Advances in Control, Chemical Engineering, Civil Engineering and Mechanical Engineering

Time dependence of mechanical properties of
specimens made from “grey gypsum”
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sound insulation properties. The theoretical water-gypsum

Abstract— The paper present monitoring of mechanicatatio necessary for the hydration of calcium sulphate
properties of grey calcined gypsum. The samples of dimension 4h&mihydrate into calcium sulphate dihydrate is 0.187.
40 x 160 mm were made from this material and put in laboratopyqditional water, in a so-called over-stoicheiometric quantity,

conditions (relatively humidity 50 % and temperature 20 °C . .
Material properties, especially Young's Modulus, strength and cre 3, necessary for the processing of the hardening gypsum paste.

were measured in different time instants during hardening of gypsﬁgpending on the value of the water-gypsum ratio, the gypsum

samples. At end of paper, the time evaluation of grey calciné® made from a gypsum paste by pressing, vibrating or casting
gypsum mechanical properties is presented and discussed. [2].

The purity of gypsum binder corresponds with a relationship
between different phases of calcium sulphate-water system; it
Keywords—  Calcined gypsum, mechanical propertiesmeans a proportion between anhydrite, hemihydrate and
destructive methods, creep of gypsum, shrinkage. dihydrate of calcium suplphate and impurities which contains
every gypsum binder [3].
. INTRODUCTION The process of solid structure evolution relates with
Hydration is basic process how made from gypsum (calciuRardening of gypsum paste. As basic mechanical properties for
sulphate hemihydrate Ca$@H,0) to hardened gypsum characterization of gypsum properties are usually used
(calcium sulphate dihydrate Ca$@H,0). Hydration, it is compressive and bending strength, other mechanical gypsum
typical effect for hydraulic binders. During this processproperties, as Young’s Modulus, are tested less often [4]. The
hydration heat is generated and a volume increasesstrength characteristics correspond mainly with physical
expansion. Hydration is set off after mixing water withproperties of hardened gypsum as total open porosity,

gypsum. arrangement of gypsum crystals, and type of used gypsum
The process of gypsum hydration and setting relies @jinder [5]. On the other hand, properties of gypsum depend on

multiple factors: conditions where the hardened gypsum is placed. Temperature

- the temperature during preparing of the gypsum  paste,and moisture (relative humidity but especially a liquid water

- the water-gypsum ratio, content) prejudice mechanical properties of gypsum. In a first

- the method of gypsum mixing, phase of gypsum hydration, time dependence is observed.

- the mixing intensity and time, Hurmanic and Roggendorf [6] made comparisons between

- the fineness of grinding, natural gypsum and flue gas desupfurization gypsum. They

- the purity of gypsum binder [1]. also compared their mechanical and physical properties:

The water-gypsum ratio has an influence on the basiardness by Vickers, abrasive power, abrasive effect,
physical characteristics of hardened gypsum, such as démpressive strength, the size and distribution of pores. These
volume density, total open porosity and other relate@sults showed that the artificially produced material had better
characteristics like its moisture, mechanical, thermal angharacteristics than the natural material. More research

