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Abstract 

The use of sheeting materials within the construction industry is becoming increasingly common as 

building materials and the way they are used evolves. Recently, magnesium-based construction boards 

have received more attention as alternatives for traditional sheeting materials. This is due to some of 

their enhanced properties, particularly fire resistance and lower embodied carbon. However, the lack of 

standardised documentation has caused concern regarding their composition, performance and long-

term behaviour. This paper evaluates some of the test methods commonly used when assessing the 

performance of construction boards. A comparison between relatively novel magnesium-based boards 

and traditional boards is also conducted. Physical, mechanical and durability properties are investigated. 

Magnesium-based boards can provide relatively good bending strength values and water absorption 

behaviour which is comparable with other board types. Findings also demonstrate good performance 

for magnesium-based boards when exposed to soak-dry and freeze-thaw cycles. They suffered 

relatively small changes in bending strength, similar to that of fibre cement boards and superior to that 

of gypsum plasterboard and wood-based boards.  

 

Keywords: MgO boards; magnesium oxychloride cement; water absorption; gypsum plasterboard; 

durability 

 

1. Introduction 

The demand within the construction industry for sheeting materials or construction boards is huge and 

continues to grow. This is due to several factors including the wide range of applications for which 

boards can be used. They can serve a variety of internal and external functions including sheathing, 

wall/ceiling linings, render carrier systems and prefabricated wall systems [1–3]. Construction boards 

are also well suited to off-site construction methods, which are becoming increasingly more common. 

This allows for faster, less expensive and more environmentally friendly construction compared to 

traditional on-site methods [4–6]. 
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In recent years magnesium cement based boards have become more widely used replacing traditional 

board types such as fibre or calcium silicate cement, gypsum plasterboards and wood-based boards. 

They are produced from a combination of magnesium cement binder, lightweight fillers (such as wood 

fibre and perlite) and reinforcing glass fibre mesh on their outer surface. One of their main advantages 

is that they possess excellent fire resistance [7–9]. This is because the binder transforms into magnesium 

oxide (MgO) with a very high melting point (approximately 2800 °C) during fire exposure [10]. In 

addition they contain a significant amount of bound water which is released at increased temperatures 

and acts as a fire retardant and smoke suppressant [10]. There are two main types of magnesium cement 

binder commonly used, namely magnesium oxychloride and magnesium oxysulphate. 

 

Reports [11–13] from Denmark have highlighted durability problems associated with the use of 

magnesium oxychloride boards. Specifically, the formation of moisture containing chloride ions on the 

surface of the boards causing mould growth on timber elements and the corrosion of steel fixtures and 

fittings. However, recent studies [2,14] have compared the performance of different magnesium 

oxychloride boards and found that there is a significant difference in performance from one board to 

another. Specifically, when exposed to moisture some boards displayed behaviour similar to that 

observed in Denmark whilst others did not. The better performing boards did not result in any moisture 

formation on their surface after accelerated exposure conditions. The reports from Denmark have driven 

some sectors of the construction industry towards the use of magnesium oxysulphate boards instead, 

mainly because they do not contain significant quantities of chloride ions. However, there is limited 

information in literature on the durability of magnesium oxysulphate boards. Previous studies suggest 

that magnesium oxysulphate cements have lower mechanical properties than that of magnesium 

oxychloride cements and suffer from the same loss of strength upon exposure to water [15–17]. Poor 

resistance to water has therefore hindered the use of magnesium oxychloride and oxysulphate cements 

for mainstream cement and concrete applications [18]. Instead they are more suited to board 

applications as they do not often encounter direct exposure to moisture in-service. In addition many 

other board types such as fibre cement, gypsum plasterboard, plywood and oriented strand board (OSB) 

also have a degree of susceptibility to moisture but are still suitable for board applications [19–26]. 

 

At present, no specific standard documentation exists for magnesium oxychloride or magnesium 

oxysulphate boards. A specific standard does exist for fibre cement type boards [27] which allows 

assessment of fibre cement boards to a specific set of tests. This allows consumers to select fibre cement 

boards with superior performance and reduces the use of poor quality products which in turn diminishes 

the amount of problems in-service. A similar dedicated standard is needed for magnesium type boards. 

