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ABSTRACT

Ultrahigh-performance concrete (UHPC) is a groundbreaking kind of concrete that distinguishes itself from conven-

tional concrete through its unique material properties. Understanding and managing the time-dependent characteristics of

these materials is essential for their effective use in various construction applications. This study presents an experimental

evaluation of the compressive and bending properties of the UHPC incorporating polypropylene, steel, and glass fibers.

Based on ACI-211 guidelines, the UHPC mix was designed by using three types of aggregates: limestone, andesite, and

quartzite, along with 5% fiber content (at varying percentages of 0, 5%, 10%, 15%, and 20%) relative to the cementitious

materials, and three different water-to-cement (w/c) ratios (0.24, 0.3, and 0.4) were used. In this research, the compressive

and flexural strength tests were conducted. The results show that increasing the values of the fibers significantly enhances

the compressive strength of the studied samples. Furthermore, the utilization of fibers markedly improves the bending

strength of the samples, demonstrating a strong correlation with the yield resistance of the material. Also, findings show

that using steel fibers increases the compressive and bending strength of the tested samples more than polypropylene and
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glass fibers. For instance, in UHPC samples with 0.4 w/c, the average compressive strength values are 82.2 MPa, 70.3

MPa, and 67.1 MPa for steel, polypropylene, and glass fibers, respectively. Also, in the flexural strength test, the modulus

of rupture is obtained as an average of 6.24 MPa, 5.24 MPa and 4.83 MPa for UHPC samples with steel, polypropylene and

glass fibers, respectively.

Keywords: Experimental Study; Ultrahigh-Performance Concrete (UHPC); Polypropylene Fiber; Steel Fiber; Glass Fiber;

