
183 
 

 

 

 

 Influence of hybrid fibers on the mechanical properties of 

ultra-high-performance concrete incorporating metakaolin and 

silica fume. 

Saeeb M. AL-Tam
a,c

 *, Ahmed M. Tahwia 
b
 and Mahmoud H. M.

a 

a
 Dept. of Structural Engineering, Faculty of Engineering, Al- Azhar University, Egypt     

      b
 Dept. of Structural Engineering, Faculty of Engineering, Mansoura   University, Egyp 

 

 اٌٍّقٔ اٌؼوثٟ :

ِّب ٠ٌٛل اٌؼل٠ل ِٓ اٌّْبوً اٌج١ئ١خ. فٟ ٘نا  الإٍّذ ػ١ت ئٔزبط اٌقوٍبٔخ فبئمخ الاكاء ٘ٛ اٍزقلاَ و١ّخ وج١وح ِٓ 

الاكاء ِٓ اٌزأص١و اٌج١ئٟ إٌبرظ أصٕبء ئٔزبط  اٌقوٍبٔخ فبئمخئٌٝ اٌؾل الأكٔٝ ثؾ١ش رمًٍ  الإٍّٕذرُ رم١ًٍ ِؾزٜٛ  اٌجؾش 

رّذ كهاٍخ رأص١و و١ّبد ِزؼلكح ِٓ  مٌه . ثبلإٙبفخ ئٌٝ ٓا١ٌّزب و١ٌٍٛزلاِخ ِٓ فلاي كِظ ِؾزٜٛ ٚرؾمك الا الإٍّذ

ِٓ أعً رؾل٠ل اٌى١ّخ اٌّضب١ٌخ ٌلأ١ٌبف اٌٙغ١ٕخ ٌٚزم١١ُ اٌقٖبئٔ ا١ٌّىب١ٔى١خ  اٌٍٖت ٚونٌه أ١ٌبف  ثوٚث١ٍٓ أ١ٌبف اٌجٌٟٛ 

ثّؼٕٝ. ا١ٌبف اٌٍٖت  ٌلأ١ٌبف اٌزٟ رّذ كهاٍزٙب ٟ٘ اٌغيء اٌؾغّٟ وبٔذ اٌّزغ١واد  الاكاء.ٚاٌل٠ٕب١ِى١خ ٌـٍقوٍبٔخ فبئمخ 

٪( َٚٔجخ ِئ٠ٛخ صبثزخ ِٓ 0ٚ٪ 0.25 ٪ 1.5 ٪ 0.75 ٪ 3) ثوٚث١ٍٓاٌجٌٟٛ  ٚا١ٌبف٪( ٪ٚ3 0.75 ٪ 1.5 ٪ 2.25 ٪ 0)

بٍىبي ثبٌوغُ ١ِغب ث 155٪(. أظٙود إٌزبئظ أْ ِمبِٚخ الأٚغبٛ ٌٍّووت وبٔذ 10) ٚا١ٌّزبو١ٌٛٓ٪( 25ا١ٌٍَىب )كفبْ 

. ثبٌَٕجخ ثوٚث١ٍٓ٪ أ١ٌبف ثٌٟٛ 25ٚ٪ أ١ٌبف فٛلام٠خ 75ِغ  3وغُ / َ  700ِٓ أقفبٗ اٍزٙلان الإٍّٔذ ثٛالغ 

٪ ِمبهٔخ ثبٌّقٍٛٛ 8  ىاكد ِمبِٚخ الأؾٕبء ثَٕجخ ثوٚث١ٍٓ٪ أ١ٌبف ثٌٟٛ 25ٚ٪ أ١ٌبف فٛلام٠خ 75ٌٍزوو١جخ اٌّىٛٔخ ِٓ 

٪ ػٓ ِي٠ظ 2ب ١ْ٠و ئٌٝ فٛائل اٌزٙغ١ٓ. أِب ِؼبًِ اٌّوٚٔخ فمل ىاك ثَٕجخ ِّ ٪ 100اٌّؾزٛٞ ػٍٝ أ١ٌبف فٛلام٠خ 