projects of this type were carried out with the main objective
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(tensile bending strength and compressive strength) on gypsunthe compressive strength was tested on six sample halves,
wallboard. Singh and Garg [12] measured compressiobtained after the bending test, which was finished at first. The
strength in relation to pH values of gypsum. In the area emples were placed between two steel plates (with
gypsum applied by dentists, Li et at. carry on experiments wittimensions 40x50 mm) in such a way that the lateral edges,
cold pressing of gypsum (300 MPa for a time of 10 minuteghich adjoined the longitudinal mould walls during the sample
and successive placement of samples in a water environmpreparation, would be situated on the plate planes. This
for one hour). The samples treated in this way reached strengghtricted the effect of the geometry imperfections on the bar
values three times higher than the reference samples. surface, which had been cut off. The test itself was made in
From presented results is visible clear that the mechanicaimpliance with the corresponding standard procedukes.
characteristics (above all strength) of gypsum after itgpical output of a compressive test is stress-strain diagram.
hydration rely on the above-mentioned conditions applied In second case cylindrical specimens are used for creep
during the development of its own solid structure, but also dests. Measurement of creep or shrinkage of homogenous
the successive placement of the unit (for example, timeaterial is accompanying by limitations in size of specimens.
difference between a placement in a water environment andTihe length of specimens for testing cement paste creep is
the air etc. depended on the size of gauges. By the optoelectronic probe is
The strength values of hardened gypsum significantfyossible achieved good results of measuring the creep.
depend on the water-gypsum ratio, which commonly takes tlptoelectronic probes are used for measuring of deformation
value for pouring in the interval of 0.6 to 0.8. for their high sensitivity on the change of deformation. Their
Current standards as Czech stand2®iN 72 23 01 Gypsum sensitivity is 0.2um.
binders — Classification, general technical specifications andCylindrical specimens are made into the plastic moulds.
test methods (1979) specify tested compressive strength aftengths of specimen made in the moulds are between 90 and
two hours (after gypsum was added into water) [6]. 100 mm. Specimens with length 70mm are cut from origin
One of the important properties of hardened gypsum idemgth, for tests in creep (Fig. 1). Diameter of all specimens in
fact, that it is possible take out a gypsum samples from ttree moulds is 16nm. Area for application of load is T8n¥.
mould twenty minutes after mixing the gypsum with water. Strength of hardened gypsum is influenced by type of
After this time, the gypsum sample (with standardized normgtound gypsum, fineness of grinding, additives, etc.
consistence and without admixtures) is self-supporting; it is The same specimens are used for the creep tests and
able to be manipulated and loaded. compression.
After two hours (standard time), the compressive strength of
the gypsum samples is approximately 1/5 of maxim{
compressive strength, which is developed after 2
respectively 14, days after mixing. Time 28 days i
standardized for current building materials as plaster, cemé
or concrete. The laboratory conditions with relative humidit]
50 % and temperature 20 °C are standard. In these conditig
gypsum samples are placed [6]. From conditions of a sam|
deposit, it is clear that the weight of the samples will decline
time. Question is how moisture affects the strengf
characteristics of gypsum samples during first days.
Destructive methods, as their name predicates,
possible to be applied on tested specimens only once. M
problem is too many numbers of samples for a description
one problem, e.g. determination of compressive strength @
moisture content of samples. A second problem is time, time-

consuming preparation before and during own measurements, . .
(71, [8]. All specimens for creep tests were placed before testing in

ordinary laboratory environment, where temperature was
20 °C and relative humidity 50 %.

Fig. 1: Specimens prepared for creep tests.

[I. DESTRUCTIVEMETHODSAND PREPARINGOF
SPECIMENS

The following characteristics were determined using
consequently described destructive methods:

- bending strength

- compressive strength

- Young’s Modulus

[ll. INSTRUMENTATIONOFTHETESTS

Measuring of the material properties [3] was realized in the
MTS Alliance RT 30 tensile testing machine, with scale

30 kN. The three-point bending test was realized with distance
of the supports 120 mm (Fig. 2). The signals like a time, load,
and deformation of whole specimen were recorded to the PC.
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The tensile bending strength was calculated using thén compression tests were checked of the material properties
standard evaluation procedure as the average of thfégardened gypsum.

values. Distance supports, load, dimensions of cross-

section are necessary parameters for evaluati
procedure.

Fig.3: Lever mechanism — device for testing creep of homogenous
materials.

The Modulus of Elasticity and compression strength was
computed from data of measuring. Young’'s Modulus of

) ) Elasticity was calculated like a secant, linking the start and
For evaluation of the compression test was necessary recoiflie at stress-strain curve which correspond to the 1/3 of the

to the PC signals like a load and strain. Rate of test Wafength.
defined before its realization. From signals were calculated g, measuring of strain was used one extensometer applied

values of compression strength, which corresponded with ting s rface of cylindrical specimen, with measurement length
of testing. Goal of measuring was in observe of theg .

compression strength evolution.
Stress, which was calculated from load and loading area and IV. DESTRUCTIVEMETHODS- RESULTS
measured strain were signals used for determining stress-strain
diagram. From working diagram was calculated Young’ﬁqei
Modulus of Elasticity.
Lever mechanism (Fig. 3) [13], equipment for cree%ﬁv

measuring and shrinkage of homogenous materials was ug%%tmg)' three specimens were tested in measuring equipment.

Fig. 2: Specimen in three points bend test.