Compressive Strength; Flexural Strength

1. Introduction

Ultrahigh-performance concrete (UHPC) represents a

novel category of concrete that has emerged in a new era. In

comparison to high-performance concrete, UHPC samples

typically enhance mechanical and durability features. While

there are distinctions between various types of this concrete,

there are also numerous overarching likenesses [1–3]. The In-

terim Recommendations for Ultra High Performance Fibre-

Reinforced Concretes issued by the Association Française

de Génie Civil in 2002 define UHPC as a material exhibiting

a compressive strength greater than 150 MPa. This con-

crete type is distinguished by its internal fiber reinforcement,

which contributes to its non-brittle characteristics, as well

as a significant binder content that includes specialized ag-

gregates. Furthermore, UHPC is manufactured using a low

water-to-cement (w/c) ratio, generally falling between 0.15

and 0.25. Due to theminimal water content, the incorporation

of superplasticizers is essential to enhance the arrangement

of the particles within the composite material, thereby im-

proving the fluidity and workability of the mixture [4]. UHPC

is an innovative construction material that is characterized by

its remarkable mechanical attributes and resilience, particu-

larly its ability to withstand frost damage and resist chloride

ion penetration. To satisfy rigorous standards, UHPC must

achieve the least values of compressive and tensile strength of

120 MPa and 6.9 MPa respectively after 28 days at the point

of initial cracking. Although proprietary UHPC formulations,

which utilize high-quality materials, are frequently trans-

ported over considerable distances, including international

shipments, the sustainability of this practice raises concerns

due to the significant production costs. These expenses can

be 20 to 30 times greater than those associated with normal

strength concrete, largely due to the costly aggregates, steel

fibers, and premium cementitious materials necessary for

UHPC, in addition to the shipping costs incurred [5, 6]. Fibers

possess the ability to enhance strain-hardening characteris-

tics of UHPC subjected to tensile stress, thereby converting

what would typically be a brittle failure into a more ductile

one [7]. A considerable amount of research has focused on

enhancing the formulation of UHPC, improving its perfor-

mance, lowering production costs, and minimizing energy

consumption during its manufacturing procedure [8]. Kang

et al. employed an analyzed image method to investigate

the influence of fiber distribution characteristics on flexural

strength through flexural tests. The mentioned study demon-

strated that the developed image processing method could

quantitatively assess fiber distribution properties by utilizing

metrics. The parameters included the distribution index, the

density of fibers, the packing density observed in the fiber

image, and the orientation of the fibers. Additionally, it was

observed that the characteristics of fiber distribution were

influenced by the orientation of placement. The findings

indicated that while fiber distribution characteristics had a

significant impact on the ultimate flexural strength, they had

minimal effect on the initial rupture strength. The outcomes

of reliability were confirmed by comparing them with an ana-

lyzed prototype of bending strength [9]. Siba et al. conducted

an experimental optimization program aimed at determin-

ing the ideal combination of steel fibers and cost-effective

carbon nanofibers in UHPC. The mentioned study identified

optimal volume fractions of 1.1% for steel fibers and 0.04%

for carbon nanofibers, which collectively enhanced the bend-

ing strength, ductility, energy dissipation capacity, and the

strength of impact and abrasion of this kind of concrete.

This study revealed complementary and synergistic interac-

tions between the nanofibers and steel fibers, which were

linked to their reinforcing capabilities at various scales [10].

Iqbal et al. performed an investigation into the effects of

integrating micro-steel fibers into high-performance con-

crete that is both lightweight and capable of self-compaction.

Also, the findings demonstrated a reduction in compressive
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strength of about 12% when the steel fiber content was at

or above 1%. In contrast, the research highlighted notable

improvements in both splitting tensile and bending strength,

which saw increases of approximately 37% and 110%, re-

spectively, as the steel fiber content was elevated from 0%

to 1.25% [11]. Krahl et al. conducted a study on the cyclic

behavior of UHPC with fibers subjected to cyclic loading

tests involving tension, compression, and bending, with vary-

ing steel fiber contents of 0%, 1%, and 2%. The findings

indicated that increasing the volumetric content of fibers

increases the residual strength and toughness of the mate-

rial following cyclic loading [12]. Ryabova et al. explored

the enduring flexural strength of GFRC that included silica

fume and metakaolin. Their findings revealed that the addi-

tion of metakaolin, constituting 30% of the Portland cement,

played a crucial role in maintaining the enduring strength of

this concrete [13]. Madhkhan and Katirai explored the role

of pozzolanic reactions in glass fiber reinforced concrete

(GFRC) to mitigate damage to glass fibers over time. Vari-

ous pozzolans were individually incorporated into the GFRC

matrix, and the mechanical properties, including toughness

and compressive strength, were evaluated at intervals of dif-

ferent days. The findings of this research demonstrated that

the inclusion of nanosilica and metakaolin significantly miti-

gated the deterioration of the concrete’s modulus of rupture

and toughness as it aged [14]. Ali and Qureshi studied the

influence of incorporating glass fibers into concrete matrices

made up of reclaimed coarse aggregates. Their compres-

sive strength tests indicated that glass fibers could partially

mitigate the decrease in the values of compressive strength

resulting from the replacement of natural aggregates with

coarse aggregates. Specifically, the inclusion of glass fibers

was found to enhance the compressive strength of the samples

by approximately 4–5% and to significantly improve bend-

ing strength by around 50%. However, it was noted that the

durability properties related to permeability were negatively

influenced by the content of glass fibers [15]. Algburi, Sheikh

and Hadi investigated the effects of different fibers like glass

and steel, and the interplay of these factors on the mechanical

characteristics of reactive powder concrete (RPC) is notewor-

thy. The findings of this study showed that using steel fibers

enhanced the mechanical features of the mentioned concrete

compared to RPC without fibers. Conversely, while glass

and hybrid fibers enhanced tensile and shear strength [16].

Liu, Jia and Wang conducted an investigation into the me-

chanical features and durability of concrete with different

fibers like glass and polypropylene over a period of 28 days.