رْزذ ألً ثَجت لبث١ٍزٙب  ثوٚث١ٍٓأظٙود اٌّقب١ٌٜ اٌّؾز٠ٛخ ػٍٝ ِبكح اٌجٌٟٛ  اٌؾو٠ك اٌٍٖت الأؽبكٞ. ٚفٟ افزجبه 

اٌٙغ١ٕخ لا رَبػل فمٜ فٟ أظٙود إٌزبئظ أْ ئٙبفخ الأ١ٌبف  مٌه ٌٍنٚثبْ ٚأقفبٗ ٙغٜ اٌجقبه اٌلافٍٟ. ػلاٚح ػٍٝ 

ب رغ١و ّٜٔ اٌفًْ ًٚ  .ثٕبء ٚاعٙبد ألٜٛ فٟ اٌقوٍبٔخ فبئمخ الاكاء ٌٚىٓ أ٠

 

ABSTRACT:  

     A demerit of UHPC production is the use of a large amount of cement, which generates 

many environmental problems. In this paper, the cement content was minimized so that the 

UHPC concrete minimizes the environmental impact generated during cement production and 

achieves sustainability by incorporating a metakaolin (MK) content. In addition, the influence 

of several quantities of polypropylene fibers (PP. F), as well as steel fibers (St. F), was studied 

in order to determine the ideal amount of hybrid fibers and to evaluate the mechanical and 

dynamic properties of UHPC. The variables studied were the volume fraction of fibers, viz. 

PP. F (0%, 2.25%, 1.5%, 0.75% and 3%) and St. F (3%, 0.75%, 1.5%, 0.25% and 0%) and a 

fixed percentage of silica fume (SF) (25%) and MK (10%). The results showed that the 

compressive strength of the composite was 155 MPa despite the low cement consumption of 

 

Al-Azhar University Civil Engineering Research Magazine ( CERM ) 

Vol.  (44 ) No. ( 1 ) January 2022 

 



184 
 

700 kg/m
3
 with 75% steel fibers and 25% polypropylene fibers.  For the composition 

consisting of 75% steel fibers and 25% polypropylene fibers, the flexural strength increased 

by 8% compared to the mixture containing 100% steel fibers, indicating the benefits of 

hybridization. as the modulus of elasticity increased by 2% more than mixed mono steel. And 

in a fire test, mixtures containing polypropylene showed lower dispersion due to their 

solubility and lower internal vapor pressure. Furthermore, the results show that adding the 

hybrid fibers not only helps in building stronger interfaces in UHPC but also changes the 

failure pattern. 

 Keywords: UHPC matrix, hybrid fibers, Mechanical strengths, modulus of elasticity, MK. 

1. Introduction 

Ultra-high-performance concrete (UHPC) is a cementitious compound having a  

compressive strength of over 120 MPa, as well as fantastic durability, toughness, and tensile 

ductility [1-3].  Cement consumption is increasing to fulfil the increased demand for UHPC in 

civil infrastructure, resulting in large greenhouse gas emissions and serious environmental 

effects [4]. On the other hand, during the manufacturing process of UHPC, well-chosen raw 

materials and complex quenching processes consume a lot of energy, resulting in a significant 

rise in industrial production cost [5]. As a result, a lot of effort has been put into optimizing 

the configuration in order to keep making UHPCs at lower cost and power [6].  

Fibers are included in UHPC as no less important components with the primary 

objective of overcoming their brittle character and increasing their tensile strength [7]. 

