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Abstract

The measurement of dynamic deformation of an explosivelgidal plate is an extremely onerous task. Existing
techniques such as digital image correlation are expermsidethe equipment may be damaged by explosively
driven debrigejecta, particularly if it is necessary to locate such eaugipt close to loaded elements which are
likely to fail. A new, inexpensive and robust measuremectitéque for use in full-scale blast testing is presented,
which involves the placement of displacement timer pins PB)Tat pre-defined distances from the rear surface
of the centre of a plate. A strain gauge on the perimeter df @at records the time at which the plate comes
into contact with the end of each DTP and hence has deforméuhtovalue of displacement, giving a direct
measure of the time-varying deformation at a discrete pminthe plate. An experimental proof-of-concept was
conducted and the results are compared with numericakdispients determined using LS-DYNA. The numerical
and experimental results were in very good agreement, wdidgests that the proposed experimental method
offers a valuable means for determining the full-scale respohstructures subjected to blast loads in aggressive
environments. Further improvements to the experimentadgaure are outlined, along with applications where
the DTPs are particularly suited.
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1. Introduction

When a blast wave resulting from a high explosive detonatiteracts with a structure located close to the
explosive, the magnitude of the resulting transient blaatllis extremely high and highly spatially non-uniform
over the face of the structure [1, 2]. This has the potertiahiise significant damage to key building components,
and poses a considerable risk to vehicles and civiliansicpéarly if the explosive is buried within a soil and its
effects are focussed vertically by the surrounding soil massoAlingly, we must better understand tikeets of
such loading if we are to design structures to resist theserag events.

Many past studies have involved experimental investigaitito the deformation of plates subjected to blast
loads, either in an attempt to better understand shocktsir interaction or to quantify material response to
blast loads. In a large number of these studies, the maxinesidual plate deformation is measured post-test
[3, 4, 5, 6], often in addition to a survey of the final deforndfile of the plate [7, 8, 9, 10, 11]. Whilst this
may give a detailed description of the spatial deformatibthe plate, it is usually more desirable to determine
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the transient deformation of the target structure, as thesfundamental requirement for numerical validation of
the time-varying features of the loading function. Measgat techniques such as target-mounted accelerometers
[12] or laser displacement gauges [13] may be sensitive aalshelated vibration and must be used with care.
These methods are primarily used for far-field events whHerdédading magnitude and hence target displacement
is expected to be small, and the risk of damaging expensivipegnt is minimised. For more aggressive loading
scenarios, there are few techniques available.

Digital image correlation (DIC) has been used to study thiefieild dynamic deformation of plates [14, 15, 16,
17, 18, 19]. DIC uses two high-speed video (HSV) camerastiinm stereo to gain a 3-dimensional perspective
of the subject of interest. During explosive events, thackitface of a target plate will be optically obscured
by flash and afterburn, or ejected debris if the charge isedutience the rear face of the target is filmed for
DIC. Deformation of the target plate is determined in pastepssing using image tracking software. Whilst DIC
offers a more complete description of the response of the tatfigeture, it has several limitations. DIC systems
are expensive and therefore explosive experiments reljeaeilly engineered structures to protect the equipment;
such protection has been achieved in small-scale testihg (@4 charge) by embedding the target within a larger
reflecting surface [17, 18], but is impractical for mediunmldoge-scale tests. Alternatively the DIC system can
simply be moved further from the explosive event, howeverdistance the DIC system can be moved from the
target is limited by the geometry of the test set-up and isnatfan of the desired target resolution, focal length
of the lens, and the distance required between each HSV aeambich increases as distance from the target
increases. The risk of potential damage to the DIC systenbé&as somewhat bypassed in ‘laboratory scale’ tests
through the use of charge sizes of no more than a few grams dfélguivalent, which may not be valid when
considering conventional explosives buried within sojl [1

There is the need, therefore, to develop an inexpensive @ngst measurement technique for use in full-
scale blast testing. This paper details the design of dispt&nt timer pins (DTPs): small steel tubes located
at pre-defined distances from the rear surface of an expglysivaded plate. A single strain gauge is located
on the perimeter of each of the pins, 15 mm from the loading eruch will record a change in strain once
the plate comes into contact with the pin. This gives the tahehich the plate has deformed to that position.
An experimental proof-of-concept test is conducted, whbezdynamic deformation of an explosively loaded
plate is recorded using five displacement timer pins loc@ted, 20, 30 and 40 mm in-plane distance from mid-
span of a one-way clamped mild steel plate. A numerical @malg conducted using LS-DYNA [20] to verify
the experimental measurements, and comments are made aocilvacy and suitability of the newly proposed
experimental approach.

