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A B S T R A C T 

In this study, different polypropylene type polymer fiber additives were comparatively 

examined carrying out a series of EFNARC plate (slab) loading test, which is a popular 

test for evaluation of the shotcrete liner performances. A new fiber type called microgrid 

fiber (MGF) was compared with the conventional polypropylene fiber (PPF) additives. 

Shotcrete mixes were tested to determine their load bearing, deformability and energy 

absorption capacity properties. Additionally, indirect (splitting) tensile strength (ITS) 

values of specimens were determined to compare influences of different fiber types. 

According to the slump test findings, the workability of the fresh mixes decreased with an 

increase in fiber content. It was determined that the workability properties of conventional 

PPF and MGF added specimens were similar. However, it was found that the MGF type 

additive reduced the fresh mix workability more than the PPF additive due to the increase 

in the fiber content. It was found that MGF additive was found to supply better 

improvements in ITS values, load bearing and energy absorption capacity properties of 

slabs in comparison with the conventional PPF additive. The new MGF type additive was 

assessed to be usable to effectively improve the shotcrete performances. 

1 Introduction 

Shotcrete is a widely used liner material in mining and geo-engineering works. It supplies important advantages in 

engineering because of needing no molds and allowing relatively fast applications. Shotcrete liners are primary support 

elements for rock masses, which are sprayed on the excavation surfaces using the compressed air. To improve the load 

bearing performances of the shotcrete liners, various reinforcement methods like use of meshes or fiber additives can be 

preferred. Instead of using meshes, fiber contents can supply more practical applications because of eliminating the mesh 

setting time and extra labor costs. Fiber additives are popular products used to improve the tensile strength of shotcrete 

materials, improve crack propagation resistance, ductility and energy absorption capacity values [1-3]. The most commonly 

used fiber materials in concrete mixes are steel and polymer (synthetic) ones. Against the corrosion problem of the steel fiber 

products, non-corrosive polymer fibers provide significant advantages in terms of the service life times of the concrete 
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materials. In terms of the shotcrete mixes, the corrosion problem is also disadvantageous especially for excavations in moist 

or watery rock masses. The corroded steel fiber has a negative effect on the mechanical properties of shotcrete materials by 

reducing the strength values. For this reason, polymer fiber types with high chemical resistivities are used in shotcrete 

mixtures. Polypropylene type engineering polymer is one of the most common synthetic plastic fiber material [4-6]. Typical 

polypropylene fiber strand lengths vary from 1 cm to 5 cm, and strand diameters of different products generally vary within 

a range from 30 to 250 micrometers. Ideal length and diameter properties of the geofiber strands can change depending on 

the concrete material content, aggregate particle sizes and application detals. For instance, long fiber lengths are not preferred 

in shotcrete mixes because of supplying proper sprayability properties. For typical fiber additives, nozzle diameter should be 

at least 1.5 times higher than the fiber length [7-9].   

In this experimental study, use of a new polypropylene fiber type called microgrid fiber (MGF) has been investigated to 

assess its effect on the strength and deformability properties of a shotcrete mix. This study is a novel and pioneering one to 

investigate the use of MGF added shotcrete mixes. MGF is the combination of thin plastic fibers in groups of two or more 

different directions which form mini grids (Fig. 1). The “microgrid” term is suggested to use for grid sizes below 2.5 mm. In 

studies conducted by authors other than the author of this study, the MGF-type fiber was tested only for soil improvement 

purposes. It was noted that MGF-type fiber additives provide higher performance in terms of sand reinforcement and stiffness 

increase compared to conventional fibers [10]. In previous investigations carried out by the author of this study, MGF was 

also used in some different binder added sand and cementitious minefill mixes and found to supply better reinforcement 

performances than those of the conventional fiber (PPF) additives. It was found that MGF additives supply better compressive 

and tensile strength improvement performance in comparison with the conventional PPF additives. Instead of the 

conventional fiber use, modulus of elasticity values were also higher in the case of using novel MGF additive. In addition, 

the ductility property was found to be better improved using the MGF additive [11-13]. As same with this study, MGF and 

PPF products were made of the same polypropylene type fiber in the studies aforementioned above. Also, MGF and 

conventional fibers with same lengths were used within previous studies. As a novelty of this study, microgrid fibers were 

used as a new fiber additive for shotcrete mixes. 

