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Abstract 

This paper presents insights into the response and failure of medium density fibreboard (MDF) panels subjected 

to air-blast loading. The MDF panels are representative of a cheap, and potentially sustainable, structural 

material that is commonly used in homes and buildings. Simplified computational simulations were used to 

design a series of air-blast experiments to elucidate a range of responses and failures within the MDF. The 

blast-loaded MDF panels exhibited multiple surface cracks, substantial in-plane cracking throughout the less 

dense parts of the cross-section, and fragmentation failures. The transient results show MDF exhibits peak 

displacement that are many times greater than the permanent deformation, and that the internal damage due to 

cracking reduced the stiffness of the panels. These findings provide unique and detailed insights into the 

cracking and fragmentation of MDF that will prove valuable to blast protection engineers considering the 

effects of explosive detonations inside buildings containing MDF furnishings, and any increased risk of 

secondary blast injuries due to flying MDF debris. The experimental data can be used by modellers to validate 

simulations of damage due to explosive events in the future. 

 

Keywords: wood fibre based composites, medium density fibreboard; blast response; fragmentation; cracking 

failure. 

 
 

1. Introduction 

Terrorism remains a significant and serious threat in the eyes of the public across the world [1], with bombings 

in Sri Lanka (2019) and Manchester (2017), among others, keeping the public aware of this devastating tactic. 

The Easter bombings in Sri Lanka occurred indoors, targeting churches, hotels and a housing complex [2].     

Additionally, over 130 000 people were injured or lost their lives [3] during incidents involving improvised 

explosive devices over a five year period (2011-2016). Furthermore, the global economic impact of terrorism 

is high, estimated to be a staggering $26.4 billion in 2019 alone [1]. Sadly, accidental explosions also pose a 

risk, as demonstrated by recent disasters in China [4] and Beirut [5]. For example, the 2020 Beirut explosion 

had an explosive yield estimated to be 500-1120 T TNT equivalent [6]. More than 6000 people were injured 

and 181 people died. Social media footage filmed the blast propagating through the streets, demolishing 

buildings and destroying local homes and businesses.  
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The use of low cost alternative materials in the construction of furniture has led to the increasing popularity of 

engineered wood products like medium density fibreboard (MDF) and plywood [7-8]. MDF is one of the most 

widely used wood composites [7] as it offers dimensional stability (unless exposed to water), has consistent 

strength and stiffness properties, and is easy to paint or glue [7-11]. This makes it ideal for shelving, furniture, 

partition walls and laminated flooring [7-11]. Efforts are underway to improve the environmental profile of 

MDF [9], such as developing alternatives to the urea-formaldehyde resin used [10-11], adapting its processing 

to utilise plant waste materials [12], and MDF waste recycling [13]. There is also work into enhancing its 

strength and toughness for use as an alternative building material [14]. In summary, MDF is a common 

construction material found in homes and businesses, and is likely to remain so as it becomes more sustainable. 

Despite its ubiquity, little is known about its blast performance as most studies (for example, see references [7, 

11-17]) examine quasi-static properties such as modulus of rupture, water absorption, and internal bond strength, 

and some limited impact testing [7]. Blast studies on wood-based materials are limited to timber structures and 

natural woods such as oak, birch, pine and aspen [18-20], field tests on full-scale steel framed E-glass coated 

wooden wall panels [21], and a numerical study on cross-laminated timber [22]. 

This paper reports the results of a primarily experimental study on the transient response and failure of 

commercially available MDF panels subjected to air-blast loading. Firstly, the properties of MDF are 

characterised at quasi-static rates of strain and a computational model is used to estimate an appropriate 

explosive charge mass range. Next, the results of nine air-blast experiments are reported: transient displacement 

response, surface damage and internal cross-section failure. Stereomicroscopy and SEM are used to elucidate 

additional information about the failures observed. The findings are relevant to those modelling material 

damage or injury risk due to explosive events in settings where MDF is commonly used, such as housing 

complexes and shopping centres.  