To evaluate durability, they performed chloride penetration

tests. The findings indicated that the concrete reinforced

with hybrid fibers exhibited superior properties compared

to the other two types of concrete. The incorporation of

polypropylene into the concrete matrix resulted in enhanced

mechanical properties, surpassing those achieved with glass

fibers [17]. Khan et al. investigated the effects of substituting

a fraction of cement with waste glass powder within the con-

crete matrix, while evaluating different curing periods. They

analyzed the mechanical properties of the altered concrete

in relation to a control sample that exhibited a compressive

strength of 20 MPa. The findings indicated a decrease in

compressive strength of no less than 5% in comparison to

conventional concrete; nevertheless, the modulus of rupture

for the prismatic specimen showed a 2% enhancement fol-

lowing 58 days of water curing [18]. Madhkhah and Saeidian

undertook a study examining the mechanical characteris-

tics of UHPC that is reinforced with glass fibers subjected

to three distinct curing methods: normal, autoclave, and

a hybrid curing approach involving autoclave followed by

a 50-day immersion in hot water to replicate accelerated

aging conditions. Furthermore, the research investigated

the impact of replacing silica fume with metakaolin in the

mentioned concrete to assess its mechanical characteristics

following the process of elevated temperature curing. The

findings revealed that specimens exposed to accelerated ag-

ing demonstrated heightened brittleness, accompanied by

a significant decrease in both the modulus of rupture and

toughness indices across all prismatic samples [19]. Dang,

Pham and Dinh conducted an experimental investigation

aimed at examining the compressive and bending properties

of cement-based composites designed for the production of

thin, lightweight, and high-performance construction ma-

terials. The study utilized expanded hollow glass particles,

ranging in size from 0.25 to 0.5 mm, as lightweight fillers [20].

Hosseinzadeh et al. performed research to evaluate the char-

acteristics of high-strength concrete in comparison to normal

concrete that has different fibers subjected to both standard

and sulfate curing conditions. The mixture that achieved the

highest compressive strength was found to contain 1% SF

and 0.2% PF. Regarding tensile strength, the formulation
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with 0.5% high-performance polypropylene (HPP) fibers,

in conjunction with 1% SF and 0.2% PF, exhibited the best

results. Furthermore, the mixture with 0.5% HPP fibers and

1% SF recorded the greatest flexural strength. Importantly,

the fiber-reinforced concrete samples demonstrated a lower

water absorption rate after 30 minutes compared to those

without fibers, with the lowest absorption observed in the

sample containing 0.5% PF and 20% silica fume, which mea-

sured 0.53% [21]. Ghasemzadeh Mousavinejad, Radman and

Ghorbani GilKalaye performed an extensive investigation

into the mechanical characteristics of UHPC subjected to dif-

ferent thermal environments, employing a variety of both in-

dustrial and recycled fiber types. Their findings revealed that

the heat strength of UHPC that incorporates recycled fibers

is similar to that of UHPC that is reinforced with industrial

materials. Additionally, a significant correlation was iden-

tified between the ultrasonic pulse velocity of the samples

and their strength after being subjected to high temperatures,

indicating a possible connection between these two charac-

teristics [22]. Luo et al. explored the viability of utilizing

defect-containing recycled aggregates (RA) in UHPC and

assessed the synergistic effects of nanosilica (NS) and silica

fume (SF) on its performance enhancement. Researchers

evaluated how varying the RA substitution rate, along with

different levels of SF and NS, influenced the flexural proper-

ties and microstructural characteristics of RA-UHPC through

four-point bending tests. The results revealed that specimens

without additional SF exhibited a linear elastic increase in

the load-deflection curve, which was followed by a rapid

decrease in load after reaching the maximum point, lacking a

significant descending phase [23]. Haruna et al. performed an

investigation into the bonding features of U-shaped normal

strength concrete and reinforced UHPC samples by employ-

ing various methodologies [24]. Yingying et al. explored

the integration of steel fibers and nanopalygorskite (NP)

into UHPC with the aim of improving its durability. This

research focused on evaluating the long-term mechanical

properties and shrinkage behavior to assess the influence of

fiber shape and NP on the performance of fiber-reinforced

UHPC (FUHPC). Themicrostructural development of UHPC

was examined using mercury intrusion porosimetry, X-ray

diffraction, and scanning electron microscopy. The results

indicated that the inclusion of steel fibers significantly im-

proved the long-term performance of UHPC, with hooked

fibers (HF) at a dosage of 1.5% demonstrating superior per-

formance compared to straight fibers. Additionally, the intro-

duction of NP further enhanced the long-term performance

of FUHPC, achieving optimal results with a SF dosage of

1.0% and NP dosage of 0.2%. Notably, the nanopalygorskite-

reinforced straight fiber UHPC (NPRSFUHPC) exhibited

the highest 180-day compressive strength of 150.6 MPa, sur-

passing the control sample without NP (SFUHPC) by 10.7%.

