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Abstract
The cement paste is subjected to various loads throughout a well’s life, which may compromise some of its essential charac-
teristics and impair its performance. When the cement paste is first being formed and the cement’s characteristics have not 
yet fully matured, these loadings take on greater importance. In this study, the early properties of cement used in oil wells 
that contains polypropylene fiber are assessed. Five different curing times were used to prepare ten cement samples (6, 12, 
24, 48, and 72 h). Five samples contained polypropylene fiber, while the remaining five samples were without polypropylene 
fibers. After the samples were prepared, the examination of several early cement properties took place. Nuclear magnetic 
resonance (NMR) was used to describe each sample in order to determine how the curing times affected the cement’s poros-
ity. The findings demonstrated that both cement systems’ compressive and tensile strengths increased with curing time, and 
that adding polypropylene fiber enhanced the cement’s strength. The porosity and permeability of the cement specimens 
were significantly reduced with the incorporation of polypropylene fibers, as well as with time during the curing process 
for both cement samples. The reduction of Young’s modulus and the increase in Poisson’s ratio show that the addition of 
polypropylene fibers also makes the cement more elastic. To express variations in porosity as well as compressive and tensile 
strengths, logarithmic relationships were constructed. While the Poisson’s ratio, Young’s modulus, density variations, and 
permeability were precisely modeled by power-law equations.

Keywords Oil well cement · Cement properties · Curing time · Polypropylene fiber

List of symbols
DV  Density variation (%)
Es  Static Young’s modulus (GPa)
K  Permeability (mD)
ɸ  Porosity (%)
T  Curing time (hours) (MPa)
TS  Tensile strength (MPa)
UCS  Unconfined compressive strength
υ  Poisson ratio

Acronyms
°F  Degree Fahrenheit
µm  Micrometre
API  American petroleum institute
ASTM  American society for testing and materials
BWOC  By weight of cement
CDF  Cumulative distribution function
mD  Millidarcy
MHz  Megahertz
MPa  Megapascal
NMR  Nuclear magnetic resonance
PDF  Pore distribution function
PPF  Polypropylene fiber cement
R2  Correlation coefficients
T2  Relaxation time
XRF  X-ray fluorescence
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Introduction

In the oil and gas industry, when the steel casing is used 
to tolerate the collapse and burst forces, a cement slurry is 
utilized to fill the annulus (Nelson and Guillot 2006). The 
formation of the cement sheath occurs as the slurry pro-
gressively begins to harden. The cement sheath is crucial 
to the well's integrity because it prevents fluid from mov-
ing between distinct formations, provides zonal isolation, 
shields the casing string from corrosion, and supports the 
casing and the drilled zones mechanically. In the worst-
case scenarios, the breakdown of the cement paste could 
result in annulus pressurization, formation fluid migration 
to the surface, and blowout. Formulating a high-perfor-
mance cement paste that guarantees the well’s fundamen-
tal integrity, lowers the hazard of failure from accumulated 
materials formed by the physicochemical process, could 
help to lessen the risk of cement failure (Krakowiak et al. 
2015).

Recently, several researchers evaluated the addition of 
several kinds of fibers such as silicic, organic, wollastonite, 
and monofilament fibers to the cement slurry to raise the 
well's useful life duration, enhance cement performance, and 
reduce costs associated with the cement matrix failures by 
improving the strength and minimizing the circulation loss 
of the cement (Shi et al. 1995; Elmoneim et al. 2000; Ilyas 
et al. 2012; Al Maskary et al. 2014; Iremonger et al. 2015).

