Biodeterioration of gypsum pineapple fibre composites subjected to accelerated humid and fungal ageing
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S.1. Historical, Technical and Environmental Context of Fibre-Reinforced Plaster in Heritage Buildings
Fibre-reinforced plaster has played an important role in the history of construction techniques since its adoption in the 19ᵗʰ century as a lightweight and ornamental material for false ceilings and decorative elements in architecturally significant buildings [1,2]. Its use relies on traditional attachment systems, consisting of fibre bundles embedded in plaster and securely anchored to wooden or steel structures [3,4]. This technique was widely implemented in numerous edifices, including theatres, hotels, community halls, and historic residences [5]. Several events have highlighted the vulnerability of such structures, notably the partial collapse of the Apollo Theatre in 2013, which injured 88 spectators [6,7], as well as other failures reported at the Savoy Theatre and in various heritage buildings [8]. Moisture-related phenomena constitute one of the main factors of deterioration observed in these constructions. Capillary rise, condensation, and water infiltration [2,9,10] create hygrometric imbalances that promote mould growth and biological degradation, particularly when relative humidity exceeds 70 % [8]. General descriptions of these mechanisms, together with examples of biodeterioration illustrated in Figure 1 which show sources of moisture in domestic buildings and their effects on false ceilings provide a broader context for understanding these processes, independent of the specific case study.
Table S.1. Mixture proportions with different fibre dosages and sample designation
	Formulation
	
	Factor 1 :
	Factor 2 :
	
	Volume fraction of plaster (%)

	Ref.
	Coding
	
	 : Exposure duration (Months)
	 : Volume fraction (vol%)
	
	

	1. 
	G0
	
	0
	0
	
	100

	2. 
	GP1
	
	0
	1
	
	99

	3. 
	GP1.35
	
	0
	1,35
	
	98,65

	4. 
	GP2
	
	0
	2
	
	98

	5. 
	1G0
	
	1
	0
	
	100

	6. 
	1GP1
	
	1
	1
	
	99

	7. 
	1GP1.35
	
	1
	1,35
	
	98,5

	8. 
	1GP2
	
	1
	2
	
	98

	9. 
	3G0
	
	3
	0
	
	100

	10. 
	3GP1
	
	3
	1
	
	99

	11. 
	3GP1.35
	
	3
	1,35
	
	98,5

	12. 
	3GP2
	
	3
	2
	
	98

	13. 
	6G0
	
	6
	0
	
	100

	14. 
	6GP1
	
	6
	1
	
	99

	15. 
	6GP1.35
	
	6
	1,35
	
	98,5

	16. 
	6GP2
	
	6
	2
	
	98


Note: Each sample was coded to indicate the exposure duration, the material type (G for gypsum, P for pineapple fibre), and the fibre percentage, with the addition of the letters HR or CH to specify the type of conditioning (humid or fungal).
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Figure S.1. Exposure device for gypsum composites at a relative humidity of 91% at 26°C: (a) saturated hermetic tank, and (b) 2D diagram of the experimental device.
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Figure S.2. Principle of (a) thickness measurement using a digital calliper and (b) three-point bending test of the composites.
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[bookmark: _Hlk215329111]Figure S.3.  FTIR spectra of pineapple fibre (AC), unreinforced gypsum (6G0-HR and 6G0-CH), and gypsum reinforced with 1 vol% pineapple fibres (6GP1-HR and 6GP1-CH). The AC spectrum shows characteristic bands of lignocellulosic components [11–14], including cellulose, hemicelluloses, and pectins. The gypsum samples exhibit typical peaks of calcium sulfate dihydrate, notably the sulfate group bands at 670 and 1106 cm-1 [15]. The introduction of fibres attenuates the bands at 1021 and 1741 cm-1, confirming the incorporation of lignocellulosic compounds into the matrix. Exposure to humidity (6G0-HR, 6GP1-HR) enhances the bands associated with water absorption, particularly around 1616 and 3480 cm-1, a phenomenon amplified by the hydrophilic groups of the fibres. Under fungal conditioning (6G0-CH, 6GP1-CH), the most pronounced changes occur in the 1600-1750 cm-1 region, with signatures attributed to polysaccharide degradation and microbial oxidation, notably near 1678 cm⁻¹. These spectra demonstrate the impact of humidity and fungal development on the chemical evolution of the composite, as well as the increased sensitivity of reinforced systems, particularly in the 1020-1750 cm-1 range and above 2900 cm-1, without gypsum transformation.
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Figure S.4.  Optical micrographs showing the fracture zone in the (x, z) and (x, y) planes of Ananas comosus-gypsum composites.