Furthermore, the nanopalygorskite-reinforced hooked steel

fiber UHPC (NPRHFUHPC) achieved a maximum 180-day

flexural strength of 26.1 MPa, which was 29.9% greater

than the control (HFUHPC) [25]. Simanjuntak and Aslani

established dependable correlations for forecasting the me-

chanical properties of UHPC under elevated temperatures.

These properties encompass compressive, tensile, and flexu-

ral strengths, as well as the modulus of elasticity, peak strain,

and the stress-strain curves associated with compression.

The findings of this research indicated the necessity for addi-

tional testing to enhance the constitutive relationships, which

include examining various specimen dimensions and config-

urations, altering heating durations, and assessing different

curing techniques [26]. Wang et al. conducted a study on the

residual characteristics of UHPC that incorporates a hybrid

fiber blend of steel and polypropylene, particularly in the

context of fire incidents occurring during construction. The

researchers performed uniaxial compressive tests on UHPC

that had been subjected to elevated temperatures at an early

age. The findings revealed that, up to a temperature of 600

°C, the residual compressive strength of the UHPC tends

to increase with age, attributed to enhanced resistance and

accelerated hydration processes. However, at 800 °C, there

is a slight reduction in strength with age, which can be linked

to the effects of porosity and carbonation reactions [27].

2. Problem Statement

The increasing world population and the wave of mi-

gration to cities have caused the need for the expansion of

urban infrastructure to increase, and this problem is directly

related to the availability of suitable materials for construc-

tion. On the other hand, environmental conditions for living

in urban areas are also deteriorating. Therefore, issues such

as these have always caused the demand for new and high-

safety methods for improving and strengthening structures to
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increase. Recently, the integration of several disciplines such

as civil engineering and materials science has led to the emer-

gence of a new type of concrete with extraordinary properties

that has overcome many of the limitations of conventional

concrete. This concrete has been introduced as reinforced

concrete (RPC) and also UHPC. This concrete usually has a

compressive strength of more than 1500 kg cm−2 and can

also be said to be almost impenetrable, which has made it

free from many of the weaknesses of conventional concrete,

such as weakness against freeze-thaw cycles, corrosion of

reinforcement, and attack by harmful ions. It has also largely

eliminated the major weakness of concrete, namely low ten-

sile strength, so that in a type of UHPC using steel fibers,

there is no need to use reinforcement in the concrete [1–3].

3. Research Novelty

UHPC is a cement-based composite characterized by

fine grain aggregates and a uniform matrix, offering remark-

able compressive strength and outstanding strength to strict

conditional environments. The incorporation of short steel

fibers is a prevalent practice in UHPC, as these fibers signif-

icantly enhance the material’s flexural ductility, durability,

and energy absorption capacity. In this research, as an objec-

tive, UHPC samples are constructed and stored in a water

pond and the compressive strength and bending strength of

the samples are measured at 7, 28, and 91 days. As an innova-

tion, the experimental study of the influence of the different

fibers such as polypropylene, steel, and glass on the mechan-

ical features of UHPC has been investigated and their effect

has been compared with each other. Also, the histogram of

the flexural strength of all samples with the studied fibers is

compared. The course of the study is presented in Table 1.

Table 1. Scheme of experimental tests of UHPC.

Phase Description of the Procedure

I Preparing fibers such as polypropylene, steel, and glass.

II Constructed UHPC samples with the proposed mix designs.

III Curing the constructed samples.

IV Performing a visual assessment.

