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Abstract: 
 

Gypsum is a mineral belonging to the group of sulfates, i.e., sulfuric acid, which 

is often found in Earth's crust. In this paper, two main types of gypsum, gypsum 

α and gypsum β, with different water content were prepared. Samples with and 

without polypropylene fibers, with different fiber content and different fiber 

lengths during preparation, produced in a gypsum factory located in the Debar 

region, North Macedonia, were studied. Physical properties such as density, 

porosity, water absorption capability and their kinetics, packing factor, 

hardening and others were examined using different methods. The main goal of 

this paper was the determination of mechanical properties of gypsum such as the 

compressive and flexure strength and the module of elasticity of the gypsum 

prisms. For the determination of elastic properties, the nondestructive method of 

ultrasound testing was used. In this test, the strength and quality of a prism is 

assessed by measuring the velocity of an ultrasonic pulse passing through a 

gypsum structure. This test is conducted by passing a pulse of ultrasonic wave 

through a prism and by measuring the time taken by the pulse to get through the 

structure. Higher velocities indicate good quality and continuity of the material, 

while slower velocities may indicate gypsum with many cracks or voids. The 

comparison of the obtained results from these two types of gypsum shows 

different mechanical and other physical properties. 

  
 

1. Introduction 
 

Gypsum is a mineral belonging to the group of 

sulfates, i.e., sulfuric acid, which is often found in 

the earth's crust. The gypsum chemical name is 

calcium sulfate dihydrate (CaSO4 × 2H2O). In this 

paper, two main types hemihydrates, hemihydrate α 

and β, with three different water contents during 

preparation, were prepared and studied in the shape 

of prisms. The hemihydrate (HH) is a crystalline 

hydrate containing one molecule of water for every 

two molecules of the compound in question. 

These hemihydrates are reinforced to see if the 

properties of the gypsum change, aiming to obtain a 

much stronger material than gypsum itself. The 

polypropylene fibers used to reinforce the gypsum 

were 4,6,8 mm long and 18 micrometers thick. The 

mass of fibers used is 0.5 %, 1 % and 1.5 % fibers 

of the mass of gypsum.[1][2][3] 

 Gypsum panels and blocks represent a good 

economical method for the manufacture' of 

partitions and walls, since the raw material cost as 

well as the labor cost are cheap, besides the ease of 

decoration. Their main drawbacks are the high-

water permeability and their poor mechanical 

strength. In the present paper, polypropylene (PP) 

fibers were blended with plaster in an attempt to 

improve the properties of these products. It was 

found that the addition of PP fibers reduces the 
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porosity, decreases the setting time and enhances 

the mechanical strength.  
 

2. Method 

Measurements were performed with prisms whose 

dimensions were 40 mm × 40 mm × 160 mm. The 

prisms without fibers are constructed by mixing 

grinded gypsum who is calcined and turned into a 

hemihydrate, the grinded gypsum and a percentage 

of water, 40% for α and 60% for β hemihydrate, are 

mixed together to form a homogeneous mass. For 

the samples that are reinforced with polypropylene 

fibers, the same mass if formed, with the same 

water factor, but now a percentage of fibers is 

going to be mixed into the mass. The percentage 

used is 0.5, 1 and 1.5% fibers of the mass of the 

gypsum. After the homogeneous mass is formed a 

mold in the same dimensions are filled with it, it is 

left to harden for 30 minutes, then the samples are 

ready to get out of the mold and to be left to dry for 

24 hours in 40 °C.The samples dried for 24 hours 

are tested in flexure, compression, ultrasound pulse 

velocity test, porosity etc.  

Flexing:the method of placing the prism on three 

supporting points distanced equally from the center 

of the prism and the bending is going to occur on 

the center of the prism by pressing it until the prism 

reaches the maximal breaking point. The speed 

used is 0.5 m/s. The unit of the force needed to 

break the prisms is in kN, while its tension in the 

scale of MPa or in N/mm2. 

Compression:presents the method of placing the 

prism between two parallel plates and pressing it 

with a force until it brakes. The unit of force for 

breaking the prism is in kN, and the tension needed 

for breaking the prisms has values in MPa or 

N/mm2. 

The porosity:done when the prisms are completely 

dry, they are placed in a container with water 

covering completely the prismsfor 60 minutes, after 

they are removed, the water from the surface gets 

dried. The mass of each prism is taken. With the 

masses of the dry and the wet prisms it can be 

determined the porosity by using equation 1 

 

𝑃 =
𝑉𝑝

𝑉
∙ 100% =

(𝑚𝑑−𝑚𝑤) 𝜌⁄

𝑉
∙ 100%  (1) 

 

Ultrasound pulse velocity test: In this test, the 

strength and quality of a prism is assessed by 

measuring the velocity of anultrasonic pulse 

passing through a gypsum structure. This test is 

conducted by passing a pulse of ultrasonic wave 

through prism to be tested and measuring the time 

taken by pulse to get through the structure. Higher 

velocities indicate good quality and continuity of 

the material, while slower velocities may indicate 

gypsum with many cracks or voids. Through this 

test the modulus of elasticity is determined using 

equation 2 [4][5] 

 

𝐸 = 𝑣2 ∙ 𝜌   (2) 

 

3. Results 

From the experiments that were performed, the 

results were quite unexpectable. The porosity 

results obtained with the samples that contain 0%  

and 1% fibres that are 8 mm long, tested in both 

hemihydrates (HH) with three different water 

factors for both of them.  