This paper assesses the performance of magnesium-based boards and compares their performance with 

traditional board types including fibre cement, gypsum plasterboard and wood-based boards. The most 

appropriate standards were selected for assessment of physical characteristics and durability using 
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guidance from BS EN 12467 [27] and BS EN 323:1992 [28] and BS EN ISO 15148:2002+A1:2016 

[29]. These tests and standard documents were chosen as they are the most relevant existing standard 

test procedures for sheeting materials used in the construction industry. Warm water testing was not 

conducted as it is relevant only to high pH cements with soluble reinforcement [30–32]. The relevant 

tests and standards that were used are summarized in Table 1 below. 

 

Table 1 Test and relevant standards used for assessment of magnesium-based boards 

Category Test Test standard 

Physical and 

mechanical 
properties 

Apparent density Conducted using guidance from BS EN 323:1992 
Bending strength Conducted using guidance from BS EN 12467 

Water absorption Conducted using guidance from BS EN ISO 

15148:2002+A1:2016 

Durability 
Soak-dry Conducted using guidance from BS EN 12467 
Freeze-thaw Conducted using guidance from BS EN 12467 

 Moisture movement Conducted using guidance from BS EN 12467 

 

The development of a Publicly Available Specification (PAS) standard document (PAS 670:2021) for 

magnesium-based construction boards under The British Standards Institution (BSI) was initiated in 

May 2020 in conjunction with the magnesium oxide building board trade association (MOBBTA). 

 

2. Experimental methods 

2.1 Board samples 

Five board types were obtained for analysis and comparison: magnesium oxychloride (MC), 

magnesium oxysulphate (MS), fibre cement (FC), gypsum plasterboard (GP) and wood-based (WB). 

Furthermore, two samples of each board type, obtained from different manufacturers, were selected for 

investigation. The fibre cement boards used may also be described as calcium silicate cement boards. 

As this is an investigative study exploring the properties of industrial products, the exact proportions of 

raw materials used in each board is not known. Each of the boards are available in the UK market and 

are identified in Table 2 by code and type. Their nominal thickness and density, which was obtained 

according to BS EN 323:1992 [28], is also provided. The two MC boards were selected from a previous 

study [14] that assessed the variability of magnesium oxychloride boards within the market. Within the 

previous study these boards, MC1 and MC2, were referred to as boards A and D, respectively. 
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Table 2 Thickness and density of ten construction board samples 

Board code Type Nominal thickness (mm) Density (kg/m3) 

MC1 
Magnesium oxychloride 

9.0 1092 

MC2 9.0 993 

MS1 
Magnesium oxysulphate 

12.0 1077 
MS2 9.0 1063 

FC1 
Fibre cement 

12.0 1295 

FC2 9.0 1453 

GP1 
Gypsum plasterboard 

12.0 814 
GP2 12.0 700 

WB1 
Wood-based 

OSB 12.0 634 

WB2 Plywood 11.0 556 

 

Fig. 1 shows photographs of the top surface and cross-section of each board. The MC and MS boards 

are white in colour due to the white colour of magnesium oxychloride and magnesium oxysulphate 

cement. They also contain perlite which is white in colour. Brown wood fibres are also visible in the 

cross-section of each magnesium-based board, particularly MC2 an MS2. The MC and MS boards also 

have layers of fibre glass mesh just below the top and bottom surface of each board. The FC boards 

appear yellowish/light brown and are more homogenous when comparing the appearance of their cross-

section. They typically contain cement, limestone, cellulose fibres and fillers including mica and kaolin 

[33]. Original fibre cement technology involved the use of asbestos but has since been replaced with 

cellulose due to health and safety concerns with asbestos [34]. The ingredients in current fibre cement 

boards is similar to the ingredients found in boards often described as calcium silicate cement boards 

[35–37]. The gypsum plaster boards have layers of paper on either side of gypsum cement. The back 

layer is brown in colour while the front layer of paper is coloured to signify the type and specific use. 

GP1 is pink and designed for fire protection, GP2 is green and designed for use in humid environments. 