V Performing a compressive strength test.

VI Performing a flexural strength test.

VII Assessing the mechanical properties of the UHPC containing fibers.

4. Theoretical Fundamentals

4.1. UHPC

Today, based on the current concrete technology, it is

possible to manufacture concrete with high and unexpected

compressive strengths that can be used for the design of com-

mon operational structures. Although most concrete codes

still limit the strength of concrete used in structures to 60

MPa, new codes have recently considered a higher limit of

105 MPa. The manufacture of high-strength concretes of up

to 120 MPa and its use in tall buildings has become popular

in developed countries of the world. This strength has been

increased by adding fine and active materials to cement to

such an extent that concretes with compressive strengths

between 200 and 800 MPa and tensile strengths between 30

and 150 MPa have been obtained in laboratory samples. To

achieve such strengths, it is necessary to make changes in the

mixing design and use new materials and additives [28]. One

of the important factors in achieving such strengths is the use

of resistant aggregates and reducing the maximum aggregate

size in the concrete mixture for greater homogeneity. Also,

by using very fine-grained materials with sizes less than a

tenth of a micron, a denser set with very low porosity that

will have the highest specific gravity can be prepared. In

high-strength concretes, the water-cement ratio (w/c) should

be reduced as much as possible (today, even a ratio of 0.18

= w/c has been used), in which case some unhydrated ce-

ment grains in the form of fine-grained fillers increase the

density and, as a result, increase the strength. Obviously, to

ensure the efficiency of such mixtures with very little water,

it is necessary to use lubricants, super-lubricants and fine
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particle dispersants in the concrete. To increase the softness

of such concretes (as the brittleness and brittleness of the

concrete increase), short fibers can be added to them. In the

manufacture of such concretes (strength at the level of steel

and higher), pressure and temperature hardening methods are

used to cure the concrete and provide high initial strength [29].

UHPC has emerged as a serious option in the field of

sustainable building materials, considering significant inter-

est due to its exceptional mechanical properties and outstand-

ing durability. The characteristics of UHPC—such as its high

strength, versatility, resilience, and capacity to support a vari-

ety of aesthetic designs—make it a highly advanced and mul-

tifunctional material. Its durability is evaluated based on its

resistance to water and chloride-ion penetration, carbonation,

freeze-thaw cycles, chemical degradation, and susceptibility

to alkali-silica reactions, wear, and fire. As a result, UHPC

is well-positioned to be the preferred material for concrete

structures across a range of applications and environments.

Additionally, the integration of fibers into concrete has been

proven to greatly improve the durability of concrete struc-

tures under various loading conditions, including impacts

and fatigue stresses [28–30].

4.2. Fibers

The idea of adding fibers to brittle and brittle mixtures

that have little tensile strength has existed since ancient times.

Studies show that the idea of using fibers has existed since

ancient times. The ancient Egyptians used straw to reinforce

mud bricks. In addition, fireproof cotton fibers and horse

hair have also been used for weapons. Today, in the world,

there are many various kinds of fibers for different applica-

tions in this concrete, one of the most widely used of which

is steel fibers. Steel fibers have a high modulus of elasticity

and failure strain, which is considered the most suitable and

economical type of fiber due to its good plasticity and high

tensile strength. This type of fiber is made in different shapes

(straight, hooked end, toothed, etc.) to improve the behavior

of concrete. Also, mixing them with other concrete materials

is done easily. Among the applications of these fibers can

be mentioned in the construction of structures under impact

and explosion, runways of airports, floors of industrial halls,

pipes and thin shells, tunnels, street flooring, parts that are

exposed to high temperature changes and even at very high

temperatures. Considering the special advantages and appli-

cations of concrete reinforced with steel fibers, it is necessary

to take necessary measures for its practical application while

knowing more about this technology. Considering the nature

of the conducted research, which includes the preparation of

concrete samples and a series of compressive and flexural

resistance tests [31].

