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Abstract: Nowadays the use of gypsum plaster has gained 

momentum due to their economic and eco-friendly nature. The 
objective of this work was to study the influence of expansive 
agent such as CaO and MgO on the properties of the gypsum 
plaster. The effect of expansive agent on the physical, mechanical, 
water absorption and porosity were analyzed. The dimensional 
stability of the plaster with various percentages of Cao and MgO 
were also evaluated. From the results obtained it was confirmed 
that the addition of expansive agent increased the  stability of the 
gypsum plaster to dimensional variation both during early 
hydration periods and also at hardened state without affecting the 
strength of the plaster. 
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I. INTRODUCTION 

Gypsum plasters are now being a material of choice for 

construction due to its efficiency both from the aspects of 
performance and economy [1]. The ease of application, 
outstanding aesthetic appearance and excellent workability 
has made gypsum hold a predominant position as a finishing 
material in the global market. Despite its several advantages 
and enhanced thermal and acoustic performance the usage of 
gypsum plastering has been restricted to indoor applications. 
Swelling and shrinkage are the serious drawbacks of gypsum 
plaster which mitigates the use of gypsum plaster to external 
plastering applications [3, 4]. This occurrence of shrinkage is 
mainly due to the fact that the amount of water added to the 
gypsum plaster is usually higher than that required for the 
hydration of hemihydrate to dihydrate. It is a well established 
fact that the amount of stoichiometric water demand for the 
gypsum formation is 18.6 g per 100g of hemihydrates [6]. 

But the amount of water added to gypsum plaster is 
approximately 0.6 w/w of gypsum plaster in order to meet the 
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required consistency and to obtain the higher workability for 
ease of application. This causes the setting expansion of 
gypsum plaster during the initial stages of the gypsum 
hydration. But as the time progresses the gypsum plaster 
undergo dimensional changes due to the loss of moisture and 
evaporation of excess water used for obtaining plasticity. 

Several research works have been previously done to 
establish the effectiveness of various types of admixtures on 
the rheological and physico-mechanical properties of gypsum 
plaster [10]. The shrinkage reducing agents when added to 
cement and geo-polymeric mortars yielded positive results by 
minimizing the shrinkage effects as well as showed some 
beneficial effects on flexural and compressive strength as per 
previous research works [8]. Keeping this in view, this 
research work has been executed on the similar track so as to 
examine the variation of strength parameters such as 
compression and flexural strength as well as porosity 
characterization with varying percentages of shrinkage 
reducing agents CaO and MgO. The mechanism of shrinkage 
compensating agents commonly known as expansive agents 
can be stated as: 

MgO + H2O → Mg(OH)2    ,    CaO + H2O → Ca(OH)2  
The hydration of MgO and CaO agents forms the final 

product magnesium hydroxide and calcium hydroxide 
respectively. These products formed are usually higher in 
volume than the initial constituents. 

The effects of these expansive agents on properties of 
gypsum plaster have not been studied so far. This research 
work mainly aims at establishing the effect of addition of the 
expansive agents MgO and CaO on the physiological 
properties and does not study the chemical interactions of the 
gypsum plaster with the expansive agents. Moreover, the 
effect of these expansive agents on hardened state properties 
such as mechanical strength, water absorption and drying 
shrinkage characteristics were also investigated. 

II. MATERIALS 

The commercial hemihydrates plaster obtained from the 
local market is used for the study. The analytical grade CaO 
and MgO were chosen as the expansive agents. These 
expansive agents obtained were 98% pure so as to obtain the 
maximum accuracy in the results. 
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III. MIX PROPORTION 

In order to study the effect of expansive agent in the 
gypsum plaster the CaO and MgO were varied from 0.5, 1, 
1.5, 2, 2.5, and 3%.   

These wide variations of expansive agents were done with 
the view to clearly visualize the minute variations in the 
plaster properties. The mixture proportions are shown in table 
1. 

The water/gypsum ratio was maintained constant as 0.5 in 
order to neglect the effect of water gypsum ratio on the 
properties of plaster. The homogeneity in each mix was 
established by thorough mixing of the hemihydrates and the 
expansive agent in the dry state for about 20 seconds and then 
measured quantity of water was poured accompanied by 
continuous stirring so as to avoid the bulking of hemihydrates. 
The gypsum plaster which is unmodified without the addition 
of expansive agent was used as reference mix. 

IV. CASTING AND CURING 

The cubic specimens for compression and water absorption 
tests were cast for every mix and immediately after mixing 
they were poured into steel moulds of size 50 x 50 x 50 mm. 
The prismatic samples of size 160 x 40 x 40 mm were cast for 
dimensional measurements. They were demoulded after 24 
hours maintained at laboratory temperature. The specimens 
were then kept in oven at 40 ± 2⁰C until the constant mass is 
obtained. 