Firstly, specimens were tested froftd the &' month of
r hardening by destructive methods. At first, the specimens
ere tested in three point bend test. In all sets (the moment of

for gray gypsum, too. Stationary load is applied to th ompression tests were realized by using the fragments from

specimen. A size of the applied load depends on the weight 0efnd tests. In Fig. 4 are displayed the results from three-point
plumb and location of plumb at the lever. The measuring QFnd tests.

deformation is realized by three optoelectronic probes. The
length of deformation is whole length of specimen what i Tension strength - evolution
placed into the lever mechanism. By the gauges are measu
axial deformations. The average deformation is calculatg
after termination of measuring.

In executed experiments were used specimens with diame
10 mm. The applied loads were approximately 74N for firg
sets of specimens. Second one set of specimens was loade
force 116 N. Force 74N corresponds with weight of equipmet
above the specimen. The loading at specimens were const]
for whole period measuring, which was 37days.

Specimens were firstly placed into the lever mechanism ar
after their placing were systems loaded by plumbs. Measurit 01 1 10 100 1000
the deformation was start after specimen placing into the lev Time (days)
mechanism. The plumbs were taken off before finishing or
measuring, like is possible see in Fig 5 (unloading parts of
graphs). After then, all specimens were taken out of lever
mechanisms and prepared for compression tests.
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Fig.4: Tension strength and its evolution in time.

In the graph is possible see decreasing trend during the first
3 days. Tension strength is quickly increased betw&eans
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14" days. After 1% day are values of tensile strength steady ¢
values from 3.6 MPa to 4.1 MPa. A rapid increasing trend (
tensile strength is interesting compare with evolution of weigh
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of prism specimens (Fig. 5).

Evolution of specimen weight

0,45

0,4

0,35

o
w

0,25

o
N

Weight (kg)

0,15

0,1

0,05

0,1

10
Time (days)

100

1000

realized.

Fig.5: Evolution of specimen weight in time.
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Fig.6: Compression strength and its evolution in time.

V. CREEPTESTS-RESULTS

Second set of specimens was tested in lever mechanisms

[14].

For testing was used one set, which included 6

. . specimens. Three specimens were loaded by weight of part of

Between § and 13? days specimens quickly dry Out|ever mechanism. Next three specimens were loaded by
Tension and compression strength are increasing (Fig. 6) in B]mes, placed on the lever. All specimens were 14 days old
compression and tension testing. Strengths are supplemerigsteeded in laboratory condition at temperature 20 °C and
by standard deviation of sets of data. Measurement in tim&atively humidity 50 %. Specimens were covered by plastic
lhour and 30minutes after mixing water and gypsum was NREap before start of creep test.

Table 1l describe deformations from testing of creep and
shrinkage. Data are displayed fof"3¥ay after start of tests.

At next graphs displayed the evolutions of specimen’s
deformation in time (Fig. 7).

TESTING

Time | Compression Standard | Tension Standard Grey gypsum, No. 1shrinkage
(days) | strength deviation | strength deviation

(MPa) (MPa) @
0.041 | 3.02 0.526 1.81 0.101 . [l
0.0625 | 3.65 0.088 - - _— ,
0.125 | 3.01 0.052 | 161 0.122 S b Y/
0.25 2.31 0.348 1.43 0.085 € 1] I S
0.375 | 2.21 0.042 1.32 0.030 g
1 1.86 0225 | 117 0.040 £ o1
2 1.94 0.141 1.12 0.044 ¢
3 2.63 0.103 1.42 0.128 ’
4 2.18 0.065 1.13 0.057 ’ 10 15 20 2 % e 10
7 3.47 0.752 1.51 0.109 Time (6259
14 9.42 0.321 4.07 0.449
180 9.62 0.685 3.58 0.354

Compression strength was steadied between 9.42 MPa and
9.62 MPa in age from f4to 184" day. From ¥ day
compression strength steeply increased to 9.42 MPa"at 14
day. Compression strength decreased in first days like tension
strength (Fig. 5 and Fig. 6).
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Grey gypsum, No. 2, shrinkage
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Grey gypsum, No. 6, creep
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Fig.7: Creep of gray gypsum specimens.

Evolution of temperature
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Fig.8: Temperature during the creep test.

In the graphs is viewable trend of increasing the specimen
deformation. Rate of increased deformation is steady dfter 4
day. For higher loaded specimens (No. 4 — 6) was increasing
of deformation faster, than for specimens loaded only by
weight of lever. In case exclusion of specimen No.6, difference
between deformations first and second set is onign3Table

11).

