence
may allow the fibre to experience local acceleration or drag
effects from the blast winds, introducing further strain unre-
lated to overpressure. Moreover, the fibre was not directly
exposed to the free-field blast wave; instead, the pressure
signal was transmitted through a tape layer, which itself may
have modified or attenuated the pressure waveform. As such,
while the HR-DAS signals qualitatively resemble pressure
transients, their attribution to air blast overpressure alone
cannot yet be confirmed. A fully decoupled, pressure-isolated
mounting method is required in future studies to distinguish
true pressure-induced strain from other sources.

Similar challenges have been reported for other opti-
cal measurement techniques, such as Photonic Doppler
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Velocimetry (PDV), where wall vibration and early structural
response can influence the recorded signal. A comparative
evaluation of PDV and HR-DAS behaviour under blast load-
ing could therefore provide useful insight in future work.

4.2 Future work

Several areas for future work are proposed to address the
limitations identified in this study and to further develop the
HR-DAS system for blast diagnostics:

— Expanded blast loading conditions—Conduct further
tests across a wider range of peak overpressures and pos-
itive phase durations to assess the proportionality of the
fibre response and support quantitative calibration under
varied impulse conditions.

— Trigger synchronisation—Automatic triggering and syn-
chronisation between the HR-DAS and conventional
pressure sensors will improve repeatability and support
direct time-of-arrival comparisons.

— Improved temporal and spatial resolution—Increasing
the sampling rate of the system will resolve the sub-
microsecond rise times associated with the shock front
and mitigate aliasing and fringe skipping. Reducing the
HR-DAS gauge length to 2cm will help to minimise
spatial averaging and improve sensitivity to local strain
gradients.

— Controlled fibre pre-straining—Developing consistent
and quantifiable pre-straining methods for fibre instal-
lation will improve sensor repeatability and support
calibration efforts.

— Dynamic calibration—Refine the theoretical model and
establish a calibration approach suitable for the transient
and high-strain-rate nature of blast loading.

— Thermal effect characterisation—Explore the influence
of transient temperature rises on the measured strain
through controlled testing and numerical simulation.

— Decoupled sensing strategy—To reduce uncertainty and
better characterise the relative contributions of dynamic
pressure loading and structural deformation, future exper-
iments will employ a differential HR-DAS configuration.
This will involve mounting one fibre to the internal sur-
face of the shock tube, where it will be subjected to both
blast pressure-induced strain and potential wall strain,
and a second fibre to the external surface, where strain
is expected to arise solely from shock tube deformation.
In addition, synchronised electrical strain gauges will be
installed adjacent to selected fibre locations to provide
an independent reference for the structural strain history.
This combined approach is expected to improve confi-
dence in the interpretation of HR-DAS data and support
the development of future calibration strategies.

5 Conclusions

In this study, shock tube experiments examined the capability
of HR-DAS sensors to capture strain responses associ-
ated with side-on blast wave overpressure histories through
comparison with a reference piezoelectric pressure sensor,
specifically examining the effects of sensor orientation (i.e.,
hoop or longitudinal) and the influence of two different sen-
sor (fibre) adhesive coverings.

Results confirmed that the HR-DAS system can measure
strain-time profiles when subjected to blast wave loading
with good qualitative agreement to overpressure histories.
The results revealed strong agreement between the HR-
DAS and piezoelectric sensor measurements when HR-DAS
sensors were mounted perpendicular to the blast wave prop-
agation, validating the system’s efficacy under uniform
loading conditions. However, discrepancies were observed
for sensors aligned parallel to the wave direction, highlight-
ing the limitations of the fibre sensing length and orientation
when subjected to dynamic, spatially varying loading sce-
narios. These findings emphasise the importance of sensor
placement and configuration for distributed pressure analy-
sis.

These results and recommendations highlight an inter-
esting opportunity to develop a novel blast pressure instru-
mentation method. This method, which is small in size and
relatively low cost, enables multiple measurement points
from a single optical fibre and addresses several limitations
with conventional pressure instrumentation methods. These
proof-of-concept findings will be of direct interest to defence
stakeholders and researchers in the blast protection and blast
injury research fields who are undertaking physical blast
tests.
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