Fiberless UHPC has a brittle tensile strength between 7 and 10 MPa, whereas fiber-reinforced 

UHPC has a higher tensile strength between 7 and 15 MPa and ductile behavior in the stress-

strain scheme in the descending region after crushing [8]. Due to their modulus and high 

strength, St. F fibers are the most common among the many types of fibers employed, which 

helps reduce fiber breaking in areas with UHPC cracking and gives excellent crack bridging 

capabilities [9]. When compared with non-fibrous UHPC, the results showed that St. F 

increases the maximum compressive strength via about 12%, although there is no significant 

change in the maximum compressive strength between 2 and 4% in terms of fiber volume.  St. 

F is a common large fiber that can fill large cracks and reduce their expansion over a wide 

range; but, the inhibitory effect of SF on early-appearing microcracks is limited [10, 11]. 

  When mixed with steel fiber to produce a hybrid fiber system, polypropylene fiber (PP. 

F), a common type of micro-fiber, has been proven to successfully improve the overall 

qualities of the cementitious material. For example, Yu et al. found that UHPC with St. F (2% 

by volume) and PP. F (0.4% by volume) has a maximum flexural strength of approximately 

25 MPa, which is much higher than St. F alone (approximately 19 MPa) [12]. PPF can also be 

chemically inert in the alkaline environment of concrete because it is non-corrosive and 
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thermally stable [13]. Moreover, PP F has a hydrophobic surface, which means that it does not 

impede the water reaction of concrete [14]. It was also confirmed that adding PP. F to regular 

reinforced concrete improved the bonding behavior of St. F [15]. As a result, a combination of 

St. F-PP. F in concrete might significantly improve benny conditions by minimizing the 

occurrence and reproduction of concrete fractures by leveraging the material features of the 

two fibers [6]. PP. F, which connects the micro-cracks in the ITZ for UHPC with aggregates 

[12], [16] it can also be used to link the interfacial transition zone (ITZ) between the aggregate 

and the matrix. In reality, the UHPC's compression response is the foundation for successful 

structural analysis and design. Several studies on the modulus of elasticity as well as the 

compressive strength of UHPC have been conducted so far, considering a variety of 

influencing parameters such as sample size, pretreatment, steel fibers, casting direction, 

loading speed, etc., [17, 18]. 

The microstructure and properties of the cement's hydration products alter when 

exposed to high temperatures, which changes the substrate's macroscopic properties and 

impacts the general behavior of hardened concrete [19]. It may be difficult to release vapor 

pressure under fire and high temperatures due to the limited porosity of the UHPC. As a 

result, UHPC constructions perhaps more sensitive to fire and high-temperatures, resulting in 

harm [20].  Polypropylene fibers PP. F, on the other hand, can avoid chipped damage [21-23]. 

According to the research, adding 0.6% PP. F (volume ratio) to UHPC improves fire 

resistance and prevents chipping [24]. This is due to the PP. F creating an exhaust steam path 

after melting at high temperatures, allowing the pressure to be released. The mechanical 

characteristics of UHPC have also been damaged due to drying of hydrated calcium silicate 

colloid (C-S-H) and damage induced by thermal expansion and chemical decomposition and 

of UHPC materials [20]. The compressive strength of UHP increased with rising temperature 

up to 300 °C, according to Tai et al. [25]. However, after the temperature above 300 °C, the 

compressive strength began to decrease. The mechanical decomposition of UHPC occurs at 

high temperatures due to the poor internal microstructure [25]. The modulus of elasticity, an 

essential factor in the design as well as studying concrete structures, could influence 

deformation of concrete during the elastic phase and at the start of cracking. The modulus of 

elasticity of (UHPC) with high compressive strength and great toughness is usually in the 

range of 40-60 GPa, which is 20-70% higher than that of concrete.   