Temperature in laboratory was between 19 and 20 °C. But
in Fig. 8 are possible see deviations from steady value of
temperature. Temperature deviations were influencing factor

for deviations of deformations (Fig. 7).

TABLE Il
DEFORMATION OF SPECIMENS AFTER 37 DAYS

Deformation
(nm)
14.7
17.0
15.9
17,5
19,2
12.4

Specimen

oUW IN|F
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[14] P. Padedt, “Measuring of Creep of Cement Paste Specimen”,
Proceedings of the™ WSEAS International Conference on Applied
Mathematics, Simulation, Modeling (ASM'0®thens, Greece, 2009,
VI. CONCLUSIONS bp. 33-39.
From the results of the static tests, it results that values of

mechanical properties of the gypsum started to increase
especially after four days of hardening and they stabilized after
14 days. Important influence to the hardening of gypsum is

included in saturation of mature gypsum. Paper describes the
case when moisture of specimens was non-regulated. Amount
of evaporated water was not controlled. Part of water was used
to chemical reaction of the gypsum and the second part was
evaporated from the material. Process of evaporation of water
from hardened gypsum is viewable from Figure 4, 5 and 6.

Water leaves the specimen in time and the strength of the
material slowly increases to the expected value of the strength
of the material.

Compression strength of mature gypsum is approximately

2.5 times higher than strength in bending tension. Trend of
relation between strengths is visible during the hardening of

gypsum.
Gypsum increases the deformation under constant loading

almost linearly. Creep of dry gypsum is measurable and its
values are relatively low. Sensitivity of gypsum on changes of
temperature is visible from results of creep tests.

REFERENCES

[1] V. Satava, “Strength and microstructure of cast gypsubetamics —
Silicates Vol. 40, No. 2, 1996. pp. 72-76.

[2] F. Wirsching, “Drying and Agglomeration of Flue Gas Gypsum, (ed.
Kuntze, R., A)", The Chemistry and Technology of Gypsum
Philadelphia: American Society for Testing and Materidl884, pp.
161-174.

[3] M. Singh, “Role of Phosphorgypsum Impurities on Strength and
Microstructure of Selenite Plaster’Construction and Building
Materials, Vol. 19, 2005, pp. 480-486.

[4] C.J.R. Verbeek, B. J. G. W. du Plessis, “Density and Flexural Strength
of Phosphorgypsum-polymer Composite€gnstruction and Building
Materials, 19, 2005, pp. 265-274.

[5] M. Singh, M. Garg, “Relationship between Mechanical Properties and
Porosity of Water-resistant Gypsum Binde€ement and Concrete
Research2, 1996, pp. 449-456.

[6] M. Hurmanic, H. Roggendorf, ,Charakterisierung von Rauchgas-und
Natur-Rohgipsen“Zement-Kalk-Gipsl1, 1990, pp. 550-556.

[71 M. M. Radwan, M. Heikal, “Hydration Characteristics of Trikalcium
Aluminate phase in Mixes Containingf-hemihydrate and
Phosphorgypsum”,Cement and Concrete Researct2, 2005, pp.
1601-1608.

[8] D. Klein, C. von Ruffer, “Grundlagen zur Herstellung von Formengips®,
Keramische Zeitschrifd9, 1997, pp. 275-281.

[9] A. Ghozh, A. Samdi, Moussa et al, “Lightened Plaster — Based
Composite Materials"Elaboration and Mechanical Propertie, Silicat
Industry; vol.66, 5-6, 2001, pp. 61-66.

[10] E. Tazawa, “Effect of Self-Stress on Flexural Strength of Gypsum-
Polymer Composites”Advanced Cement Based Materjals 1998, pp.
1-7.

[11] R. F. Acker, “Physical Testing of Gypsum Board per ASTM C 473",.
The Chemistry and Technology of Gypsurhjladelphia: American
Society for Testing and Materials, 1984, pp. 3-21.

[12] M. Singh, M. Garg, “Retarding Action of Various Chemicals on Setting
and Hardening Characteristics of Gypsum Plaster at Different pH”,
Cement and Concrete Resear2fi, 1997, pp. 947-950.

[13] P. Padett, P. Bittnar, “Measurement of Creep of the Cemesst&
SpecimenActa Mechanica Slovaka 3/99p. 133-136.

ISBN: 978-960-474-251-6 200