Table S.2. ANOVA analysis parameters ( 95%) for the different models used to predict the physical and mechanical properties of gypsum/pineapple fibre composites.
	Factors
	Mass gain (%)
	Density (kg/m3)
	Volume deformation (%)
	MOR (MPa)
	MOE (MPa)

	Model type
	Design model
	Cubic
	2FI
	Cubic
	Cubic

	 -Exposure time
	0.0009*
	0.0015*
	0.2449
	0.0085*
	0.9540

	-Volume fraction
	0.0180*
	0.8482
	0.1404
	0.0169*
	0.0001*

	- Exposure environment
	< 0.0001*
	< 0.0001*
	< 0.0001*
	< 0.0001*
	[bookmark: _Hlk215402856]0.0006*

	 
	0.2492
	0.9747
	0.0411*
	0.0737
	0.3347

	 
	0.8756
	< 0.0001*
	0.0016*
	0.0001*
	0.0101*

	 
	0.9627
	0.8335
	0.4995
	0.1851
	0.4510

	 
	0.0049*
	< 0.0001*
	0.0048*
	< 0.0001*
	0.0129*

	 
	0.4101
	0.7610
	0.576
	< 0.0001*
	< 0.0001*

	 
	0.0720
	0.8033
	-
	0.9643
	0.8967

	 
	-
	0.8198
	-
	0.2043
	0.7736

	 
	-
	< 0.0001*
	
	0.0098
	0.1635

	 
	-
	0.9028
	-
	0.3598
	0.0056*

	 
	-
	0.8599
	
	0.9014
	0.1000

	 
	-
	< 0.0001*
	-
	< 0.0001*
	0.0069*

	 
	-
	0.8957
	-
	0.0409*
	0.0002*

	Mean
	37.56
	1195.77
	-2.96
	1.62
	714.15

	 (%)
	3.96
	6.04
	22.08
	7.85
	10.25

	Adeq Precision
	61.3718
	15.0766
	14.7422
	22.0516
	16.5359

	 
	0.9982
	0.9677
	0.9121
	0.9739
	0.9353

	Adjusted 
	0.9971
	0.9373
	0.8810
	0.9494
	0.8747

	Predicted 
	0.9918
	0.8831
	0.8368
	0.8895
	0.6980

	Model F-value
	874.90
	31.91
	29.39
	39.79
	15.42

	Model p-value
	< 0.0001*
	< 0.0001*
	< 0.0001*
	< 0.0001*
	< 0.0001*

	[bookmark: _Hlk197795710]Lack-of-Fit p-value
	0.05
	0.75
	0.05
	0.50
	0.07


*significant, : Coefficient of determination, - Coefficient of variation



[image: ]
[bookmark: _Toc198109863]Figure S.5.  3D response surface illustrating changes in the mass gain of gypsum/pineapple fibre composites as a function of fibre volume fraction and conditioning time in humid (RH: a) and fungal (CH: b) environments.
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Figure S.6.  Plot of residuals versus stroke for (a) mass gain, (b) density, (c) volume strain, (d) MOR, (e) MOE and (f) surface hardness of composites.
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Figure S.7.  Predicted values versus experimental values for (a) mass gain, (b) density, (c) volume strain, (d) MOR, (e) MOE and (f) surface hardness of composites.
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