V. METHODOLODY 

A. Experimental methods 

The compressive strength test was performed as per the 
Indian Standard 2542-1978. These values were reported as an 
average of three specimens in order to improve accuracy. 

B. Dimensional variation 

Since there is no standard procedure for measuring 
dimension variations, the measurements were done as per the 
procedures enlisted in the previous research works [7].The 
prismatic samples of size 160 x 40 x 40 mm with various 
percentages of expansive agents were cast to evaluate the 
dimensional changes both during the early stages of hydration 
as well as after the specimen has hardened.  These prismatic 
specimens containing expansive agents were demoulded after 
2 hours and their initial lengths were measured using length 
comparator. The demoulded specimens were then maintained 
in drying conditions at 20 ± 2⁰C and the change in length was 
measured upto 48 days. 

VI. RESULTS AND DISCUSSIONS 

A. Compressive strength variation 

The compressive strength variation of the gypsum plasters 
due to the addition of expansive agents CaO and MgO is 
shown in fig. It can be seen that the mechanical strength of the 
reference plaster was slightly improved with increasing 
percentages of expansive agent. Though the inclusion of 
expansive agents do not cause considerable increase in the 
compression strength these variations are significant because 

the addition of expansive agents have not caused any negative 
results. Thus it can be confirmed that expansive agents do not 
negatively influence the strength parameters of gypsum 
plaster. Moreover it can be further inferred that this strength 
attribution may be due to the chemical interaction of 
expansive agents with the water molecules of the gypsum 
plaster. 

Furthermore the comparison of the two types of expansive 
agents in terms of their compressive strength showed that the 
MgO was more effective than the CaO agent. The maximum 
strength values were obtained at 2% of expansive agent. The 
compressive strength was increased up to 40 % more than the 
reference plaster for CaO and 42% for MgO expansive agent. 

 

 
Fig. 1. Effect of expansive agents on the Compressive 

Strength of gypsum plaster 

B. Dimensional changes 

The dimensional variations of the gypsum plaster with and 
without the addition of expansive agents are shown from fig 
(7 – 10). It can be seen that the variation of dimension was 
very much influenced with increasing concentration of 
expansive agents. The variation of dimension during the early 
stages of hydration of gypsum plaster is always accompanied 
by initial shrinkage due to the loss of free water to be used in 
hydration of hemihydrates to dihydrates. All the later stages of 
hydration when the transformation of the hemihydrates to 
dihydrates has taken place then the swelling behavior sets in 
due to the cohesion and increase vanderwaals force within the 
pores of Gypsum plaster [7]. 
Furthermore after the gypsum plaster has completely set then 
the drying stage begins in which the water added to obtain 
consistency commonly known as over-stoichiometric water 
begins to evaporate which leads to further reduction in 
volume. The expansion agents CaO and MgO played crucial 
role at this drying stage as illustrated in fig 7 and fig 8. It 
shows that the loss of water accompanied by change in 
dimension was higher in the reference plaster compared to 
those with the expansive agents. The shrinkage values were 
much lesser as the days progressed due to the addition of 
expansive agents. This may be due to the expansive forces 
caused by the expansive agents thus loading to minute 
dimensional variation. From the comparison of CaO and 
MgO it was further clear that 
the MgO was much effective 
than CaO. 
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Fig. 2. Dimensional variations at initial stages of 

hydration with CaO expansive agent 

 
Fig. 3. Dimensional variation at initial stages of 

hydration using MgO expansive agent 

 
Fig. 4. Dimensional variation at after hardening using 

CaO expansive agent 

 
Fig. 5.Dimensional variation after hardening using 

MgO expansive agent 

VII. CONCLUSION 

From the results obtained the following conclusions can be 
withdrawn: The use of CaO and MgO as expansive agents has 
been found to be effective in increasing the compressive 
strength of the gypsum plaster. The strength variation was 
much significance when MgO is used as an expansive agent 
rather than CaO. The optimum percentages of these expansive 
agents were found to be 2% by weight of gypsum plaster 

above which caused a slight decrease in mechanical strength. 
The shrinkage values obtained proves that these expansive 
agents have little influence on the early stages of gypsum 
plaster formation whereas the hardened state the minimal 
effect of shrinkage values has been observed due to the effect 
of CaO and MgO. Furthermore this study can be extended for 
studying the chemical interactions of the expansive agents 
with the plaster by microstructure studies and thus 
investigation of the new crystalline phases can be executed. 

The overall conclusion on the basis of the plaster with 
expansive studied in this work, it seemed that CaO and MgO 
can be used effectively to enhance the properties of gypsum 
plaster and also can be used to improve durability. 
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