 
 

2. Material properties 

2.1 Composition 

MDF typically comprises 80% wood fibre, 10% urea-formaldehyde resin, 10% water and 1% wax [14]. Wood 

chips are processed into fibres that are formed into boards using a dry hot-pressing technique. The multi-stage 

pressing cycle results in panel boards with zones of increased density on the outer faces and a core region of 

lower density and mechanical strength. For this work, an MDF known as “Supawood” was used as it was 

locally produced (in South Africa), cheap and readily available [23]. The material safety data sheet [24] states 

that the nominal composition of Supawood MDF is 82-84% wood, 8-10% UF resin, 5-8% water and a small 

quantity of paraffin wax, with  nominal density in the range 560-830 kg/m3.  

Several sheets of 16 mm thick MDF board were purchased for material characterisation and blast loading 

experiments. The panels had an areal density of 12.5 kg/m2, equivalent to a 1.6 mm thick steel sheet or a 

nominally 5 mm thick, 400 g/m2 glass-fibre epoxy panel. The cross-section indicated outer regions of more 

densified fibres, shown in Figure 1a, that are consistent with a typical MDF manufacturing process. Small (10 
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mm x 10 mm) pieces were removed from the panel cross-section and viewed using scanning electron 

microscopy (SEM) with some typical images shown in Figure 1b and Figure 1c. The images showed densely 

packed, randomly oriented fibres, with little resin, which is typically expected for MDF. Some of the fibres 

look less well defined at higher magnification, Figure 1c, due to the specimen polishing process used in 

preparing samples for SEM.   

 

 

 

 

 

 

 

 

 

(a)              (b)                (c) 

Figure 1: Photographs of a 16 mm thick Supawood MDF cross-section (a) taken using stereomicroscopy (b) 

SEM image at 200x  (c) SEM image at 4000x 

 

2.2 Flexural properties  

Quasi-static 3-point flexural tests were performed on 55 mm wide, 260 mm long rectangular strips of Supawood 

MDF at a constant cross-head speed of 3 mm/min, in accordance with ASTM 7264 [25]. The engineering stress-

strain relationship was curvilinear (Figure 2), with a mean average peak stress of 30±0.4 MPa at a strain of 

0.015±0.0004 m/m. A steep drop in stress occurred after the peak, and failure occurred thereafter at an average 

strain of 0.017±0.001 m/m. The flexural modulus of elasticity was 27.6±0.03 GPa. The MDF specimens 

exhibited consistent flexural behaviour, evidenced by the low standard deviations. 

 

2.3 In-plane tensile properties 

The general tensile test procedure was based on ASTM D3039 [26], with specimens of 25 mm nominal width 

and 250 mm nominal length. The recommended specimen thickness of 2.5 mm was disregarded for the tests 

due to the changing density of the MDF throughout its cross-section. Specimens were cut at 0°, 45° and 90° to 

the length of the MDF board. Three types of specimen were tested: (1) 12 mm thick MDF from the core, with 

the outer surfaces shaved away, (2) 12 mm thick standard MDF board and (3) 3 mm thick MDF board. At least 

five specimens per configuration were tested. The face of the tensile specimen was coated with a speckle pattern 



4 
 

for filming. Digital image correlation was used to record the surface strain during the test. The crosshead speed 

was kept constant at 1 mm/min. To facilitate mounting in the grips and prevent slippage, the ends of the 

specimens were wrapped with emery cloth.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Typical engineering stress-strain curve obtained from quasi-static three point flexure tests on 16 mm 

thick Supawood MDF specimens 

Lateral cracking was observed in all specimens, regardless of orientation, thickness or whether the outer surface 

was left intact or shaved away. In the 3 mm thick specimens, angled cracks were also observed for 0°, 45° and 

90° specimens. The failure location varied, with some failures within the grip or within one width of it (this 

type of failure was more evident in “shaved” specimens and 45° specimens). When the results from specimens 

that failed close to the grip were discounted, the averages changed by up to 5%, within the variability of the 

properties. Overall, the MDF specimens exhibited brittle cracking failures and the engineering stress strain 

curves were curvilinear (Figure 3). The specimens with the outer surfaces present were strongest, with an 

ultimate tensile strength of 16.8 MPa, due to the denser fibres. As expected, the 12 mm thick specimens from 

the core (with the outer 2mm shaved away from each face of a 16 mm panel) were the weakest, with an average 

ultimate tensile strength of 7.8 MPa and a failure strain of 0.009 m/m. It appeared that most of the tensile 

strength of the MDF board was due to the outer 2 mm regions of the cross-section that comprise the denser 

fibre distribution. Similar trends were observed for modulus of elasticity as shown in the results summary in 