WB1 is a type of orientated strand board (OSB) which is designed for use in humid environments. It is 

produced from softwood flakes and strips which are coated with adhesive and pressed together in 

specific orientations. WB2 is a softwood plywood which is composed of seven thin layers of wood 

which are glued together. 
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Fig. 1. Photos of the top surface and cross-section of each board. 

 

2.2 Testing procedures 

2.2.1 Mineralogical composition   

The composition of each board was examined by X-ray diffraction (XRD). XRD was carried out with 

a PANalytical X’Pert PRO MPD diffractometer, using CuKα radiation of wavelength 1.54Å. The 

mineralogy of the various samples was ascertained by using X’Pert Highscore Plus software in 

conjunction with the Powder Diffraction File database. Diffraction patterns were obtained between 5 

and 65° 2θ with a step size of 0.02° 2θ. XRD was carried out on powdered samples of each board with 

a particle size ≤ 63 µm. 

 

2.2.2 Physical and mechanical properties 

The modulus of rupture, or bending strength, of each board was obtained using guidance from the 

method described in BS EN 12467:2012+A2:2018 [27]. Three rectangular specimens measuring 200 x 

50 mm were cut from both the longitudinal and transverse directions and stored in ambient laboratory 

conditions for more than 7 days prior to testing. A three-point bending test was conducted with a span 

of 150 mm and a loading rate of 10 mm/min. The average of all 6 samples was then calculated to obtain 

the bending strength for each board.  

 

MC1 MS2MS1 WB2WB1GP1 GP2MC2 FC2FC1
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The water absorption coefficient was obtained according to the partial immersion procedure given in 

BS EN ISO 15148:2002+A1:2016 [29]. Three samples measuring 100 x 100 mm were tested for each 

board. The outside edge of each sample was coated was epoxy paint to prevent any water ingression 

from the sides of the sample. The samples were then conditioned under test conditions (23 ± 2 °C and 

50 ± 5% relative humidity (RH) until two consecutive mass readings 24 h apart were stabilised to within 

1% of the samples mass. The initial mass was then recorded and the samples placed with their top face 

down in contact with water as shown in Fig. 2. After intervals of 5 min, 20 min, 1 h, 2 h, 4 h, 8h, 24 h 

and 48 h, the samples were removed from the water, the surfaces gently dried and the mass recorded. 

The samples were then returned to the water until the subsequent measurement. The water level in the 

container was also maintained. A graph of the change in mass over surface area is plotted against the 

square root of time and the water absorption coefficient calculated according to the guidance in BS EN 

ISO 15148:2002+A1:2016 [29]. 

 

 
Fig. 2. Schematic diagram of setup for water absorption test. 

 

2.2.3 Durability performance 

The durability performance of each board was assessed in general accordance with three procedures 

described in BS EN12467 [27] as soak-dry, freeze-thaw and moisture movement. 

 

For the soak-dry and freeze-thaw tests, samples measuring 200 x 50 mm were used. Three samples were 

tested from both the longitudinal and transverse direction of each board. A three-point bending test was 

conducted with a span of 150 mm and a loading rate of 10 mm/min. The average of all six samples was 

then calculated to obtain the bending strength. Control or reference bending strengths for each board 

were obtained by immersing samples in water for 24 h. Then following exposure to soak-dry and freeze-

thaw cycles the bending strength was measured for comparison with the control samples. The soak-dry 

test involved immersion of samples in water (20 ± 4 °C) for 18 h followed by drying in a ventilated 

oven at 60 °C for 6 h. This was repeated for 25 cycles. When breaks between cycles were necessary, 

the samples were kept in immersed conditions for up to 72 h. Samples were immersed in separate 

containers according to their type (MC, MS, FC, GP and WB). During the freeze-thaw test the samples 
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were subjected to cycles of cooling and heating. They were cooled in a climate chamber at a temperature 

of -20 °C for 2 h followed by heating in a water bath at a temperature of 20 ± 4 °C for at least 3 h. A 

total of 25 cycles were carried out. When breaks between cycles were necessary, the samples were kept 

in immersed conditions for up to 72 h. Samples were immersed in separate containers according to their 

type (MC, MS, FC, GP and WB). The mass and thickness of each board was also recorded before and 

after exposure. 