      From the previously published results, it was found that there has not been enough 

research on hybrid fiber-reinforced UHPC. Hence, the aim of this research is to study the 

influence of adding two types of fibers to concrete mixtures and designing these mixtures with 

the optimum amount of steel fibers and polypropylene on the resistance of UHPC to failure, 

and an attempt has been made to study the influence of different proportions of steel fiber and 

polypropylene fibers for strength of UHPC. The influence of mono polypropylene fiber and 

mono steel fiber in UHPC is also investigated and reported. 
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2. Experimental methods 

2.1. Materials 

          Through the experimental study, Portland cement (PC) type CEM I 52.5N in according 

to BS EN 197-1/2011 [26] has been employed as the main binder material. MK and SF were 

used as partial addition of cement at rates of 10% and 25% for by the mass of cement. Table 1 

illustrates chemical properties of all cementitious materials used. The total content of the 

cementitious materials was 945 kg/m
3
. Silica fume has an average diameter of 8 μm, a SiO2 

content of 97.8%, a specific gravity of 2.2, and a specific surface area of 21,000 m²/kg. MK, 

had a specific gravity of 2.57, respectively, and their Blaine areas were 19000 m
2
/kg, and a 

specific surface area of 4200 m
2
/kg. The silica fume used was a high silicon material that met 

the initial criteria of ASTM C1240-14 [27]. In concrete compositions, Quartz powder (QP) 

has been used with very small particles from 0.3mm to 1.2mm, specific gravity 2.61. 

     To enhance packing density in concrete, the water/binder ratio (w/b) was fixed at 0.18. 

Natural sand was employed as the fine aggregate in this investigation, and it was evaluated 

according to ASTM C33/C33-18 [28]. The natural sand utilized has a particle size range of 

0.125 to 0.6 mm, a specific gravity of 2.65, a volume density of 1.79 t/m
3
, and a 0.9 percent 

water absorption.  Moreover, to examine the effect of hybrid fibers on mechanical and 

dynamic properties, two different types of fibers were considered in this study, namely St. F 

and PP. F, as shown in Fig.1. Detailed properties of fibers are listed in Table 2. To increase 

the flowability of UHPC, an abased high-range water reducer with a dose of 2.5% by mass of 

cementitious materials was utilized. 

 

Table 1. Chemical properties of the cementitious materials used. 
Chemical component PC MK QS SF 

CaO 63.02 0.78 0.02 0.27 

SiO2 20.05 53.3 98.8

5 

97.8

0 

Al2O3 4.26 30 0.08 0.34 

Fe2O3 2.82 4.33 0.05 0.17 

SO3 3.15 - 3.14 - 

Na2o 0.38 0.26 - 0.23 

K2O 1.24 0.62 - 0.15 

MgO 3.80 0.16 - 0.21 

P2O5 - - 0.04 - 

Mno2 - - - - 

Tio2 - - - - 

L.O.I. (%) 2.3 0.98 - 2.0 
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Table 2.  properties of the fibers. 

Material 
Len

gth (mm) 

Diame

ter (mm) 

Densi

ty (Kg/m
3
) 

Tensile 

Strength 

(MPa) 

Elastic 

Modulus 

(GPa) 

Steel 12.5 1 7850 750 203 

Polypro

pylene 
6 0.035 910 400 3.5 

 

 

                                           

 

  

 

(a)                                                             (b) 

Fig 1. Hybrid fibers used in this study (a) PP. F and (b) St. F. 

 

2.2. Mixture proportions 

Table 3. describes the concrete mix design program used in this study. The control 

mixture (M0) does not contain steel fibers or polypropylene fibers for comparison. Six 

experimental mixtures were made with different proportions of UHPC mixtures. The three 

parameters of interest were: addition of MK to all mixtures, steel fibers (volume %), and 

polypropylene fibers (volume %). The superplasticizer concentrations in the cementitious 

materials were 2.5 percent by weight. The weight ratio of fine aggregate and quartz sand was 

maintained in all mixtures. 
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Table 3.  Mixing ratio of UHPC (kg/m
3
). 

 PC: 

Portland Cement, SF: Silica Fume, MK: Metakaolin, SP: superplasticizer, QP: quartz powder, 

St. F: steel fibers, PP. F: polypropylene fiber, w/b: water/binder ratio. 