Table 1. 
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Figure 3: Engineering stress-strain curves obtained from in-plane tensile tests on Supawood MDF boards 

 

Table 1: Summary of in-plane tensile test results 

 Modulus of 
elasticity, ET 

[GPa] 

Apparent elastic 
limit,  σT

Y 

[GPa] 

Ultimate tensile 
strength, σT

U 

[MPa] 

Strain at failure, 
εT

fail 

[m/m x103] 

mean Std 

Dev 
mean Std 

Dev 
mean Std 

Dev 
mean Std 

Dev 

Supawood  
3mm 0o 

2.95 0.05 7.3 0.4 16.8 0.5 8.9 1.0 

Supawood  
3mm 90o 

2.78 0.07 6.7 0.2 15.0 0.4 8.4 0.5 

Supawood  
3mm 45o 

3.33 0.06 8.3 0.4 19.7 0.7 9.3 1.0 

Supawood  
12mm 0o 

2.52 0.04 7.3 0.6 18.0 0.5 12.0 0.7 

Supawood  
12mm 90o 

2.41 0.08 7.5 1.4 15.6 0.6 10.0 1.0 

Supawood  
12mm 45o 

2.44 0.04 8.0 0.5 17.2 0.8 11.2 1.3 

Supawood  
12mm-S 0o 

1.55 0.04 3.9 0.2 7.4 0.2 7.0 1.0 

Supawood  
12mm-S 90o 

1.58 0.09 4.1 0.6 8.2 0.2 8.7 0.5 

Supawood  
12mm-S 45o 

1.51 0.05 3.9 0.7 7.8 0.2 8.1 0.8 
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2.4 Through-thickness tensile properties 

The through-thickness tensile tests were based on the SANS 6016 [27] standard. MDF blocks of 40 mm x 40 

mm x 16 mm were glued into T-shaped steel loading blocks using a high-strength Spabond epoxy adhesive, 

shown in Figure 4. The assembly was mounted in a universal testing machine and the crossheads moved apart 

at a constant rate of 1 mm/min. 

 

 

 

 

 

 

 

 

 

 

Figure 4: Schematic showing through-thickness tensile testing assembly 

 

The mean average through thickness tensile strength was 0.38 MPa, based on five tests. The strengths varied 

considerably from 0.19 MPa to 0.69 MPa, possibly due to off-axis loading and mounting difficulties (although 

this may also reflect the natural variability of the material, this is unknown), so the manufacturer’s nominal 

value of 0.5 MPa [24] seemed reasonable. Interestingly, the majority of specimens failed due to cracking near 

the mid-plane, shown in Figure 5, as expected since the core was less dense than the outer surfaces.  .   

 

 

 

 

 

 

 

 
Figure 5: Photograph showing cracking failure of a through-thickness tensile test specimen 
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2.5 Through-thickness compression properties 

Guidance for through-thickness compression testing was not present in the South African National Standard 

for uncoated fibreboard products [28] or ASTM standards [29] for evaluating properties of wood-based fibre 

and particle panel materials. Therefore, the square geometry recommended in reference [27] was adopted, with 

a side length of 25 mm that was large enough for many unit cells of MDF. A constant crosshead speed of 1 

mm/min was used. Seven specimens were tested, with almost identical compressive properties obtained, shown 

in Figure 6. Response was approximately linear up to a strain of 0.007 m/m, followed by a steep increase in 

stress up to failure at a strain of 0.0171±0.0001 m/m. The mean average through-thickness compression strength 

was 115.5±2.3 MPa. 