 

The linear moisture movement of each board was obtained in general accordance with BS EN 

12467:2012+A2:2018 [27]. One sample from each direction of each board was tested and the average 

calculated. The size of samples used was 250 x 75 mm. Each sample had two demec datum discs fixed 

to its surface 200 mm apart. The samples were conditioned at 23 °C and 30% RH until they reached 

constant mass. At this point the distance between the two discs was measured using a demountable 

mechanical strain gauge. The RH was then increased to 90% for 22 weeks and the distance between the 

two discs measured again. The linear moisture movement was then calculated as a percentage change 

between the two readings. 

 

3. Results and discussion 

3.1 Mineralogical composition 

Fig. 3 shows the XRD patterns of each board. Each pair of boards within each board type display very 

similar patterns. The main product found in the magnesium oxychloride boards (MC1 and MC2) is five-

phase magnesium chloride hydroxide hydrate (5Mg(OH)2∙MgCl2∙8H2O). Other phases of this type may 

also be formed in magnesium oxychloride cements depending on the curing temperature and molar 

ratios employed [38–41]. However, the five-phase identified in these two boards has been reported as 

the preferable phase for structural applications due its mechanical properties [42]. Other products 

identified in the two magnesium oxychloride boards are brucite (Mg(OH)2), magnesite (MgCO3), and 

quartz (SiO2). Brucite is likely formed due to hydration of unreacted MgO. Magnesite could be present 

due to incomplete calcination of raw magnesite or carbonation of unreacted MgO. There are also likely 

small quantities of periclase (MgO), dolomite (CaMg(CO3)2), calcite (CaCO3) and talc 

(Mg3Si4O10(OH)2) present as identified in a previous publication [14]. The main component of the 

magnesium oxysulphate boards is magnesium oxysulphate hydrate (5Mg(OH)2∙MgSO4∙7H2O), termed 

5-1-7 [10]. These boards also contain, brucite, magnesite, calcite and quartz. The fibre cement boards 

(FC1 and FC2) are dominated by the presence of quartz. They also contain calcite and tobermorite 

(Ca5Si16(OH)2∙4H2O). FC2 appears to have less tobermorite and more calcite than FC1. Tobermorite is 

desirable as it provides low density and good thermal insulation properties. Its formation is dependent 

on the autoclave curing temperature and duration [37,43]. The gypsum plasterboards (GP1 and GP2) as 

expected contain an abundance of gypsum (CaSO4∙2H2O). The wood-based boards (WB1 and WB2), 
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due to their high organic content, are X-ray amorphous as exhibited by the broad humps located between 

10 and 30° 2θ [44]. 

 

 
Fig. 3. XRD pattern of each board. 
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3.2 Physical and mechanical properties 

Fig. 4 shows the modulus of rupture or bending strength for each board. These samples were tested in 

a dry condition following storage in ambient laboratory conditions. The dashed lines represent the five 

strength classes given in BS EN 12467 [27]. The average deflection for each board at rupture is provided 

in Table 3. The wood-based boards displayed the largest bending strength values: 37.8 and 24.0 MPa 

for the plywood and OSB respectively. These boards also had the largest variability as shown by the 

error bars. They also had an increased deflection at rupture compared with most of the other boards. 

MC1 had a modulus of rupture of 23.0 MPa. The fibre cement boards had almost identical values of 

17.7 and 17.6 MPa for FC1 and FC2, respectively. The other three magnesium-based boards had similar 

modulus of rupture values of 11.7, 10.7 and 9.2 MPa for MS2, MS1 and MC2, respectively. The 

increased strength observed for MC1 compared with MC2 could be due to the apparent increase in 5-

phase content according to XRD (Fig. 3). The smallest values were obtained for the gypsum 

plasterboards; 5.0 and 4.5 for GP1 and GP2, respectively. The MC and MS boards have layers of glass 

fibre mesh just below their top and bottom surface which likely contribute to their strength achieved. 

Whereas FC boards typically have embedded cellulose fibres which contribute to their strength. These 

findings demonstrate that magnesium-based construction boards can provide strength values better or 

equal to fibre cement and gypsum plasterboards.  