One of these fibers is polypropylene which is a synthetic 
fiber that had been used by many researchers to enhance 
the failure parameters (compressive and tensile strength) of 
the soil (Yetimoglu et al. 2005; Tang et al. 2007; Viswa-
nadham et al. 2009) and minimizing its shrinkage (Puppala 
and Musenda 2000; Vasudev 2007). Moreover, polypropyl-
ene fiber had been added to overcome the issue of cement 
brittleness in the concrete industry. In which cementitious 
materials are known to be brittle with less strain capacity 
and tensile strength (Yao et al. 2003; Vandewalle 2007; 
Jamshidi and Karimi 2019; Bentur and Mindess 2020). The 
major mechanism of the polypropylene fiber is by forming 
a mesh network that could mitigate circulation loss of the 
cement as well as reduce the permeability of the cement. 
Polypropylene fiber could also increase the strength and 
durability of the cement. In addition, the shrinkage cracking 
and the propagation of the micro-cracks could be minimized 
(Messier et al. 2002). For the oil and gas industry, several 
studies were published currently regarding the application of 
polypropylene fiber in well cementing to enhance the prop-
erties of Class G cement (Ahmed et al. 2018; Elkatatny et al. 

2020) and improve its carbonation resistance (Mahmoud and 
Elkatatny 2020).

The hydration process causes the cement paste, which 
is a porous substance, to gradually transition from a liquid 
to a solid form. Depending on the well depth, different 
slurries with different compositions may be used during 
the cementing process, and their hydration occurs under 
varying temperatures, pressure, and time circumstances. 
Following the creation of the cement slurry, the qualities 
of the cement paste depend on many factors (Agofack et al. 
2019).

Additionally, the cement paste is subjected to various 
mechanical and thermal loads during an oil well's life, which 
may compromise the cement sheath's structural integrity. 
While the pressure varies throughout the casing test from 10 
to 80 MPa depending on the kind of reservoir, it could reach 
more than 40 MPa when drilling oil wells (Thiercelin et al. 
1997). These loads may cause cracks to occur at the casing 
cement or rock cement interface as a result of the cement 
sheath deforming. This is particularly important when these 
loads are implemented early in the curing process before the 
cement’s mechanical characteristics and strength have fully 
developed. Whereas the majority of causes of well leaks are 
known to be cement shrinkage and early reduction in pore 
pressure (Parcevaux and Sault 1984; Lyomov et al. 1997). 
Nevertheless, only a small number of experimental researches 
were conducted to assess the hydration of the wellbore cement-
ing under harsh conditions and at various curing durations. 
The majority of these studies focused solely on elastic param-
eters like Poisson's ratio and Young’s modulus or mechanical 
properties like compressive and tensile strengths (Reinås et al. 
2011; Mahmoud and Elkatatny 2019). However, the effects on 
porosity and permeability, as well as the variation in cement 
properties with the growth of the early curing times, were not 
evaluated in the previous studies. These properties are cru-
cial, particularly for new cement formulations like the cement 
containing polypropylene fibers that are taken into account in 
this study.

The early age characteristics of the cement paste can be 
investigated using a variety of experimental techniques. Some 
of these techniques concentrate on the reaction rate, while oth-
ers examine the cement's chemical or physical characteristics 
over time (Parrott et al. 1990; Sant et al. 2009). This study 
compares cement made with and without polypropylene fiber 
to see how the properties of the cement matrix changed early 
in the hydration process. During the first 3 days of curing, 
a series of tests were assessed. Nuclear magnetic resonance 
(NMR) was used to analyze all cement samples in order to 
better understand how cement porosity changed over the time 
of curing.
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Experimental program

Materials

Class G cement, polypropylene fiber, and other chemical 
additions that increase cement's characteristics and make 
it useable in a variety of wellbore circumstances make 
up the bulk of the study's components. These additives 
include silica flour, deformers, dispersants, and fluid loss 
agents. The co-authors, who provided extensive informa-
tion on the mechanical, petrophysical, elastic, thermal, 

and microstructure properties, used this Class G cement 
(Mahmoud et al. 2018; Ahmed et al. 2021b, c; Bageri et al. 
2021).

The wet dispersion unit ANALYSETTE 22 Nano Tec plus 
instrument was used to determine the particle size distribu-
tion for the Class G cement powder. According to the find-
ings, the cement's median particle size is 20.9 µm, and 90% 
of cement particles are smaller than 47 µm, as presented in 
Fig. 1.

The X-ray fluorescence (XRF)-derived elemental com-
positions show that class G cement has a high amount of 
calcium and a moderate quantity of silicon of around 72% 
and 12%, respectively, as depicted in Fig. 2.