4.3. Compressive Strength Test

The concrete cube test for assessing compressive

strength provides essential information regarding the funda-

mental characteristics of concrete. This specific evaluation

serves to determine the correctness of the concreting process

undertaken. In standard construction situations, the compres-

sive strength of concrete typically ranges from 15 MPa to

30 MPa, with even higher strengths observed in commer-

cial and industrial applications. Various elements affect the

compressive strength of concrete, such as the water-cement

ratio, the quality of the cement, the standard of the concrete

materials used, and the degree of quality control exercised

during the concrete manufacturing process. The compressive

strength assessment can be conducted using either a cube or

a cylinder [32].

4.4. Flexural Strength Test

This test is considered a mechanical evaluation de-

signed to assess the flexural characteristics of a material.

There are three primary variations of this test: the three-point,

four-point, and simple cantilever loading methods. Among

these, the three-point flexural test is the most commonly

employed for plastic materials. This method is utilized to

analyze the flexural response of the material when subjected

to a three-point loading scenario. It is particularly suitable

for plastics, as the maximum bending stress occurs directly

beneath the loading anvil, making it ideal for homogeneous

materials like plastic. Through the flexural test, one can

ascertain key features like flexural strength, bending strain,

and the elasticity modulus in bending state. Flexural strength

specifically refers to the maximum stress or force that a ma-

terial can endure before experiencing bending failure [33].

5. Materials and Methods

In this experimental study, cement type II with grade

420, whose physical and chemical features are in based on
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the ASTM C150 standard [34], was used, and the technical

and chemical characteristics of the elements and oxides used

in cement type II are presented in Table 2. Also, the mechan-

ical characteristics of steel fibers, polypropylene and glass

are mentioned in Table 3 that the steel fibers used in this

research were obtained from ZanjanWire Industry Company

and the lubricant used was obtained from Khatam Chemical

Concrete Company. The amount of lubricant for fibers of

steel, polypropylene, and glass is 0.5%, 0.33%, and 0.1%, re-

spectively. The used fibers in this study are presented based

on Figure 1. The quality of these fibers is approved without

any damages.

(a) (b) (c)

Figure 1. Used fibers in this study: (a) glass fiber, (b) polypropy-

lene fiber, and (c) steel fiber.

The materials used to make concrete samples are as

follows: Based on ASTM C150 standard, the researchers

in the current study used cement type II. Glass fiber fibers

(S-glass type) with a diameter of 17–19 microns and a length

of 3–50 mm, steel fibers with a diameter of 0.6–1.2 mm and

a length of 50 mm and polypropylene fibers with a diameter

of 0.021 mm and a length of 6 mm. Melamine formalde-

hyde sulfonate superplasticizer in accordance with ASTM

C494-Type F standard. Fine limestone with a purity per-

centage of more than 91% (CaCO3 ≥ 91%) and a grain size

within the permissible range of the ASTM standard with a

softness modulus of 2.66, density of 2.478, water absorption

percentage of 1.3% and natural humidity of 0.2%. Coarsely

broken limestone, andesitic, and quartzite aggregates, with

a grain size of 8 in ASTM C33, with a maximum diameter

of 9.5 mm and other physical characteristics. Two mechani-

cal properties of compressive strength and elastic modulus

of limestone, andesitic, and quartzite rocks are determined

by testing cylindrical samples with dimensions of 5×10 cm

separated from the same rocks from which the aggregates

were produced. The compressive strength of quartzite stone

was significantly higher than that of limestone and andesitic

stones, and the compressive strength of andesitic stone is

between that of quartzite and limestone. On the other hand,

the elastic modulus of quartzite stone is also significantly

higher than that of limestone and andesitic stones, but the

elastic modulus of andesitic stone is only slightly higher than

that of limestone. In this study, a superplasticizer was used

to increase the efficiency of the mixed concrete and it was

mixed for two minutes.

To perform this test, 12 cubic samples with dimensions

of 15 × 15 × 15 were used for the compressive strength test.

The mix design of samples is presented based on Table 4.