 

 
Fig. 4. Bending strength for each board. 
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Fig. 5 shows the extent of water absorption by partial immersion, plotted as the change of mass against 

the square root of time as recommended in BS EN ISO 15148 [29]. The fibre cement boards had the 

largest change in mass, followed by the magnesium-based boards which were quite variable from one 

to another. MC1, the gypsum plasterboards and wood-based boards appeared to absorb the least 

moisture. The uptake of moisture was slow and steady for the gypsum plasterboards and WB1 (OSB). 

 

 
Fig. 5. Water absorption by partial immersion – change in mass over surface area against square root 

of time. 

 

According to the classification in BS EN ISO 15148 [29], the graph for each sample will be type A or 

B and the water absorption coefficient (Aw) is calculated accordingly. The classification and water 

absorption coefficient values for each board are shown in Table 3. The smallest water absorption 

coefficient values were obtained by GP1, GP2 and WB1 (0.0011 - 0.0014 kg/m2·s0.5) followed by WB2, 

MC1 and MS1 (0.0025 - 0.0052 kg/m2·s0.5). MC2 and MS2 had significantly larger water absorption 

coefficient values of 0.0132 and 0.0136 kg/m2·s0.5, respectively. Finally, the largest water absorption 

was obtained by the fibre cement boards (0.0156 and 0.0154 kg/m2·s0.5). This could be related to the 

high water absorption of cellulose fibres used in this board type [23]. The paper surface on the gypsum 

plasterboards appears effective at limiting water absorption. Likewise, the glue bonding the wood pieces 

appears to help slow the rate of water uptake in WB1. However, it is worth noting that for the gypsum 

plasterboards and wood-based boards the uptake of moisture was still increasing steadily at the end of 

the test. Whereas for some of the other boards the change in mass has ceased indicating no further 

moisture was being absorbed. These findings indicate the magnesium-based boards have performance 
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which is somewhere between that of the gypsum plasterboards/wood-based boards and the fibre cement 

boards. 

 

Table 3 Water absorption by partial immersion and deflection at rupture for each board 

Board Type ∆m’
tf ∆m’

0 tf Aw  Deflection at 
rupture (mm) 

MC1 A 0.683 0.21 28800 0.0028  4.60 

MC2 A 2.259 0.02 28800 0.0132  1.26 

MS1 A 1.669 0.13 86400 0.0052  1.55 
MS2 A 1.921 0.29 14400 0.0136  2.28 

FC1 A 2.825 0.18 28800 0.0156  1.52 

FC2 A 2.829 0.21 28800 0.0154  1.78 
GP1 A 0.391 0.021 86400 0.0013  2.98 

GP2 A 0.336 0.018 86400 0.0011  3.00 

WB1 A 0.417 0.015 86400 0.0014  4.48 
WB2 A 0.913 0.17 86400 0.0025  7.36 

 

3.3 Durability performance 

Fig. 6 shows photographs of each board following exposure to soak-dry and freeze-thaw. They can be 

compared with photographs of the unexposed samples shown in Fig. 1. The samples exposed to soak-

dry appear relatively unchanged. Some damage can be noted to the paper on the surface of GP1 and 

GP2. WB1 and WB2 appear black in colour, this is likely due to the leaching of chemicals during 

immersion in water as the water became very dark in colour. Following exposure to freeze-thaw the 

paper has been removed from GP1, leaving behind a rough surface. The GP1 samples were too weak 

to test, as they broke upon handling. The samples of GP2 were broken during the freeze-thaw cycles, 

mostly between cycles 15 and 20.  

 

 
Fig. 6. Photographs of each board after exposure to soak-dry and freeze-thaw. 

Soak-dry

25 cycles

Freeze-thaw

25 cycles

MS2 FC1 FC2 WB2GP1 GP2 WB1MS1MC2MC1
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Table 4 shows the mass, thickness and bending strength change of each board following exposure to 

soak-dry and freeze-thaw. The mass of each board increased significantly because they were dry before 

exposure and subsequently took up moisture during the various exposure conditions. The magnesium 

oxychloride, magnesium oxysulphate and fibre cement boards all gained between 17 and 37% mass 

during exposure to soak-dry and freeze-thaw. The largest increase in mass was observed for the wood-

based boards with a gain of more than 100% observed in some circumstances. This is likely due to the 

thickness changes and swelling observed for WB1 and WB2 resulting in a larger sample volume to 

contain moisture. Fig. 7 shows a photograph of a swollen WB1 sample following 25 soak-dry cycles. 