Fig. 1  Class G cement's distribution of particle sizes

Fig. 2  Class G cement's composition performed by XRF
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The polypropylene fiber utilized in this study is a syn-
thetically modified polypropylene fiber which has a tri-
angular shape as presented in Fig. 3, this shape makes 
the polypropylene fiber to have a larger surface area (Park 
et al. 2003; Liu et al. 2012). Due to the larger surface area, 
polypropylene fiber can speed up the cement’s hydration 
kinetics (Sobolev and Gutiérrez 2005; Thomas et al. 2009). 
By quickly filling the gap between the cement grains with 
hydrated phases, this process induces matrix densification 
and accelerates the improvement of compressive strength 
while reducing cement matrix porosity (Jo et al. 2007).

Slurries preparation

The API standards (API 1997) were used to prepare the 
cement slurries. The neat cement was made up of Class 
G cement, 2.82  10–6% by weight of cement (BWOC) of 
defoamer, 44% BWOC water, 0.7% BWOC fluid loss, 35% 
BWOC silica flour, 0.1% BWOC expandable material, 
and 0.08% BWOC dispersant. The polypropylene-based 
cement slurry was created by adding 0.125% BWOC of 
polypropylene fiber in addition to the additives taken into 
consideration to create the neat slurry. This concentra-
tion of polypropylene fiber was taken into consideration 
in accordance with the recommendation of Elkatatny et al. 
(2020). It should be mentioned that silica flour is usu-
ally used at a temperature of more than 230 °F. However, 
in this work, we used silica four to make sure that both 
cement systems for the base and polypropylene cement 
samples have high compressive strength and tensile 
strength.

Experimental techniques

Following preparation, all of the slurries were put into 
cylindrical and cubical molds in accordance with the 
required tests. The samples were then allowed to cure for 
varying amounts of time-6, 12, 24, 48, and 72 h—in water 
baths filled with distilled water heated to 170 °F. Follow-
ing each curing period, samples of the neat cement and the 
polypropylene-based cement were taken out of the molds 
and put through a number of tests.

Failure tests

To explore the effect of hydration on the strength of 
the polypropylene specimens, compressive and tensile 
strengths were assessed for all specimens following the 
various curing periods. According to the ASTM standard 
(ASTM 2020), cube-shaped cement samples with 2.0-inch 
edges were utilized for the compressive strength test. With 
a cylindrical specimen that was 1.5 inches in diameter and 
0.75 inches thick, the Brazilian test for tensile strength was 
carried out in accordance with (ASTM 2001) standard. 
Every cement sample’s compressive and tensile strength 
was measured on three different specimens at a given cur-
ing period, and the average of those three readings was 
used to determine the cement sample's compressive or 
tensile strength.

Petrophysical tests

To determine how the curing time affected the petrophysical 
characteristics of the polypropylene specimens, the porosity 
and permeability of all the specimens taken into considera-
tion in this work were assessed at the various curing periods. 
For the evaluation of petrophysical parameters, samples with 
dimensions of 1.5 inches in diameter and 1.0 inch in thick-
ness were employed. The automated Porosimeter–Permeam-
eter was used to measure the permeability and porosity.

Nuclear magnetic resonance

The impact of hydration on the pore size distribution and 
porosity variations for the cement specimens made from 
polypropylene was assessed using NMR. On cylindrical 
specimens with a 1.5 inches diameter and 4.0 inches length, 
the relaxation time (T2) was measured using NMR with a 
weak magnetic field to produce easily detectable nuclear 
spin precession. Using a Geospec rock analyzer from Oxford 
Instruments (low magnetic field NMR), the T2 relaxation 
time was measured (2 MHz).