Table 1. Change in porosity for the samples with and 

without fibers 

HH Wf 0% fibers 1% fibers 

α 

0.40 22.64 22.65 

0.425 24.02 24.03 

0.45 25.87 25.87 

β 

0.60 32.82 33.03 

0.625 33.29 33.24 

0.65 34.81 34.81 

 

As it can be seen, the porosity doesn’t change even 

though fibres are added in the mixture (Table 1). 

That means that the gypsum can be used again in 

the same places as before, without absorbing more 

water, without loosing its function and purpose.   

By the results in Table 2, it can be said that the 

longitudinal module of elasticity changes as we add 

fibres, but not uniformly. As the fibre percentage 

increases, most of the sample modules decrease, 

except for β HH which marks 7.05 GPa when 1.5% 

fibers are added. It can be seen clearly that when 

we want to increase the module of elasticity, it is 

worth to use fibers that are 6 mm long.  As for the 

mechanical behavior, when different percentage 

and different lengths of fibers are added into the 

mixture, the maximum breaking points change 

randomly, depending on what fiber works better in 

a certain HH, or what length resists better in flexure 

and compression. The maximum breaking point in 

flexure, it increases when 1.5% fibers 8 mm long 

are mixed in both α and β hemihydrates. In 

compression things change, because it is seen that 

for α HH, 4 mm fibers work better, as for β, 6 mm 

fibers create a better reinforcement, which mixture 

doesn’t decrease the maximum breaking point. 

Even though, as it is seen in the tables 3 and 4, the 

maximum breaking point decreases when fibers are 

added into the mixture, the graph in Figure 1 shows 

that the sample gets destroyed after it reaches the 

maximum breaking point, as for the samples that 
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have fibers in their content (Figure 2), it cracks 

after it reaches the maximum breaking point, but it 

doesn’t get destroyed, it needs for about 25 MPa 

more to detach the fiber connection. [6] 

 

4. Conclusion 

Based on the abovementioned results it can be 

concluded that even though the maximum breaking 

point decreases when fibres are added into the 

mixture, the gypsum get reinforced in a strong way 

even with a small amount of fibres in short lengths. 

These fibres can help to build much stronger 

constructions, by using gypsum, which is a very  

 

 

 

 

  

 

 

 

 

 
 

Figure 1. The sample without fibbers 

 
economical and cheap solution. Adding fibres 

in the mixture won’t even change the cost, 

because even PP fibres are cheap, it will cost 

$10 for preparing 1 ton of prefabricated 

reinforced gypsum. 

 

 

 

 

 

 

 

 

Table 2. Longitudinal module of elasticity for samples with and without fibres 

 
α HH, Wf=0.40 (GPa) β HH, Wf=0.60 (GPa) 

%of fibers 4 mm 6 mm 8 mm 4 mm 6 mm 8 mm 

0% fibers 13.85 13.85 13.85 6.95 6.95 6.95 

0.5% fibers 12.23 12.75 13.75 6.45 6.99 6.55 

1% fibers 11.79 13.15 12.65 6.80 6.77 6.62 

1.5% fibers 10.93 12.56 13.06 6.83 7.05 6.32 

Table 3. Maximum breaking point in flexure for samples with and without fibers 

 
α HH, Wf=0.40 (MPa) β HH, Wf=0.60 (MPa) 

% of fibers 4 mm 6 mm 8 mm 4 mm 6 mm 8 mm 

0% fibers 9.31 9.31 9.31 5.36 5.36 5.36 

0.5% fibers 1.68 7.77 5.26 3.56 0.95 4.23 

1% fibers 1.67 6.96 6.49 3.76 0.97 5.51 

1.5% fibers 1.95 7.27 10.38 2.92 1.16 6.95 

Table 4. Maximum breaking point in compression for samples with and without fibers 

 
α HH, Wf=0.40 (MPa) β HH, Wf=0.60 (MPa) 

% of fibers 4 mm 6 mm 8 mm 4 mm 6 mm 8 mm 

0% fibers 30.33 30.33 30.33 13.63 13.63 13.63 

0.5% fibers 29.67 26.48 27.35 11.29 12.97 12.01 

1% fibers 27.71 26.22 23.01 10.79 12.77 10.79 

1.5% fibers 24.76 23.91 24.10 9.12 12.80 9.95 
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Figure 2. The sample with fibers 
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