The thickness change for each of the other boards was relatively small (≤ 1.3%). 

 

Table 4 Mass,thickness and bending strength change (%) of each board following exposure to soak-

dry and freeze-thaw. 

 Sample 

Mass change (%) Thickness change (%) Bending strength change (%) 

Soak-dry Freeze-thaw Soak-dry Freeze-thaw Soak-dry Freeze-thaw 

MC1 22 36 -0.1 -0.3 6 6 

MC2 26 37 -0.2 -0.3 -4 8 

MS1 17 19 -0.3 -0.3 -7 2 

MS2 23 31 -0.4 0.7 -2 -13 

FC1 30 34 -0.1 0.2 7 4 

FC2 22 26 0.0 1.0 -2 -11 

GP1 44 - 1.3 - -36 - 

GP2 53 - 0.1 - -52 - 

WB1 114 134 38.0 39.2 -40 -21 

WB2 74 102 5.1 5.6 -9 -52 

 

 
Fig. 7. Photograph of swollen WB1 (OSB) following 25 soak-dry cycles. Unexposed sample also 
shown for comparison. 

 

Fig. 8 shows the bending strength of each board following exposure to soak-dry and freeze-thaw. The 

bending strength of control samples stored in water for 24 h is also shown for comparison. The bending 

strength change (%) is shown in Table 4. After exposure to soak-dry and freeze-thaw no significant 

change was observed for the magnesium oxychloride (MC1 and MC2), magnesium oxysulphate (MS1 
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and MS2) and fibre cement (FC1 and FC2) boards. Each of these boards attained bending strength 

values similar to that of the control samples with changes ≤ 8% in most cases which was generally 

within the range of experimental variation shown by the error bars in Fig. 8. MS2 and FC2 had slightly 

larger strength losses of 13 and 11%, respectively. It was not possible to obtain the bending strength of 

the gypsum plasterboard samples after freeze-thaw cycles as they were too badly damaged and 

weakened. After exposure to soak-dry cycles they had bending strengths of less than 0.5 MPa, which 

equated to bending strength losses of 36 and 52% for GP1 and GP2, respectively. The wood-based 

boards suffered considerable bending strength losses in each exposure condition. Most of these were 

likely due to the expansion caused by uptake of moisture and freezing of water allowing weakening of 

the bond between wood layers (plywood) and pieces (OSB). Fig. 9 shows a photograph of WB2 

(plywood) which had two outside layers partially delaminated after 25 freeze-thaw cycles. 

 

 
Fig. 8. Bending strength of each board following exposure to soak-dry and freeze-thaw. Bending 
strength of control samples stored in water for 24 h are also shown for comparison. 
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Fig. 9. Photograph of WB2 (plywood) following 25 freeze-thaw cycles. Unexposed sample also 

shown for comparison. 

 

Fig. 10 displays the linear moisture movement for each board. The smallest moisture movements of 

0.04% was observed for the gypsum plasterboards. The magnesium oxychloride boards also performed 

well with only 0.07 and 0.05% moisture movement observed for MC1 and MC2, respectively. This 

good performance is likely related to the ability of these boards to resist transformation of five-phase to 

other phases during exposure to high RH [14]. The fibre cement boards had moisture movement values 

of 0.09 and 0.07% for FC1 and FC2, respectively. This is likely due to the presence of cellulose fibres 

which make fibre cement boards susceptible to dimensional instability when they become moist [45,46]. 

Significantly larger moisture movement values were observed for the magnesium oxysulphate boards, 

0.18 and 0.15% for MS1 and MS2, respectively. The wood-based boards also endured significant 

moisture movements of 0.14 and 0.16% for WB1 and WB2, respectively. Moisture movement is a key 

parameter for construction boards as it is indicative of length change or expansion following changes 

in RH. Significant expansion of construction boards can cause significant damage including the failure 

of fixtures/fittings and the delamination of render.  
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Fig. 10. Moisture movement (%) for each board after 22 weeks exposure to 90% RH. 