 

 

 

 

 

 

 

 

 

Figure 6: Engineering stress-strain curves obtained from through-thickness compression tests on 16 mm thick 

MDF blocks 

In summary, the quasi-static material tests on MDF shows that the board had very consistent properties in 

flexure and through-thickness compression. The in-plane tensile properties were dominated by the more 

densified outer regions of the cross-section, with a relatively small influence from the orientation of the 

specimen relative to the MDF board. The flexure, through thickness and in-plane tension results gave 

confidence that the properties of the blast test specimens will be consistent during the explosive detonation 

experiments. However, the in-plane tension tests also revealed that the cross-section properties were not 

homogenous with respect to density, tensile strength and stiffness, creating challenges for detailed numerical 

modelling.  Through-thickness tensile properties were lower and more variable than expected. 
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3. Blast test design 

 

3.1 Blast test method 

Small scale blast experiments involved detonating cylindrical disk-shaped charges of PE4 plastic explosive at 

the open end of a 200 mm long square section blast tube, as shown in Figure 7. The blast tube was employed 

to increase the spatial uniformity and decrease the intensity of the blast wave, similar to the method used in 

Langdon et al [30]. It also ensured that all the blast impulse was applied directly to the panels and not to the 

clamps. The cylindrical disks were placed on a polystyrene pad that fitted into a recess at the open end of the 

tube, allowing for precise location of the charge. The disks were detonated from the rear in the radial centre 

using an electrical detonator. A 300 mm by 300 mm MDF panel was mounted to the rear of the blast tube using 

picture frame clamps with six equi-spaced holes along each edge, for facilitating mountings and positioning. 

Prior to drilling the holes, each panel weighed 1.13 kg and had a mean thickness of 16.1 mm. The exposed area 

of the panel was 200 mm by 200mm, determined by the internal dimensions of the square tube. The front clamp 

frame was integral with the tube and the rear clamp frame was mounted onto pendulum via and adapter plate. 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

Figure 7: Blast loading experimental arrangement (a) schematic showing the charge positioning (b) 

photograph of the pendulum used to mount the specimen and determine impulse 
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3.2 Determining the explosive charge mass range 

Basic computational simulations of the experiments were performed to determine a suitable charge mass range 

and disk diameter for the blast experiments. LS Dyna [31], a commercially available solver, was used to 

perform ¼ symmetry simulations of the experiments using the geometry described in Section 4.1. The multi-

material arbitrary Lagrangian-Eulerian (MMALE) approach was adopted.  

3.2.1 Geometry 

To reduce run-times, only the exposed area of the panel was modelled while the clamped boundary was 

approximated by fully fixing the nodes along the appropriate edges, as shown in Figure 8. This was considered 

acceptable as the MDF panels exhibited little ductility in the material tests and the model was used for test 

design rather than detailed analysis. The walls of the blast tube were replaced with reflective boundaries. The 

explosive charge was situated 200 mm away from the MDF panel with a 50 mm region of air around and behind 

the explosive. Flow-out boundaries were used for the air outside the blast tube domain. A 50 mm region of air 

was modelled behind the MDF panel, also with flow-out boundaries. The air block meshes had solid elements 

with a side length of 2 mm, consistent with other blast modelling work [32-33]. The 16 mm thick MDF panel 

was modelled using solid elements, 1 mm by 1 mm by 1 mm, to prevent leakage while maintaining numerical 

accuracy, based on the recommendations in [31] and the mesh sensitivity study by [34].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Schematic of basic geometry of MDF panel subjected to an explosive detonation (where t = panel 

thickness; for GLARE t = 1.41 mm, for MDF t = 16 mm) 
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3.2.2 Material modelling 

Air was modelled as an ideal gas with an initial air density of 1.184 kg/m3, a specific heat ratio of 1.4 and initial 

internal energy per unit volume of 253.3 kJ/m3 [32, 35]. The explosive disk was modelled using the JWL 

equation of state, given by Eq (1). Following references [32-33, 35-37], the JWL parameters for C4 were used 

[33]. C4 and PE4 contain similar proportions of the active explosive RDX (C4 contains 91%, PE4 has 88%). 

Bogosian et al [38] determined that, for impulse and pressure equivalence, the two explosives can be treated as 

the same material. Details of the C4 JWL parameters are in Table 2. 