Fig. 3  Shape of the polypropylene fibers



1185Journal of Petroleum Exploration and Production Technology (2023) 13:1181–1196 

1 3

Elasticity test

To determine how the curing period affected the elastic 
properties of all the specimens made from polypropylene, 
the Young’s modulus and Poisson’s ratio were determined. 
Utilizing the scratch test machine's sonic mode, cylindrical 
specimens with a length of 4.0 inches and a diameter of 1.5 
inches were utilized to assess the cement's elastic capabili-
ties. Following that, the ultrasonic velocities were measured 
in order to get the Young's modulus and Poisson's ratio (i.e., 
compressional and shear waves) (Ahmed et al. 2021a).

Density variation

Two portions of cylindrical samples with a 1.5 inches diam-
eter and a 4.0 inches length were separated (bottom and top). 
Each component's weight, area, and length were all meas-
ured in order to estimate its density. The ratio of the density 
difference between the top and bottom of the sample to the 
density at the bottom was then used to calculate the density 
variation throughout the cement samples.

Results and discussion

The influence on the failure parameters

The compressive strengths of cement samples made from 
polypropylene fibers that were tested at various curing dura-
tions are summarized in Fig. 4. The compressive strength of 
the polypropylene and neat specimens rose over the first 48 h 
of curing but did not vary much after that point. At all curing 
durations, the samples with polypropylene fibers have higher 
compressive strengths compared to the base specimens.

The compressive strength of the base and polypropyl-
ene-based samples, as shown in Fig. 4a, is 44.5 MPa and 
52.6 MPa, respectively, after 6 h of hydration. After a brief 
rise in strength, the basic cement's compressive strength 
gradually stabilized at about 51.5 MPa after 48 h. After 48 h 
of curing, the compressive strength of the polypropylene 
specimens likewise rose and stabilized, reaching 60.5 MPa. 
After 2 days of curing, the compressive strength of neither 
cement sample increased noticeably.

In order to establish the optimum mathematical connec-
tion that describes these changes, the variations in compres-
sive strength of polypropylene and base specimens over 
time were examined. This study found that the logarith-
mic relationships of Eqs. (1) and (2), with (R2) of 0.96 and 
0.97, respectively, best represent variations in compressive 
strength for neat and polypropylene specimens as revealed 
in Fig. 4a.

Applying Eqs. (1) and (2) allowed us to track changes in 
both study systems’ compressive strength over the period 
of 28 days, as depicted in Fig. 4b. According to this graph, 
the first week of curing is when both cement systems expe-
rienced the greatest changes in compressive strength. The 
compressive strength of polypropylene and base specimens 
changed very little after the first week, and after 21 days of 
curing, it had almost stabilized.

It is evident from the tensile strength data shown in Fig. 5 
that the results for both systems' compressive and tensile 
strengths are equivalent. The tensile strength of polypro-
pylene and base specimens grew as the early curing time 
increased, and the polypropylene-based cement's tensile 
strength was higher than the base cement's at all curing 
periods.

After 6 and 12 h, the polypropylene specimen' tensile 
strengths were 4.65 and 5.30 MPa, respectively, which were 
greater than the corresponding values for the base cement 
samples' tensile strengths of 4.06 and 4.36 MPa. The ten-
sile strength of the polypropylene and base specimens 
then gradually increased and nearly stabilized after 48 h at 
4.89 MPa for the neat cement and 6.06 MPa for the poly-
propylene specimen, respectively. After 72 h of curing, the 
tensile strengths of the neat and polypropylene specimens 
are 4.96 MPa and 6.25 MPa, respectively.

According to the results of the regression investigation, 
the variation in tensile strength of the neat and polypropyl-
ene specimens could be accurately represented with R2 val-
ues of 0.99 and 0.97, respectively, with the help of logarith-
mic relationships of Eqs. (3) and (4), as illustrated in Fig. 5a.

The plots in Fig. 5b show how Eqs. (3) and (4) were 
applied to study the variations in tensile strength for all the 
specimens during the first 4 weeks of curing. The major-
ity of the growth of the tensile strength of the polypropyl-
ene and base specimens occurred during the first 7 days of 
hydration, after which there was only a minor growth in the 
tensile strength, which tends to be constant after 3 weeks 
for the base specimens and 24 days for the polypropylene 
specimens.