 

This research highlights that magnesium-based construction boards have many properties which are 

comparable or better than traditional board types. In terms of bending strength, they all had increased 

strength compared with gypsum plasterboards. MC1 had bending strength within the highest class (5) 

listed in BS EN 12467 [27], while the other magnesium based boards were within classes 2 and 3. The 

fibre cement boards were within class 4 and the wood-based boards within class 5. The water absorption 

results for the magnesium-based boards were within the range of the other board types. This suggests 

the water absorption properties of magnesium-based boards are acceptable for use in the construction 

industry, as the other board types are all widely accepted as suitable for use. 

 

In terms of durability the magnesium-based boards displayed good resistance to soak-dry and freeze-

thaw tests. Visually, limited change was observed compared with the gypsum plasterboard’s which 

suffered damage to their paper surface and the wood-based boards which underwent significant 

swelling. Significantly, less than 8% change in strength was observed after both soak-dry and freeze-

thaw cycles for the magnesium-based boards. The only exception being MS2 which lost 13% of its 

bending strength following freeze-thaw cycles. The moisture movement test demonstrated less 

favourable behaviour for the magnesium sulphate boards. They underwent movement or expansion in 

the region of 0.15 and 0.18%, similar to the wood-based boards. On the other hand, the magnesium 

oxychloride boards only had moisture movement values of 0.07 and 0.05%. This suggests the 
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magnesium oxychloride boards are more resistant to high levels of humidity than magnesium sulphate 

boards. 

 

As previously mentioned, reports from Denmark have highlighted problems associated with 

magnesium-based boards in-service [11–13]. A previous study [14] has found that there is significant 

variation from one magnesium oxychloride board to another. Furthermore, the better performing boards 

provide significantly enhanced resistance to the type of failure observed in Denmark. This study has 

compared magnesium-based boards with widely accepted board types, (i.e. fibre cement, gypsum 

plasterboard and wood-based boards) used in the construction industry. As discussed above 

performance for magnesium-based boards, particularly magnesium oxychloride boards was often 

superior than for its counterparts. Therefore, magnesium-based boards appear a suitable material for 

use in the construction industry. 

 

4. Conclusions 

This study compared the performance of relatively novel magnesium oxychloride and oxysulphate 

construction boards against traditional board types including fibre cement, gypsum plasterboard and 

wood-based boards. The comparisons were made using existing standard test procedures for FC type 

boards in the first instance due to the absence of suitable test procedures for MC and MS boards.  The 

following has been concluded: 

• The bending strength and water absorption properties of the magnesium oxychloride and 

oxysulphate boards are comparable with fibre cement, gypsum plasterboards and wood-based 

boards. 

• Magnesium oxychloride and oxysulphate boards performed better than gypsum plasterboard 

and wood-based boards during exposure to soak-dry and freeze-thaw cycles. The gypsum 

plasterboards suffered damage to their paper surface and became significantly weakened. 

Specifically, no strength was recorded after soak-dry cycles and they lost 36 and 52% after 

freeze-thaw cycles. The wood-based boards underwent significant swelling, delamination and 

loss of strength (between 9 and 52%). The performance of the magnesium-based boards was 

similar to that of the fibre cement boards with strength losses ≤ 13% observed. 

• Magnesium oxychloride boards displayed good performance (0.07 and 0.05%) in the moisture 

movement test suggesting good resistance to expansion. On the other hand, the magnesium 

oxysulphate boards underwent a significantly larger expansion (0.18 and 0.15%). This is likely 

related to the stability of reaction products when exposed to high RH. The magnesium 

oxychloride boards also performed better than the fibre cement boards (0.10 and 0.09%) which 

appeared more susceptible to expansion, likely due to presence of cellulose fibres and their 

associated dimensional instability in the presence of moisture. 
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This study has highlighted that the performance of magnesium oxychloride and oxysulphate boards is 

often superior or comparable to that of fibre cement, gypsum plasterboards and wood-based boards. In 

particular the magnesium oxychloride boards displayed good performance when exposed to high RH.  
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