 

 

  (1) 

 

 

Table 2: Properties of C4 used in the simulations 

 

 

 

 

 

The material characterisation experiments showed that the properties of the MDF cross-section varied between 

the relatively stiff and stronger denser outer regions with a relatively flexible core. Unfortunately, the transition 

in density between the inner and outer region is gradual, so the cross-section was modelled as a homogenous 

material with smeared properties. An isotropic elastic failure model (MAT13 in LS Dyna) that deleted elements 

when the strain exceeded a pre-defined value (0.5%, from Section 2.4) was used as a guide to indicate when 

the panels would be likely to fail in ways that would place the imagining system at risk. The estimated material 

properties are shown in Table 3. The shear modulus (G) and bulk modulus (K) were calculated using a Young’s 

modulus (E) of 4 GPa and a Poisson’s ratio (υ) of 0.25 [8]. 

 

Table 3: Smeared properties for MDF in MAT13 model 

 

 

 

1 Since MDF has very limited ductility, the ultimate tensile strength from [37] was used. 

 

 

 

 

Density (kg/m3) a (GPa) B (GPa) R1 

1601 609.77 12.95 4.5 

R2 ω D (m/s) PCJ (GPa) 

1.4 0.25 8193 28 

Nominal density 

(kg/m3) 

Shear modulus 

(GPa) 

SIGY1  

(MPa) 

Bulk modulus 

(GPa) 

780 1.6 18 2.67 
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3.2.3 Results 

Simulations were run for a 30 mm diameter, 10g PE4 disk detonation. An initial model was constructed using 

a 1.4 mm thick GLARE panel from Langdon et al [30] to validate the blast loading part of the model against 

the global impulse transfer measured in their experiments. The advantage of using reference [30] was that the 

geometry of the panel (except the thickness) and the blast tube were identical to the proposed MDF experiments. 

The simulation predicted an impulse of 22.3 Ns, compared to the 25.5 Ns measurement, a variation of 12.5%. 

Given the preliminary nature of the model, this was considered acceptable. Next, the same detonation was 

simulated but using a nominally 16 mm thick MDF panel. The run was terminated after 550 µs, which was 

sufficient time for the blast load and structural response to develop.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Simulation results showing blast development and panel damage (16 mm thick MDF panel, 10g 

charge detonation) 

 

The development of the explosion and the panel damage, at selected time intervals, are shown in Figure 9. The 

detonation and blast wave development within the blast tube occurred during the first 50 µs (prior to impinging 

upon the panel). By 150 µs, many elements were deleted as the strain exceeded 0.5%, indicating that cracking 

within the panel would occur in reality. For the remainder of the simulation, increasing numbers of elements 

were deleted, denoting extensive cracking failure, with explosion products passing through a breech in the panel 

after 300 µs. The permanent displacement (18 mm, just over one plate thickness) predicted by the simulation 
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was somewhat meaningless due to the extensive damage. The simulations showed that a charge mass of 10g 

was too high, so the charge mass range was determined to be 2g to 6g PE4 based on the smallest quantity that 

could be reasonably detonated in the blast chamber using an electrical detonator.  

 

3.3 Blast test measurements 

The blast tube was mounted onto a horizontal pendulum with a single degree of freedom. The impulse was 

obtained by tracking the motion of the pendulum using a laser displacement sensor. Transient displacement 

across the mid-line of the panels was determined for two of the experiments using high-speed imaging 

equipment, shown in Figure 10. Two high-speed monochrome IDT NRS4 cameras, filming at 30 kfps, were 

mounted inside a modified pendulum and used to record the rear panel surface. Each camera was focused on 

the central strip through the middle of the test plate. Additional LED lights, covered by a diffuser, provided 

sufficient lighting to achieve good images for a 31 µs exposure time. The cameras were triggered using an 

aluminium foil break-wire circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Photograph showing the high-speed camera system inside the modified pendulum 

 

Prior to testing, the rear surface of the MDF panels was painted with a black and white speckle pattern, shown 

in Figure 11. The dotted yellow indicates the mid-line of the panel while the cross indicates the centre. Once 

the panel was mounted, the system was calibrated by recording approximately 8-10 images of a checkerboard 

calibration target at different positions (using both cameras) and processing the images in the DIC software 

using the pinhole model. The projection parameter of the entire system and additional distortion parameters 

were calculated. All analyses were performed using a subset size of 19 x 19 pixels and a grid spacing of 2 pixels, 
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similar to large deformation measurements captured using high speed stereovision system and DIC by others 

[40-42]. After testing, DIC was used to extract the displacement-time history of the mid-point and the evolution 

of the deformed mid-line profile at discrete times.  Further details regarding the camera system and the DIC 

processing are available in Curry and Langdon [42]. After each test, the front and back surfaces of the target 

plates were visually inspected and photographed. Surface cracks were traced out and measured, then the panels 

were sectioned along the mid-line. Microscopy was used to elucidate the failure within the cross-section at 

higher magnifications when required. 