 

 The proportions of concrete for every group have been mixed via a single shaft forced mixer, 

as well as the mixing procedure, has been as follows: 

(1) Only the PC, MK, SF, and aggregates were placed in the mixing tank and then mixed for 5 

min.  

(2) Water with a proportion of the superplasticizer was poured in the mixer after mixing for 2 

minutes. 

(3) The fibers are gradually introduced (steel fiber and polypropylene fiber). 

(4) Finally, the remaining water and superplasticizer were poured into the mixer and mixing 

process has been continued for another 5 min until fresh concrete was produced. 

 

2.3 Sample preparation and treatment 

     After mixing the concrete, the fresh properties of each mixture were recorded. To 

determine the mechanical properties and durability of UHPC, suitable molds were used for 

sample preparation. Before preparing the UHPC mixture, the formwork is properly cleaned, 

lubricated, and fixed before preparing UHPC mixture to ensure that there are no leaks when 

pouring concrete. To expel the air voids in the concrete mixture and to ensure compaction, a 

table vibrator has been used, the mixture is poured into the molds and stays in the molds for 

24 hours. at 24°C. After pouring, all samples have been covered with polyethylene sheets for 

24 hours overnight, then the molds have been removed and all have been placed in a container 

of water until testing time. 

 

P

P.F 

S

t.F 

w

/b 

S

P (%) 

Q

P 

S

and 

M

K 

S

F 

P

C 

Mixture 

0 0 0

.18 

2

.5 

1

75 

1

122 

7

0 

1

75 

7

00 
M0 

0 2

34 

0

.18 

2

.5 

1

75 

1

122 

7

0 

1

75 

7

00 
3SF 

6

.8 

1

75.5 

0

.18 

2

.5 

1

75 

1

122 

7

0 

1

75 

7

00 
0.75SF0

.25PP 

1

3.6 

1

17 

0

.18 

2

.5 

1

75 

1

122 

7

0 

1

75 

7

00 
0.5SF0.

5PP 

2

0.5 

5

8.5 

0

.18 

2

.5 

1

75 

1

122 

7

0 

1

75 

7

00 
0.25SF0

.75PP 

2

7.3 

0 0

.18 

2

.5 

1

75 

1

122 

7

0 

1

75 

7

00 
3PP 
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2.4. Test methods and devices 

In Table 4 the tests performed for UHPC are (density, slump flow, compressive strength, 

modulus of elasticity, tensile strength, and flexural strength) performed as per ASTM listed 

specifications [29-34. Samples were heated at a specified medium (3°C/min) to an oven 

temperature meeting the target temperature to test the effects of high temperatures on the 

mechanical properties of the UHPC. The oven temperature was set for 30 minutes after the 

highest objective temperature was reached to improve the thermal stability of the entire 

sample. The furnace was then switched off and the sample was allowed to cool to room 

temperature by opening the furnace door before the residual force test. 

Table 4. Method of testing the properties of concrete. 

Property 
Experimental 

Method 

density ASTM C138 

Slump ASTM C143 

Compressive 

strength 
ASTM C39 

Splitting tensile 

strength 
ASTM C496 

Flexural strength ASTM C78 

 

 

2.6. Modulus of elasticity  

     Fig. 4 shows the modulus of elasticity measurement for each twenty-eight-day-old concrete 

mixture. The standard ASTMC 469-75 (1975) [32] was used to estimate the constant elasticity 

modulus (Ec) in compression. Samples were loaded with pressure (2 kg/cm
2
), and then 

increased to (Y+ 7), where Y represents one third of the maximum compressive strength. 

About 11.2 kg/cm
2
 of additional loading was gradually added. The displacement (ΔƖ) was 

measured with a scale at each increase in load, and the stress was calculated as /L0, where L0 

is the distance between the device axes. These steps were used to accomplish 3 

loading/unloading cycles. As a measure of concrete's modulus of elasticity, stress-strain 

curves were plotted using the regression of the latest load cycle. As samples have been loaded 

every 2 tons, as well as measuring the strain that occurs to the sample, the loading arrived at 

40 tons. 
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. 