The influence on the petrophysical properties

The results of measuring the permeability of all cement 
specimens are displayed in Fig. 6. These results showed that 

(1)UCSbase = 2.95ln(T) + 39.9

(2)UCSPPF = 3.41ln(T) + 42.0

(3)TSbase = 0.37ln(T) + 3.43

(4)TSPPF = 0.63ln(T) + 3.64
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with increasing curing time, the permeability of neat and 
polypropylene cement specimens reduced. The permeability 
of the polypropylene specimens was, however, lower than 
that of the base cement.

The results in Fig. 6 demonstrate that the permeability 
of the neat specimen was 0.059 mD after six hours of cur-
ing. This permeability rapidly reduced with curing time, and 
the neat specimen was 0.026 mD after 72 of hydration. The 

polypropylene-based cement showed a similar tendency; it 
had a permeability of 0.050 mD after 6 h of curing and was 
rapidly losing permeability throughout the first 24 h of cur-
ing before tending to stabilize at 0.022 mD after curing.

In order to find the optimum mathematical connection to 
reflect these changes, it was also explored how the perme-
ability of the base and polypropylene specimens changed 
with the hydration process. The results demonstrated that 

Fig. 4  Compressive strength for the polypropylene and base specimens at various curing times. a The findings of the compressive strengths dur-
ing early curing times. b The anticipated variations in compressive strength over 4 weeks
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the power relationships of Eqs. (5) and (6), with R2 values 
of 0.992 and 0.997, respectively, best represent the increases 
in permeability for the base and polypropylene specimens, 
as demonstrated in Fig. 6a.

(5)Kbase = 0.107T−0.327

Using Eqs. (5) and (6), the variations in the permeabil-
ity of the base and polypropylene specimens for the first 
4 weeks of curing were then determined, as revealed in 
Fig. 6b. This graph demonstrates how both cement systems' 
permeability significantly decreased within the first week. 
Although at a slower rate than the first week of cure, the 

(6)KPPF = 0.088T−0.325

Fig. 5  Tensile strength for the polypropylene and base specimens at various stages of curing. a The findings of the tensile strength during the 
early curing times. b The anticipated variations in tensile strength over 4 weeks
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permeability continued to decrease until the conclusion of 
week three. The permeability of both samples stabilized 
after 24 days of cure.

Following 6, 12, 24, 48, and 72 h of curing time, Fig. 7 
illustrates the porosity of the cement specimens for the two 
cement systems with and without polypropylene fibers. It 
was evident that as the curing period grew, so did the porosi-
ties of the base and polypropylene systems. For all of the 

applied curing durations, the polypropylene cement's poros-
ity was less than the base cement's porosity.

For the base specimens, the porosity was 15.3% after 
6 h and significantly increased to stabilize at 21.2% after 
48 h of hydration. After 6 h of hydration, the polypropyl-
ene-based samples' porosity was 13.9%; after 2 days of 
curing, it stabilized at 19.2%. The porosity for both sys-
tems did not significantly change, though, and stabilized 

Fig. 6  Permeability for polypropylene and base specimens at various stages of curing. a The findings of the permeability during the early curing 
times. b The anticipated variations in permeability over 4 weeks
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at 21.6% and 19.5% for the base and polypropylene speci-
mens, respectively, after three days of hydration.

Regression analysis revealed that the logarithmic rela-
tionships of Eqs. (7) and (8), with R2 values of 0.97 and 
0.95, respectively, could accurately characterize the varia-
tion in porosity of the base and polypropylene specimens, 
as presented in Fig. 7a.

The variations in porosity for the base and polypro-
pylene specimens over the first 4 weeks of curing were 

(7)∅base = 2.58ln(T) + 11.0

(8)∅PPF = 2.23ln(T) + 10.4

Fig. 7  Porosity for the polypropylene and base specimens at various stages of curing. a The findings of the porosity measurements during the 
early curing times. b The anticipated variations in porosity over 4 weeks
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then plotted using Eqs. (7) and (8), as seen in the plots 
of Fig. 7b. As shown in this figure, both cement systems' 
porosity significantly increased throughout the first seven 
days of hydration as the curing period increased. After 
24 days of hydration, this rate of growth moderated and 
the porosity tended to settle.