 

 

 

 

 

Figure 11: Photograph of a typical rear surface speckle pattern on the mid-line of the MDF panel (regions in 

red are within the clamp frame) 

 

4.  Results and discussion 

Nine blast tests were performed at charge masses between 2g and 6g, including repeated tests at 3g, as shown 

in the results summary in Table 4. Two of the experiments using the high-speed imaging system to obtain 

transient responses. The charge diameter was reduced to 20 mm for most of the experiments; this was shown 

not to influence the impulse generated (identical impulses were generated by tests with 3.5g PE4 for the two 

diameters), but it allowed for smaller explosive charge detonations. There was an increase in impulse with 

increasing charge mass, as expected. 

 

 Table 4: Summary of blast test results 

Specimen Name Thickness (mm) Charge mass (g) Charge diameter (mm) Impulse (Ns) 

MDF-3.1 16.2 2 20 10.4 

MDF-3.2 16.2 3 20 14.1 

MDF-6 16.2 3 20 11.5 

MDF-7 16.1 3 20 11.8 

MDF-2 16.1 3.5 30 17.2 

MDF-4 16.1 3.5 20 17.2 

MDF-8 16.2 4 20 15.7 

MDF-5 16.1 4.5 20 19.5 

MDF-1 16.1 6 30 20 
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4.1 Transient response 

The transient behaviours of two panels, from a test at 3g (MDF-7) and 4g (MDF-8) were successfully captured 

using the camera system and DIC analysis. For charge masses above 4g, extensive cracking in the panel meant 

the camera system was unable to record useful information. The mid-point displacement-time histories for the 

3g and 4g tests are shown in Figure 12. At 3g (11.8 Ns impulse) the displacement peaked at 6.6 mm after 1.0 

msec, and then rebounded to a minimum displacement of -4.3mm (that is, in the direction towards the 

detonation position), due to the elasticity of the material. The peak displacement was 4-5 times the permanent 

displacement measured post-test (approximately 1.5 mm). Several post-peak displacement oscillations were 

captured between 2 msec and 10 msec, from which a peak-to-peak damped period of oscillation was found to 

be approximately 2.9 msec. The deformed panel profiles for a 3g test is shown in Figure 13a. The transient 

mid-line profile is dome-shaped for all time intervals, with only the magnitude and direction varying through 

the oscillatory response. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Graph showing experimentally determine transient mid-point displacement-time histories 

 

For the 4g test (MDF-8, 15.7 Nm impulse), the peak displacement exceeds 11 mm after 1.1 msec but there is a 

break in the displacement-time history until a time of 1.7 msec. Stills taken from the camera footage show that 

a crack had developed on the rear surface of the panel after 1.1 msec, shown in Figure 14. The transient mid-

line profiles, shown in Figure 13b, show a dome-shaped profile in the early part of the response (labelled 1) 

that becomes more conical-shaped after cracking, indicated by the straightened sides of the deformed profile 

(curves labelled 2 and 3). The crack creates a discontinuity in displacement in the panel centre. Hence, the 

“break” shown in Figure 12 is due to the crack that caused a discontinuity in the speckle pattern (meaning that 



15 
 

an accurate peak displacement could not be measured). Upon rebound, the crack appeared to close and DIC 

software was able to track the speckle pattern movement thereafter, the crack is still present in the subsequent 

deformed profiles (the slight ripple in Figure 13 at a time of 1.42 msec, for example). The post-peak 

displacement oscillated with a longer peak-to-peak duration of approximately 4.2 msec, indicating that the 

cracking and/or internal damage caused a loss of stiffness in the MDF. The peak displacement (above 11 mm) 

is more than four times the maximum permanent displacement (approximately 2.5 mm).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Deformed panel profiles at discrete times during the response obtained from DIC analysis, where 

the cross indicates the panel centre and the triangles indicate the direction of motion (a) test MDF-7, 3g (b) 

test MDF-8, 4g showing effect of cracking on transient plate profile 
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Figure 14: Stills taken from camera footage, showing crack development after 1 msec in MDF-8 (4g) 