2. Design of the displacement timer pins

When a DTP is impacted, an axial stress pulse will propadateats length. A strain gauge located some
distance from the strike end, orientated parallel to thgtlef the DTP, will record a finite magnitude aniies-
tively instantaneous change in voltage upon arrival of thess pulse. For the current application, the magnitude
of measured strain is unimportant as the arrival time prewiall necessary information. When used in a multi-
ple array, with each DTP set at a unique distance from thefeear of an explosively loaded target, a detailed
displacement-time history of the deforming plate can bevdravith each DTP giving the time at which the plate
has deformed to a certain value within the chosen measutearege.

The DTPs were constructed from 6 mm diameter, 300 mm longleta steel tubes with a 1 mm wall thickness,
each weighing-30 grams. A Kyowa KFG-5-120-C1-11 foil strain gauge waschiéal to the perimeter of the steel
tube using CC-33-A cyanoacrylate gauge cement, 15 mm frenstiike end of the DTP. The signal wires were
soldered to the strain gauge terminals on the exterior diuhe and were routed through the tube via a 4 mm long



notch cut into the surface, perpendicular to the length efgim. This prevented damage to the cables during use
and allowed free movement of the DTP before being fixed ingglaowing it to be easily loaded in position.

Each pin was seated in a 12 mm diameter, 50 mm deep PTFE bualiowging some movement of the timer

pin post-impact. Electrical insulating tape held the DTRIece once the distance from the target was set, the aim
of which was to gradually arrest the DTP post-impact rathantrisking the wiring being stripped when coming
into contact with the support. Six bushings were presddfittéo a 50 mm thick steel disk which was housed
within a steel ring welded to a 5%0x5 mm square hollow section (SHS). The SHS was attached tesh&ame,
250 mm from the far rear face of the target. One central pireanadiial arrangement of up five additional DTPs can
be accommodated at a radius of 18 mm from the central pin at@ged intervals. The location for the housing
was selected such that the shock transmitted through thé&aese would arrive after the pins had recorded an
impact with the plate. A schematic of the DTP array is showhigure 1.

| Target plate 0mm |

/ 110 mm /

20 mm
40 mm 30 mm 1

Strain gauge mounted 15 mm -
from strike face 6 mm diameter stainless
steel tube, 1 mm wall
thickness
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Hole through inner disc,
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(unused DTP location)

50 mm thick outer disc
50 x 50 x 5 mm

SHS welded to
outer disc

64 mm

Removable 50 mm thick
inner disc, pre-drilled and
pinned to outer disc

Figure 1: Schematic of the DTP housing and DTP array usedsrsthdy

The reader should be made aware that the following assungpiave been made with regards to the DTPs.
Firstly the diference in deformation at the plate centre and the non-dqiis (located 18 mm lateral distance
from the plate centre) was assumed to be negligible. Thisngirtned through the numerical results in Section
5.1. Secondly, the DTPs were assumedfterdittle resistance to the deforming target, which is fiesti by low



friction of the PTFE bushing and a mass that is several omfersagnitude lower than the deforming plate, hence
negligible momentum transfer. Finally, the time delay kedw the plate impacting the DTP and the strain gauge
recording a change in voltage was assumed to be insignifietative to the time taken for the plate to deform.
This is justified by considering a stress pulse travellingrabpproximate elastic wave speed of 5008.nThis
pulse will reach the gauge locationu8 after impact (note: if the magnitude of impact stress fi@ant to cause
plasticity in the DTP, an elastic stress component will stilvel at the elastic wave speed and be recorded at the
strain gauge after this time). The deformation of the platexipected to last in the order of a few milliseconds,
hence this dference is negligible.