                                    Fig. 4.  Modulus of elasticity. 

3. Results and discussions 

3.1. Dry density  

Fig 5. Shows the solidification density of UHPC mixtures using hybrid fibers. In 

general, the density of concrete mixtures decreases as the steel fiber content decreases and the 

polypropylene fibers increase. This could be explained by the polypropylene fibers lower 

density compared to that of steel fibers and the density of concrete increases with the increase 

of steel fibers. It was observed that the lowest density was the control mixture among the 

studied mixtures. The highest density is found in the 3St.F mixture. 

M0 0.75SF-0.25PPF 3SF 0.5SF-0.5PPF 3PPF 0.25SF-0.75PPF

0
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g
/m

3
)

Mixture 

 

Fig. 5. Density of UHPC hardening mixtures. 
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3.2. Fresh concrete properties  

A slump test has been performed to evaluate effects of St. F and PP. F on UHPC 

operability in line with ASTM C143 [30]. In this test, a truncated cone (top diameter 100 mm, 

bottom diameter 200 mm, height 300 mm) was filled with concrete in three layers, each 

pressed with 25 S, later, the mold was slowly raised, and the value was determined. Table 5 

shows that the operability ranges from 230 to 260 mm.  Both control mixture as well as other 

mixtures had fairly acceptable workability. The flow of the control mixture is 260 mm which 

indicates very good fluidity. For other blends, the workability of each blend was less than M0 

because the incorporation of the fibers, but they also have sufficient fluidity. 

                               Table 5. Fresh concrete properties results.     

Mixture  Slump flow 

(mm) 

M0 260 

3SF 250 

0.75SF0.25PP 245 

0.5SF0.5PP 241 

0.25SF0.75PP 236 

3PP 230 

 

3.3. Properties of hardened concrete 

Production characteristics of hardened concrete such as flexural strength, modulus of 

elasticity, and compressive strength, within two days and seven days, as shown in Table 6. 

The data in the table are the averages of three samples.  

Table 6. Hardened concrete properties results. 

Mix.N

O 

two-day experimental 

results 

Seven-day experimental 

results 

fc 

(MPa) 

f

s(MPa) 

f

r(MPa) 

Fc

(MPa) 

fs

(MPa) 

fr

(MPa) 

M0 
8

0 

5

.6 

0

.84 

69

.3 

7.

5 

1.

42 

3SF 
8

5 

1

2.7 

1

2.4 

10

2 

1

4.5 

2

1.1 

0.75SF

0.25PP 

8

9 

1

2.9 

1

2.7 

10

5 

1

5 

2

2.4 

0.5SF0

.5PP 

7

6.35 

1

1.03 

9

.15 
98 

1

2.69 

1

6.3 

0.25SF

0.75PP 

6

9.3 

1

0.4 

5

.2 
85 

1

1.4 

8.

03 

3PP 
8

2 

8

.5 

2

.3 
81 

9.

1 

4.

4 

Note: fs; splitting strength, fr; flexural strength, fc; compressive strength, Ec; elastic modulus. 
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3.4. Compressive strength 

This test has been performed in line with [ASTM C109, 2008 ASTM C109 / C109M, 

2008]. Several mixing experiments were ready for each batch of UHPC 50x 50x50 mm 

concrete cubes. Table 7 shows the mean values obtained from three samples that were 

prepared and evaluated. Fig. 6 displays the samples after the compressive strength test. By 

dividing the highest load across the loaded area, the sample compressive strength in (MPa) is 

revealed: 

          
 

 
                                                                                                                                 (1)  

Where: 

 a = sample cross-sectional area, P = maximum load applied across the cube sample during. 

 

Table 7.  Develop compressive strength. 

 

                Note: f c; compressive strength, f c−28d/90d; standard deviation. 