NMR characterization

NMR was used to carefully examine how the two cement 
systems' pore size distribution was affected by the curing 
time. Additionally, Fig. 8a for the base cement samples 
and Fig. 8b for the polypropylene cement samples show 

Fig. 8  NMR  T2 relaxation for a neat cement specimens and b polypropylene specimens, after 6, 12, 24, 48, and 72 h of hydration
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the PDF and CDF throughout the entire length of the 
cement specimen (4 inches). The findings demonstrated 
that for both systems, the porosity of the samples rose at a 
decreasing rate as the curing period increased until the end 
of the initial 48 h of curing. For instance, the porosities 
in the base cement samples (Fig. 8a) were 27.4%, 29.7%, 
33.1%, 35.2%, and 35.3%, respectively, at 6, 12, 24, 48, 
and 72 h of curing. The same pattern was seen in cement 

samples made of polypropylene (Fig. 8b), where the poros-
ities were 26.9%, 29.8%, 30.5%, 33.6%, and 34.3% after 
6, 12, 24, 48, and 72 h of curing. Although the values of 
NMR porosities are unlike the porosities attained from 
gas Porosimeter, it can be seen that they follow a similar 
trend in Fig. 7. Here, porosity increases with an increase 
in curing time, and the porosities of polypropylene cement 

Fig. 9  Young’s modulus for polypropylene and base specimens at various stages of curing. a The findings of the Young’s modulus during the 
early curing times. b The anticipated variations in Young’s modulus over 4 weeks
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are lower than the porosity of base cement, despite the fact 
that the measurement methods are different.

The influence on elastic properties

The two most significant elastic properties of solid materi-
als are believed to be Young's modulus and Poisson's ratio. 
When the Young's modulus is low, the cement is more sta-
ble under shear loads, and when the Poisson's ratio is high, 
the cement is less expandable (Fajer et al. 2008). Figure 9 
shows how the hydration time affects the Young's modu-
lus of neat and polypropylene specimens. The samples of 
base and polypropylene specimens had Young's moduli of 
20.7 MPa and 20.0 MPa, respectively, after 12 h of curing. 
After 72 h of hydration, the Young's modulus was then grad-
ually raised to stabilize at 21.5 MPa for the neat specimen 
and 20.9 MPa for the polypropylene specimen. The drop in 
Young's modulus for the samples made with polypropylene 
fiber supported these findings, which showed that adding 
polypropylene fiber made the cement matrix more stable 
under shear stresses.

Mathematical analysis was done to determine the appro-
priate connection to describe the variations in Young's mod-
ulus of the neat and polypropylene specimens with respect 
to curing time. The results demonstrated that the power rela-
tionships of Eqs. (9) and (10) with R2 values of 0.998 and 
0.995, respectively, for the base and polypropylene speci-
mens, best represent the variations in Young's modulus, as 
illustrated in Fig. 9a.

Equations (9) and (10), respectively, were then applied 
to determine the variations in Young's modulus of the neat 
and polypropylene specimens for the first 4 weeks of cur-
ing, as depicted in Fig. 9b. This graph demonstrates that 
both cement systems' Young's modulus increased signifi-
cantly during the first week. Young's modulus continued to 
rise throughout the final 24 days, though at a slower rate 
than during the first week of curing. Young's modulus of the 
neat and polypropylene specimens stabilized after 24 days 
of curing.

After 12 h of curing, the Poisson’s ratio, as presented in 
Fig. 10a, was 0.272 for the neat specimen and 0.280 for the 
polypropylene specimen. After three days of hydration, the 
Poisson's ratio for the neat and polypropylene specimens, 
respectively, decreased steadily with curing time to reach 
0.256 and 0.268. The Poisson's ratio results in Fig. 10a 
demonstrated that the polypropylene-based samples had 
greater Poisson's ratios than the neat specimens did at the 

(9)E
s,base = 19.7T0.021

(10)E
s,PPF = 18.9T0.024

four curing times, indicating that these samples had strong 
elasticity and little lateral expandability.