3. Experimental proof-of-concept

An experimental proof-of-concept test was performed téfyéne DTPs as a viable method for measuring the
dynamic deformation of an explosively loaded plate, witlotolgraphs of the test arrangement shown in Figure 2.
A 200 g PE4 charge was press-formed in a spherical mould goubsied 125 mm above the centre of a 4 mm
thick steel plate. The charge was situated on a 50 mm thidk3@0 mm polystyrene beam, which spanned onto
two machined blocks of polystyrene and was secured firmli ditct tape (Figure 2(c)). Machining of the charge
support enabled the stand-to be accurately controlled, and the frangible polystyr&necture could be assumed
to have no influence on the development and propagation ditisewave. The position of the charge support and
the plate centre was measured using a steel rule and wasdmarkbe loaded face of the target plate prior to the
plate being fixed into the test frame. The centre of the chsugport was measured on a mill bed digital read-out
and was marked with a fine line marker pen prior to being plamedhe target. This ensured the charge was
located centrally above the plate. After the charge wagipogid, the stand{®(from charge centre to target plate)
was measured and confirmed to be witkih mm tolerance. A medium intensity DaveyDet electrical dator,
with a net explosive quantity (NEQ) of 0.8 g PETN, was insgiteo the centre of the charge from above, giving
an dfectively spherically symmetric point detonation. A bred@emwas wound around the circumference of the
detonator at a distance of one charge radius from the detoeat!, such that it sat flush with the surface of the
charge once the detonator was embedded. This enabled &cgueantification of the time of initiation to provide
a triggering signal.

The 4 mm thick steel plate was situated within a larg&eatively rigid clamping frame (Figure 2(a)). The
boundary conditions were specified such that the plate heat dimensions of 64630 mm, and was one-way
spanning, clamped in the 640 mm span with the edges of the &3@pan free to displace in-plane, with 5 mm
clear either side to prevent the plate from striking the garg frame whilst displacing. The clamping frame sat
on four 50<50x5 mm SHSs bearing onto a flat, level, reinforced concretergielab. There was a clear distance
of >4 m from the frame to any nearby objects, ensuring no reflestfoom the blast wave would arrive during
the displacement phase of the target plate. The DTP housasgacated directly below the centre of the plate
(Figure 2(b)). The central pin was situated flush with thekiface of the target, with four subsequent pins at 10,
20, 30 and 40 mm clear distance from the plate (Figure 1). disimnce was measured twice using a magnetic
steel rule; once before the pins were held in place and orieensdrds to ensure a tolerance=0.5 mm was
met. Preliminary numerical modelling indicated that that@lwould not deform by more than 50 mm, hence the
sixth DTP hole was left unused. Information of the targepogse, however, is not requiradpriori and can be
determined from preliminary testing using various DTP agements.

Strain data was recorded using a TiePie Handyscope 4 dagitilloscope, recording samples at 1.56 MHz
and 14-bit resolution. The oscilloscope was triggered tom following a change in voltage of the breakwire
signal, with a 10% pre-trigger allocated. 20,000 samplagwecorded in total, giving arflective post-detonation
recording time of 11.5 ms. The plate was expected to impaditial DTP within this time with a suitable margin
for any potential triggering error. The reader should berawéthe conflicting requirements of long recording time



Figure 2: Photographs of test arrangement; (a) test frameldse-up of displacement timer pin (note: only central s been loaded), (c)
Fully instrumented test setup with charge in place



(in order to capture all features of the deformation histatyd high sampling frequency (for accurate recordings
of DTP impact times). The selected values were seen as dkuit@ampromise for the current test arrangement.

Figure 3 shows the experimentally recorded voltage-tilstohies, which have been zeroed vertically by sub-
tracting the pre-trigger mean voltage of each channel.rAlieés exhibit a clear rise in voltage upon impact of the
plate with the DTP. From knowledge of each DTP location, thikage-time histories have been converted into a
displacement-time history at the centre of the plate. Impaes of each DTP are also shown. A signal spike at
t = 0 can be seen in all traces, which is a result of cross-tatk fiee breakwire signal. This noise has a very short
duration and does not subsequently influence the recordfiogsthe DTP channels, however care must be taken
to eliminate this data during post-processing if using eomatic code to detect a rise in voltage associated with
impact of the plate with the DTP for each signal channel.
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Figure 3: Raw experimental voltage-time traces (with meaatpgger voltage subtracted from each channel) andriededisplacement-time
history at plate centre



4. Numerical analysis

4.1. Introduction

The LS-DYNA explicit finite element code [20] was used to slate the experimental trial. In this article,
numerical modelling serves as verification of the proposg@emental measurement technique. For this reason,
a detailed account of the model setup is provided in ordeiv® tipe reader confidence in the methodology and
results used for verification. The plate was modelled usiagrangian shell elements situated within a Multi-
Material Arbitrary Lagrangian Eulerian (MM-ALE) air donrai The explosive and air were treated as separate
parts, allowing the detonation process and blast wave gatjman to be modelled using the multi-material solver,
with the Van Leer advection method with half-index shift [pecified as it is generally recommended for high
explosive problems.