 

(a)   (b)                                                   (c) 

  Fig. 6: Test sample failure under pressure: (a) M0, (b) 3SF and (c) 0.5SF0.5PP. 

Mix NO 
f 

c−28d 

f

c−90d 

f c−28d /f c-

90d 

M0 
9

0 

1

10 
0. 82 

3SF 
1

35 

1

52 
0.88 

0.75SF0.25P

P 

1

38 

1

55 
0.89 

0.5SF0.5PP 
1

30 

1

46 
0.89 

0.25SF0.75P

P 

1

20 

1

33 
0.90 

3PP 
9

3 

1

17 
0.79 
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3.5. Splitting tensile strength 

Regarding the splitting resistance of concrete, as shown in Table 8. The test outcomes 

have been between 12 and 18 MPa, the M0 mixture had the lowest cleavage resistance 12 MPa 

and the 0.75SF0.25PP mixture was the highest 18 MPa in 90 days. This suggests that the 

amount of steel fiber in concrete has a significant impact on its cleavage strength. Fig. 7 

depicts brittle failure in the control mixture, while the other mixes retained their original look 

after reaching the final load with no significant stress or deformation. 

            Table 8. Splitting tensile strength of UHPC mixture. 

Mix  fs-

2D 

fs-

7D 

fs-

28D 

fs-

90D 

M0 5.6 7.5 10.

6 

12 

3SF 12.

7 

14.

5 

16 17 

0.75SF0.25PP 12.

9 

15 17 18 

0.5SF0.5PP 11.

03 

12.

69 

14.

7 

15.

7 

0.25SF0.75PP 10.

4 

11.

4 

13.

5 

14 

3PP 8.5 9.1 12 12.

45 

            Not: fs; splitting strength. 

   
(a)         (b)                              (c) 

Fig .7. Comparison of splitting test results: (a) M0 samples, (b) 3SF and (c) 0. 5SF0.5PP. 
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3.6. Flexural strength 

       The twenty-eight-day bending strength of the concrete mixes was between 5 and 30 MPa, 

as illustrated in Table 9. The M0 mixture was lower bending resistance 5 MPa and the 

0.75SF0.25PP mixture had the highest 30 MPa. In general, the control mixture clearly showed 

brittle failure as displayed in Fig. 8-a, while the bending strength of the mixtures containing 

the hybrid fibers had greater load bearing ability and better bending performance than the M0 

because the steel fibers had the ability to fill the cracks as obvious in Fig. 8b. This indicates 

that steel fiber content can be a major element in bending concrete resistance. 

  

(a)                                                                         (b) 

Fig .8. The experimental specimen (a) 3SF and (b) M0 failed the flexion test 

Table 9. Flexural test preparation. 

Mix fr-2D fr-7D 
fr-

28D 

M0 2.84 3.42 5 

3SF 14.6 23.4 28 

0.75SF0.25PP 15 24.4 30 

0.5SF0.5PP 11.15 17.3 19 

0.25SF0.75PP 7.2 9.03 12 

3PP 3.3 4.4 6 

                     Note: fr, flexural strength. 
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3.7. Modulus of elasticity of concrete 

As shown in Figure 9, the modulus of elasticity of the samples reached by the stress-

strain curve according to the American standard ASTM C469 for twenty-eight days ranged 

between 36 and 43 GPa. Due to the lack of hybrid fibers, the M0 mixture had the lowest 

modulus of elasticity 36 GPa, while the 0.75SF0.25PP mixture had a higher modulus of 

elasticity 43 GPa. However, in the control mixture, it found little variation in the elasticity 

modulus for the fiber-containing concrete mixtures. It was as well found that polypropylene 

fibers had little effect on the modulus of elasticity. Especially for the 3PP.F and 0. 25St.F-0. 

75PP.F mixture, the modulus of elasticity at 28 days was almost higher than the modulus of 

the M0. 
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Fig. 9. Modulus of elasticity. 