The purpose of mixing concrete with high strength and per-

formance is to determine the mixing ratio between concrete

components in order to obtain specific properties in fresh and

hardened concrete (necessary efficiency, desired compres-

sive strength and sufficient durability). Today, there are many

different methods and regulations for ordinary concrete mix

design, but a comprehensivemixing design for UHPC has not

yet been developed. ACI 211-4R-93 regulation [35] is one of

the regulations that partially refers to high strength concrete

mixing design. Among the criticisms that can be made to the

draft of the aforementioned regulations, the non-interference

of the mechanical properties of coarse grains in determining

the concrete mixing design in order to obtain the desired

compressive strength. Extensive research by researchers

shows that the mechanical properties of coarse grains play

a significant role in the formation of the mechanical prop-

erties of UHPC. Another problem with the mixing plan of

ACI 211-4R-93 regulation is the non-interference of fiber

percentage in the formation of concrete compressive strength.

It is clear that by replacing different percentages and while

the total weight of cement materials is constant, different

growths in compressive strength are observed. Sometimes,

it can be seen that by replacing 10 to 15% of fibers, the com-

pressive strength has increased by about 30% compared to

the state where there are no fibers. In this research, by using

the method of ordinary concrete mixing design according

to the American Concrete Code according to ACI 21-89 [36]

and its appendices (regarding the percentage replacement of

cement by fiber materials) and also the UHPC mixing design

method of theAmerican Concrete Code according to theACI

211-4R-93 regulation, and considering the recommendations

of Committee 363 of the American Concrete Society on the

construction of UHPC, as well as by collecting and applying

the opinions and research results of researchers who have

conducted studies in the field of UHPC, and also based on
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Table 2. Chemical properties of cement type II.

Table 3. Specifications of used fibers in this study.

the results of the present research, it has been tried to use a

standard method for mixing concrete with high strength. In

the following, the results of compressive strength tests are

presented. The limitation of the force applied by the loading

device caused standard samples with smaller dimensions to

be used to test the compressive strength of concrete with

high strengths. Therefore, according to the ASTM C39 stan-

dard [37], standard cylindrical samples with dimensions of 20

× 10 cm should be used for this research. Upon concluding

the construction phase, the concrete mixture was poured into

the molds, which were subsequently opened after a 24-hour

period. The samples were then immersed in water for two

hours prior to testing. In accordance with the ASTM C617

standard [38], the sides of the samples were coated with sulfur

to ensure that the loading surfaces were entirely smooth and

aligned perpendicularly to the length of the samples.

6. Results and Discussion

This assessment was done to check the compressive

strength of cubic concrete samples, in accordance with the

ASTM C39 standard. Based on Figure 2, to perform this

test, 20 cubic samples of 15 × 15 × 15 were constructed,

according to the 15 available mixing designs, after 7, 28

and 91 days, the samples were taken out of the pond. First,

their dimensions were measured by calipers. The measured

(cross-sectional area) was then weighed and the amount of

bearing force of the sample was recorded from the machine

and the compressive strength was obtained. The compres-

sive strength setup test is presented based on Figure 3 and

the findings of compressive strength of tested samples are

reported in Table 5.

Figure 2. Constructed samples for compressive strength test.

Figure 3. Real image of compressive strength test setup.

The bending strength was calculated through the flex-

ural test of a beam measuring 60 × 80 × 320 mm. In order

to determine the flexural strength of the samples, 60 beam
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Table 4. The mix design of constructed samples.

Table 5. The results of compressive strength of samples (MPa).

samples were tested. The general symbol of the flexural test

machine and constructed samples is shown in Figure 4.

Figure 4. View of the constructed samples flexural strength test

and its setup.

The results of the flexural strength test on 60 samples

for three groups are presented in Table 6. According to this

table, the third group has the highest average value among

the other two groups. The average flexural strength of the

concrete group with steel fibers is 29% and 21% higher than

the flexural strength of glass and polypropylene group sam-

ples, respectively. The standard deviation of concrete with

steel fibers is 42% and 33%, respectively, of the groups of

concrete with glass fibers and concrete with polypropylene

fibers. Figure 5 shows the histogram of the flexural strength

of all samples, which shows that the flexural strength for the

three groups has an almost normal distribution. The coeffi-

cient of variation of concrete with steel fibers is 11% and 8%

higher than the coefficient of variation of concrete with glass

fibers and concrete with polypropylene fibers, respectively.