Regression analysis was used to evaluate the Poisson's 
ratio variations with curing time for neat and polypropylene 
specimens in order to determine the most appropriate rela-
tionship to depict these variations. The results demonstrated 
that the power relationships of Eqs. (11) and (12), with R2 
values of 0.99 and 0.98, respectively, best represent the 
variations in Poisson's ratio for the neat and polypropylene 
specimens, as revealed in Fig. 10a.

Using Eqs. (11) and (12), the variations in the Poisson's 
ratio for the neat and polypropylene specimens over the first 
four weeks of curing were then determined, as presented in 
Fig. 10b. This graph demonstrates the significant decline 
in Poisson's ratio that base and polypropylene specimens 
underwent between 12 h and 7 days of curing. Although at 
a slower rate than the first week of hydration, Poisson's ratio 
continued to fall until the middle of the 28 days. Poisson's 
ratios for both samples stabilized after 24 days of curing.

The influence on the density variation

Due to the solid particles at the bottom of the cement col-
umn settling, the density variation over the height of the 
cement paste is frequently not the same. Therefore, it is cru-
cial to examine the density variation (DV) as a function of 
the hydration period for the base and polypropylene speci-
mens as well as the DV between the top and bottom of the 
specimens.

The density variation for the neat and polypropylene 
specimens after 12 h of curing is 4.9% and 4.1%, respec-
tively, as shown in Fig. 11a. For the following two and a half 
days, the density variation was dramatically reduced to reach 
3.2% and 2.6% for the neat and polypropylene specimens, 
respectively.

According to the regression analysis, the power relation-
ships of Eqs. (13) and (14) with R2 values of 0.99 and 0.97, 
respectively, could accurately represent the variation in the 
density variation of the base (neat) and polypropylene speci-
mens, as revealed in Fig. 11a.

The variations in the density variation for the neat and 
polypropylene specimens throughout the first four weeks 

(11)�base = 0.297T−0.036

(12)�PPF = 0.297T−0.025

(13)DVbase = 8.76T−0.24

(14)DVPPF = 7.42T−0.25
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of curing were then plotted using Eqs. (13) and (14) as 
illustrated by the plots of Fig. 11b. As seen in this figure, 
the density variation for the neat and polypropylene speci-
mens significantly decreased over the first seven days of 
hydration as the curing period increased. After 24 days of 
hydration, this rate of decline slowed down and the density 
variation tended to settle.

Conclusions

In this study, a novel work has been conducted by investi-
gating the influence of polypropylene fiber on the change 
of the early properties of class G oil well cement. Cement 
samples containing polypropylene fiber and neat cement 
samples (without polypropylene fiber) were cured at five 

Fig. 10  Poisson’s ratio for the polypropylene and base specimens at various stages of curing. a The findings of the Poisson’s ratio during the 
early curing times. b The anticipated variations in Poisson’s ratio over 4 weeks
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separate curing processes lasting 6, 12, 24, 48, and 72 h 
each, after which the changes in their characteristics were 
assessed. The results lead to the following conclusions:

• In comparison with the strengths of a neat specimens, 
the addition of polypropylene fiber enhanced the com-

pressive strength by 17.3% and the tensile strength by 
26%. The strength of the neat and polypropylene speci-
mens also increased as the curing period increased.

• In comparison with neat cement, the addition of poly-
propylene fiber reduced the cement matrix's permeabil-
ity and porosity by 15% and 9.7%, respectively.

Fig. 11  Density variation for the polypropylene and base specimens at various stages of curing. a The findings of the density variation during 
the early curing times. b The anticipated density variation over 4 weeks
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• The cement's elasticity was also improved by the addition 
of polypropylene fiber, as shown by a 2.8% reduction in 
Young's modulus and a 4.7% increase in Poisson's ratio.

• In addition to porosity, logarithmic relationships were 
constructed to indicate variations in compressive and ten-
sile strength. While the Poisson's ratio, Young's modulus, 
and density fluctuation variations in the other permeabil-
ity parameters were accurately modeled by power-law 
equations.
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