3.8. Effect of high temperatures 
     All compressive strengths of mixtures were examined after exposure to high temperatures 

in an electric oven to understand the impact of high temperatures on the mechanical quality of 

UHPC. In general, in the blaze test, the electric oven warming ratio demonstrated powerful 

effects. In this study, the target temperature (800°C) was reached with a warming average of 

20, 15, 10, and 4°C/minute, and the oven temperature was maintained for an extra 30 min. 

However, as seen in Fig. 11a–d, this resulted in sample fragmentation in all of the aforesaid 

scenarios. To obtain the goal temperature (200°C), the heating rate was changed to 

2°C/minute, and the temperature was sustained for 0.5 hours, as shown in Fig. 11e. There 

were three types of temperature extremes: 400, 600, and 800 degrees celsius. After the target 

temperature was reached, the temperature was maintained for half-hour. The oven was then 

turned off to allow the samples to cool to room temperature naturally. Fig. 10 shows the 

results of the compressive strength test before and after exposure to temperatures of 200 °C 
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after 28 days of normal treatment. After heating the 0.75SF0.25PP sample to the required 

temperature for 0.5 hours, cooling naturally in an electric furnace, and leaving for 24 hours, 

the compressive strength reached 150 MPa. 
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Fig.10. Results of the properties of hardened concrete for 28 days before and after exposure to 

temperatures of 200 ° C. 

Fig. 11. Samples rupture after high temperature: (a) M0 at a target temperature of 200°C, (b) 3 

St. F at a target temperature of 400°C, (c) 0. 75St.F0.25PP. F at a target temperature of 600°C, 

(d) 0. 5St.F0. 5PP.F at a target temperature of 800°C, (e) 0.25St. F - 0. 75PP.F at a target 

temperature of 500°C, and (f) 3PP.F at a target temperature of 200°C. 

   

   

(d) (e) (f) 

(a) (b) (c) 

(d) (e) 
(f) 
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4. Conclusions                                                                

     In this paper PP. F and St. F were added with different volume contents (0%, 0.25%, 

0.75%, 0.5, and 3%). The effect of St. F and PP. F on the mechanical properties (compressive 

strength, tensile strength, bending strength, fire test, and modulus of elasticity) of UHPC were 

evaluated. According to the tests, the results can be summarized as follows: 

 The workability of UHPC with the addition of PP. F decreased by 1.2%, 1.6%, 2.4%, 

and 3.5% with the use of PP. F (0.25%, 0.75%, 0.5% and 3%) respectively compared 

the control mixture. In contrast, UHPC workability was increased by up to 2% in St. F 

compared to PP.F. 

 

 The study shows that increasing the amount of polypropylene fibers in the mixture 

reduces the density of the UHPC, which is related to the increased porosity in the 

sample. However, when the amount of steel fibers increases, the density increases. 

 

 The results indicate the addition of hybrid fibers improve the mechanical properties of 

UHPC compared to mono fibers. The 0. 75St.F-25PP.F mixture is an ideal mixture 

compared to other hybrid mixtures, resulting in compressive strength of 155 MPa. The 

tensile strength, bending strength, increase by 3% with the increase in the proportion 

of hybrid fibers. This indicates that the hybrid fibers achieve acceptable adhesion as 

they serve to enhance the sustainability of tensile stresses. Adding fibers to UHPC 

alters crack patterns, reduces crack appearance, and limits crack expansion in the 

concrete sample. On the flip side, it helps prevent components from falling upon 

failure. 

  

 The research also showed that 0. 75St.F0. 25PP.F has a 28-day compressive strength 

of 138 MPa before temperature exposure to UHPC. The compressive strength of the 

sample did not decrease significantly after exposure to 200 °C, in fact, it increased by 

9%. Due to the drying effect caused by the high temperature, the strength of the 

sample was slightly increased. As a result, the concrete matrix did not degrade as a 

result of fire damage. The high temperature of the concrete sample caused the concrete 

matrix to deteriorate and crack when the fire damage was more than 400, 600°C. 
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