As can be seen, the coefficient of variation increases with

polypropylene, steel and glass fibers respectively. Figure

6 indicates the normal probability distribution of flexural

test data of constructed samples with the studied fibers. The

enhancement in the coefficient of variation by adding fibers

shows that the use of fibers causes the data to be more scat-
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tered. Also, in steel fibers, compared to the rest of the fibers,

it also increases the flexural strength. The results show that

fibers play a crucial role in mitigating the early tensile crack-

ing of concrete due to their ability to arrest cracks and their

superior tensile strength. Similar to the outcomes observed

in compression testing, the enhancement of flexural strength

is significantly greater when steel fibers are utilized com-

pared to the improvements seen with polypropylene and glass

fibers.

(a)

(b)

(c)

Figure 5. Flexural strength histogram and normal distribution curve

of data: (a) polypropylene fiber, (b) glass fiber, and (c) steel fiber.

(a)

(b)

(c)

Figure 6. Normal probability distribution of flexural test data: (a)

polypropylene fiber, (b) glass fiber, and (c) steel fiber.

7. Conclusions

UHPC is a distinct type of cementitious composite that

is defined by its use of fine aggregates and a consistent matrix.

This unique composition imparts exceptional compressive

strength and superior durability against severe environmental

factors. Incorporation of steel fibers is a prevalent practice

in UHPC, as these fibers significantly enhance the material’s

flexural ductility, durability, and energy absorption capabil-

ities. Additionally, the introduction of polypropylene and

glass fibers into UHPC represents an innovative approach
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Table 6. The results of flexural strength of samples.

that not only enhances its mechanical properties but also

offers advantages such as reduced weight and lower cost

compared to traditional steel fibers.

In this research, the effects of fibers such as steel,

polypropylene, and glass on the mechanical properties of

UHPC were investigated. Based on the new findings of com-

pressive strength on cubic samples, it is clear that with the

addition of fibers, changes in the compressive strength of the

samples increase. By adding fibers, the change coefficient of

compressive strength increased from 4.96% to 8.42%. The

increase in the compressive strength of concrete with the in-

crease of fibers is not noticeable. However, by adding fibers,

the compressive strength of concrete increases and the behav-

ior of concrete becomes softer. The use of fibers dramatically

increases the flexural strength of concrete, and this issue has a

very tangible relationship with the concrete strength. It is nec-

essary to mention that steel fibers increase the compressive

and flexural strength of UHPC samples versus polypropylene

and glass fibers. For example, in 0.4 w/c of UHPC samples,

the average of compressive strength values is 82.2 MPa, 70.3

MPa and 67.1 MPa for steel, polypropylene and glass fibers,

respectively. Also, in the flexural strength test, the modulus

of rupture is obtained averagely 6.24 MPa, 5.24 MPa, and

4.83 MPa for UHPC samples with steel, polypropylene, and

glass fibers, respectively.

While this research has achieved notable advancements,

it is important to recognize certain limitations. The investiga-

tion was confined to examining the effects of polypropylene,

steel, and glass fibers at only four specific percentages: 5%,

10%, 15%, and 20% relative to the cementitious materials,

and three different w/c ratios 0.24, 0.3, and 0.4 for computing

compressive strength and flexural strength. Consequently,

the study primarily concentrated on the short-term mechan-

ical properties of UHPC, leaving long-term performance

aspects, such as durability and resilience over time, outside

its purview. Moreover, as future works, the following points

can be considered as suggestions:

1. Investigating the effect of cement type on the perfor-

mance of fiber UHPC.

2. Investigating the effect of combining different fibers

simultaneously in UHPC.

3. Investigating the effect of fiber diameter and dimen-
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sions on the strength of UHPC.

4. Investigating the potential of hybrid fiber reinforce-

ment in UHPC.
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