4.2. Model setup

4.2.1. Air and explosive
The air was modelled using thes_Linear_porLynomiaL equation of state (EOS)

p = Co + Cypt + Cops® + Cau® + (C4 + Copt + Cop®)E (1)

whereCy, C1, Cy, C3, C4, Cs, Cg are constantsg; = p/po— 1, p andpg are the current and initial densities of air, and
E is the specific internal energy. If the variabés C,, C,, Cz andCg are all set to equal 0, ar@, andCs are set

to equaly — 1, wherey is the ratio of specific heaty & 1.4 for air), the equation reduces to the ideal gas equation
of state

p=(y - 1)Ep/po 2

The air was modelled using thewxr_~uie material model, with material model and EOS parameters show
in Table 1. An initial specific internal energffy = 2534 kPa, was given to set the atmospheric pressure to
101.36 kPa.

The explosive was modelled withar_nicu_expLosive_BURN Material model and Jones-Wilkins-Lee (JWL)
semi-empirical equation of stategs_ywr [22]. The density,, detonation velocityD, and Chapman-Jouguet
pressurePc;, of the explosive are defined in the material model and cotlisoprogrammed detonation of the
explosive. The pressure, volume, energy relation of théosie products post-detonation is given as

_ W\ RV Ry , WE
p_A(l Rlv)e +B(1 sz)e + v 3)
whereA, B, R, R, andw are constantsy is the volume andt is the specific internal energy as before. The
parameters for PE4 are also shown in Table 1, where thelimternal energy for PE4E, is specified. PE4 is
nominally identical to C4, hence the parameters used irstoidy were taken from the values for C4 published by
Dobratz & Crawford [23].

The airblast analysis was initiated using 2D axi-symméitid-ALE elements in a graded radially symmetric
mesh. The explosive and air were meshed as separate entitiesontact between the two parts achieved with
shared nodes along the boundary. The polystyrene charg@iupas considered negligible and the problem
was assumed to be an idealised free-air detonation with @ bf the detonator neglected and a point source
detonation assumed usingviriaL_peroNaTioN. Interaction of the blast with the steel plate was not cagrgd in
this stage of the analysis, hence only the parts correspgridithe air and explosive were included. The 2D
analysis was terminated when the shock front had propad2@dim: 5 mm short of the target plate to account
for numerical rounding of the shock front. This informatiwas then mapped onto a 3D domain — which included



parts corresponding to the plate —tat 21 us using *initiaL_ALE_MAPPING [24]. This remapping technique has
been shown to greatly reduce computational errors assdaidth high pressure gradients and cross-element mass
movement in the early stages of detonat@pansion [25]. Quarter-symmetry was utilised for the 3Rlgsis,
with a domain of 0.315% 0.3 x 0.32 m specified, with the direction relating to the clamped span of the plate,
thex direction relating to the unsupported span of the plate they direction relating to the direction of in-plane
displacement of the plate. Rigid boundary conditions weecsied for the symmetry planes € 0 andz = 0
planes) and free boundary conditions were specified elsewhe

AIr  MAT_NULL

Lo
(kg/m?)
1.225
EOS_LINEAR _POLYNOMIAL
Co(Pa) Ci(Pa) Cy(Pa) C3(Pa) Ca(5) Cs () Ces () Eo (Pa)
0.0 0.0 0.0 0.0 0.4 0.4 0.0 25331
PE4  MAT_HIGH_EXPLOSIVE_BURN
00 D (nmy/s) PCJ (Pa)
(kg/m?)
1601 8193 280
EOS_JWL
A(Pa) B (Pa) Ri () R () w () Eo (Pa)
609.7&9 12.9%9 4.50 1.40 0.25 9:®
Steel MAT_SIMPLIFIED_JOHNSON_COOK
Po E (Pa) v(-) A (Pa) B (Pa) n() CE)
(kg/m?)
7850 212.%9 0.3 35@6 27%6 0.36 0.022