 

4.2 Surface damage 

Views of the front and back surfaces of selected blast-tested panels are shown in Figure 15, with images ordered 

by increasing impulse (charge mass range 3-6g) from left to right. The front surfaces are discoloured by the 

residue from the blast products (the blackened areas) and not from charring of the MDF.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Photographs of the front and back surfaces of selected panels 
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Cracks on the panel surfaces were measured during post-test inspection, and traced in red on digitised images, 

as shown in Figure 16. Multiple cracks on the rear surface of all the panels are visible, clustered around the 

central region of the exposed area. Similar cracking is present on the front surface of MDF-5 (4.5g, 19.5 Ns); 

for this test, the cracking extended to the boundary on both sides and appeared circular in the central region of 

the front surface. The length of the cracks increased with charge mass (although not precisely a linear trend) 

but there was no particular trend in the cracking pattern. 

Test panel MDF-1 was completely breeched at 20 Ns (6g), shown in Figure 17, with cracking, delamination 

and fragmentation evident throughout the panel. The mass lost was approximately 180 g (more than 1/3 of the 

mass of the panel region exposed to the loading) for panel MDF-1 due to this fragmentation. These results have 

implications for blast protection. Although MDF is a commonly used construction material, it offered little 

protection in the event of an explosive detonation. However, the MDF fragmentation process could lead to 

secondary blast injuries [43]. In other words, during explosion events, flying debris causes blunt force and 

penetrating trauma [44]. Fragments from MDF furniture in buildings in “real-life” explosions could result in 

additional injuries to people nearby.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 16: Cracking patterns on the front and rear surfaces of the blast-tested panels (shown in red) 
 

 

 

 

 

 

 

 

 

Figure 17: Photographs showing the fragmentation of panel MDF-1 (6g, 20 Ns) 
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4.3 Cross-section damage 

In-plane cracking failures were observed within the cross-sections of all the tested panels, running along the 

entire mid-line. The cracks in panels tested at the lowest charge mass were found in the less densified core. It 

appeared that in-plane cracks initiate in weaker (lower density) regions of the cross-section, as might be 

expected. As the charge mass increased, the number of in-plane cracks increased until the outer few millimetres 

of the rear surface began to delaminate from the rest of the panel (for example, MDF-5, 4.5g, in Figure 18). 

Microscope images shown in Figure 19 show magnified views of the cracking. The in-plane cracking separates 

layers of fibres, seen in Figure 19a. A top view of the crack, Figure 19b, shows a clean break, with very few 

fibres disturbed by the layer separation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18: Photographs of panel cross-sections (in order of increasing charge mass, from bottom to top, with 

panels arranged so that the front surfaces were on the bottom) 
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(a)                                                  (b)                                              

Figure 19: Microscope images of fracture surfaces (a) cracking through the panel thickness (b) top surface 

view of a crack 

 

Concluding comments 

The transient and response of MDF panels subjected to air-blast loading was investigated through a series of 

small-scale, carefully controlled explosive detonation experiments. MDF exhibited extremely poor blast 

resistance and very brittle response, consistent with its relatively low quasi-static strength and ductility. Panels 

exhibited multiple surface cracks and in-plane cross-section cracks at low explosive charge masses.  Transient 

response measurements showed the panels has peak displacements of up to five times their final displacement, 

and that cracking damage within the panel caused a reduction in its stiffness (evidence from examining the 

post-peak elastic oscillation period). Crack initiation also affected the deformed shaped of the panel; as a crack 

opened, the deformed profile changed from a dome-shape to something more conical and then reverted to a 

dome upon elastic rebound. At higher charge masses, cracking became more extensive. A panel breech occurred 

at 6g, with more than a third of the exposed mass of the panel fragmenting during the breech.  

These findings should prove useful to those modelling structural response following a blast event, with cracking 

and fragmentation failures being the main failure types that must be included in the material formulation. MDF 

fragmentation should not be disregarded by those modelling damage and injury risks due to the increased 

secondary injury risk from flying debris.  
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