Table 1: Material model and equation of state parameteraifoPE4 [23] and steel [26] used in this study

4.2.2. Seel plate

The plate was discretised into a grid of 10000 Belytschko-Tsay shell elements with four integratiomfs
through the thickness of the shell, again using quartemsgtry. The plate was modelled using the simplified
Johnson-Cook material which relates the equivalent steeggo the equivalent strairey, and equivalent strain
rateeq [27],

0eq = (A+ Beo") (1 +Cln e_iq) (@)
€

whereA, B, n andC are material constants amgl is the reference strain rate of 1's Thermal softening
effects and damage are ignored in the simplified Johnson-Cotdcislanodel. No failure criterion was included
as the plate was not loaded to failure in the experiment. ©hasbn-Cook parameters used for steel in this study
are given by Clarke et al. [26] and are also shown in Table fgaieith the densityp, elastic modulusk, and
Poisson’s ratioy, used for the plate.

Fluid-structure coupling was achieved using thexstraNeED_LAGRANGE_IN_soLiD Keyword with the penalty
contact specified as ‘normal only, compression and tensibiis is as an alternative to applying semi-empirical
predictions directly to the plate [13, 28]. The plate spahd®4 m in thez direction (0.32 m in quarter symmetry),



was unsupported in the 0.63 xspan (0.315 m in quarter symmetry), and was free to disptateely direction.
Boundary conditions and symmetry axes were achieved usidglpoint constraints, with all displacements and
rotations constrained along the clamped edge of the mate((32) and appropriate displacements and rotations
constrained along the symmetry axes.

5. Resultsand discussion

5.1. Results

Figure 4 shows the numerical displacement-time histonhefriode situated at the centre of the plate, along
with the experimental displacement-time history deteedifrom DTP impact times (as in Figure 3). The numer-
ical results show excellent correlation with the experitaérecordings, with the 0, 10 and 30 mm DTP impact
times dfectively coincident with the numerical displacement-timeve. The numerical results have therefore
adequately proved the concept of using a DTP array for thesumrement of transient deformation at a significant
point on an explosively loaded target. Whilst it is accepted further testing is required to explore the full remits
of this technique, it is dficient to say at this stage that the DTP method has been shogifeta valuable new
experimental approach.
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Figure 4: Numerical and experimental displacement-tinstohies (experimental error bars are negligible at thige$ca

Further, the results from the numerical analysis show tredsuring the displacement of the plate at 18 mm
lateral dfset from the centre (as was the case with the radial pins imxtperimental work) would result in a
peak deflection of 0.3 mm less than at mid-span. This is witfén=0.5 mm tolerance when situating the DTPs
10-40 mm from the target rear face, and confirms the assumibtéd radial DTPs can be used to measure target
deformation at discrete points without any significant seusf error from the DTP placement. Care should be
taken, however, when performing small-scale testing uaiy P array, as this measuremerttetience coupled
with an increased DTP mass relative to the plate mass magif@ithe validity of results.

5.2. Critique of the DTP method and improvements

The DTPs have several key advantages. Firstly, the pinseamanufactured in-house wittifethe-shelf com-
ponents and provide critical data from environments that ateerwise prohibit the use of expensive equipment.



Whilst the DTPs can be re-used, the comparatively low cogtagh sensor suggests that its application is par-
ticularly suited to environments where other measuremgpaiatus may be critically damaged. Secondly, data
generated from the voltage-time signals can be processe@@arnmonly available software such as Microsoft Ex-
cel or MatLab and does not require specialist training.

The experimental proof-of-concept presented in this lertias chosen specifically for a case where existing
numerical modelling approaches cadffien suitable verification [2]. In concept, however, the DTRm@ach is not
limited by this requirement and can be used for measuringct&sh of complex target geometries and materials,
confined or internal explosions, and vehicle undersidefestésl to shallow buried explosives. For these situations,
DIC/HSYV or laser displacement gauges may be unsuitable duehtr @itsuficient field-of-view, the proximity to
loaded elements, or the likelihood of damage to expefisigplaceable equipment.

By using extra DTPs within the central array, or by locatidgitional arrays at other points of interest on the
target (e.g. quarter-span), the experimentalist camdltigh-fidelity displacement measurements for use in either
parametric study or model validation. This comes with theeaathat each separate DTP will require a separate
channel for data capture. Each test facility will therefbesre a limit on the amount of DTPs they can employ,
however this is a limit imposed by the availability of hardeiarather than of the experimental equipment itself.
Recent experimental work by the current authors utilise @ channels of data capture [1].

Furthermore, locating several DTPs at the same in-planeadidl distances from the plate centre will give
an indication of the temporal variance in spatial distriditof plate deformation. For example, non-uniform
breakout of the soil surface for certain soil types has begrothesised as the main influence on variability of
residual deformation of plates subjected to subsurfac®sxms [29]. The DTP approach used in this manner,
i.e. with DTPs at non-unique distances from the plate serfean assess whether this non-uniform distribution of
loading has an influence on localised plate deformationgkvhiould be detected if significantlyftiérent impact
times are recorded at the pins for nominally identical caorabons of in-plane and lateral distance from plate
centre. This may be a useful means for determining whetlualised stress maxima and hence plate failure is
more likely to occur for dierent soil conditions. Indeed, a suitable extension of ti@ Bnethod could be to
record plate failure itself: whilst it is beyond the remittbe current work, it is possible that the DTPs could be
primed to short once exposed to blast pressure or debrisetrough a failed plate, thereby giving the time at
which failure has occured. This can be used in conjunctidh #ie displacement-measuring capability of the
DTPs (pre-failure), however will make the DTP@extively ‘single use’ for each test where failure occursisTis
acceptable given their low cost and ease of manufacture.

Numerical modelling was used in this study to determine #rge of displacements in which to locate the
DTPs. However, the relative ease of construction and iasitah of the apparatus suggests that the optimal ar-
rangement can be determined from a series of preliminatg tesng diferent DTP arrays when an accurate
numerical model is not available, as is the case with morepbextases such as buried explosive events. Provid-
ing the DTP support system does not interact with the platéstvheforming, or influence the blast event in any
way, the DTP approach is a truly non-invasive means for nreagtransient plate deformation and should not be
limited to a specific range of charge mass and structurahgement.

6. Conclusions

This paper presents a new method for measuring the dynarfumagtion of explosively loaded plates. The
design of displacement timer pins (DTPSs) is detailed: sistakl tubes located at pre-defined distances from the
rear surface of an explosively loaded plate. A strain gaugthe perimeter of each pin will record a change in
voltage when the plate comes in contact with the pin, anddeancarray of DTPs can be used to determine the
time at which the plate has displaced to certain values. Wiilishe give the time-varying displacement of a small
region of the plate which can be assumed to be equivalentitgbegoint value, i.e. mid-span in this article.
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An experimental proof-of-concept test was conducted, wig®0 g spherical PE4 charge suspended 125 mm
above the centre of a 4 mm thick steel plate. The steel pladeclear dimensions of 64®30 mm, and was
clamped in the 640 mm span and unsupported in the 630 mm spEPs Were used to record the time at which
the centre of the plate had displaced 0, 10, 20, 30 and 40 mdhthenexperimental data was compared with
numerical displacements determined using LS-DYNA, whaeehilast was explicitly modelled and loaded the
structure through fluid-structure interaction. The nuicerand experimental results were in very good agreement.
Therefore, the proposed experimental method has beenrpioveoncept and féers an accurate and valuable
means for determining the full-scale response of strustsubjected to blast loads in aggressive environments.

The instrumentation is simple to construct, install andys®a The comparatively low cost of the sensor com-
ponents permits the DTPs to bfextively viewed as disposable, allowing deformation-tiia¢a to be gathered
from situations that would otherwise not be consideredablstfor instrumentation. DTPs are particularly valu-
able for situations where optical systems such as/B8Y or laser displacement gauges cannot be employed
because of either proximity to the blast or field-of-viewuiss. In the particularly aggressive environment of shal-
low buried blast tests the proposed methodology may be ugbdwt further engineering of protection systems as
measurement will generally be complete before the arrizahy debris.

Expansion of the proposed experimental method may allowcépture of higher resolution deformation-
time profiles than the simple case presented herein. DTPa héde range of application and can be used with
confidence as an inexpensive and robust measurement taetforquse in full-scale blast testing.
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