As a motivation of this study, a bettered adherence performance in concrete mixes was estimated from MGF additives 

because combined fibers can work together in their use. Also, the MGF reinforcement was predicted to provide a bettered 

adherence in the shotcrete mixes due to its structural properties. In addition, grid type physical property was thought to make 

an additional friction coefficient for the aggregate contacts by attaching grain edges to the grids. Grid type reinforcement 

inclusions can provide an interlocking mechanism with the grains [14-16]. A good adherence property of the reinforcement 

provides a significant advantage not only in the strength values, but also in the crack propagation resistance, as well as the 

energy absorption capacity of the fiber reinforced concrete materials [17-19]. 

Use of conventional fiber additives and new MGF additives in typical shotcrete mixes was comparatively examined in 

this study to evaluate whether the new MGF type additive provides an advantageous reinforcement for shotcrete mixes, or 

not. In addition to the strength properties of the shotcrete mixes, their workability properties were also tested to better 

investigate the usability of the new MGF type additive in shotcrete mixes. Differences in strength values and deformability 

properties of specimens were investigated. The novel MGF type additive’s convenience was aimed to assess in terms of its 

reinforcement effect in the shotcrete mixes. Details about the experimental study carried out within this research are given 

under the next section. 

2 Materials and Methodology 

A typical shotcrete mix was examined in this study. The shotcrete mix tested in this study is used with meshes in an 

underground copper mine located in the Black Sea Region of Turkey. The specimen with no fiber additive (NF) is the 

shotcrete mix itself used in the mine. The content details of specimens can be seen in Table 1. In this study, MGF and 

conventional PPF type different fiber additives were used in the shotcrete mix to compare their reinforcement performances 

and investigate the usability of MGF type noval fiber additive type. Typical shotcrete mixes generally do not contain coarse 

aggregates over 12 mm size and have a higher amount of fine aggregate compared to the molded concrete materials. The 

maximum particle size of the aggregate used in the study is also 12 mm. 66% of the aggregate has the particle sizes below 4 

mm and 34% has particle sizes between 4 mm and 12 mm. Since shotcrete applications are carried out without using molds 

and it is aimed to start bearing loads in a short time, the accelerator type chemical additives are preferred to use. In order to 

provide suitable fluidity for spraying, fine aggregate usage requires a higher amount of water than those in the concretes with 
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the coarse aggregate content. In the tested shotcrete mixes, a plasticizer chemical additive was used with an amount of 1% of 

the cement by mass. CEM 1 42.5 R type ordinary Portland cement which is a product of a Turkish cement company located 

in the Unye district of Ordu city was used in the mixes. 

Densities of polypropylene fiber materials are quite low in comparison with steel fiber materials. This situation allows 

polypropylene fibers to be used in much less masses in concrete mixes. To compare with newly investigated MGF additive, 

a conventional polypropylene type fiber (PPF) product was also tested in this study. It should be noted herein that both MGF 

and PPF products were purchased from the same supplier and made of the same polypropylene type fiber material with tensile 

strength, modulus of elasticity and density values of 350 MPa, 4.5 GPa, 0.93 g/cm3, respectively. For a proper comparison, 

all the fiber additives used in this study have same strand diameter and fiber length values. Strand diameter of MGF and PPF 

additives is 0.25 mm. As another size parameter, length of both MGF and PPF type fibers is 20 mm. MGF additives with 

width to length ratio (B/L) values of 0.5 were used in the mixes. The MGF type fiber additive used in this study has the grid 

size of 1.2 mm. Content details of tested shotcrete mixes are given in Table 1.  

Table 1 - Mass proportions of the specimen mixes (Ms: Sum of cement+water+aggregate masses, Mc: mass of 

cement, NF: no fiber use) 

Specimen 

type 
Cement Water 

Aggregate 

(0-4 mm) 

Aggregate 

(4-12 mm) 
Plasticizer PPF MGF 

NF 0.19 Ms 0.10 Ms 0.47 Ms 0.24 Ms 0.01 Mc 0 Ms 0 Ms 

PPF (0.2%) 0.19 Ms 0.10 Ms 0.47 Ms 0.24 Ms 0.01 Mc 0.002 Ms 0 Ms 

PPF (0.4%) 0.19 Ms 0.10 Ms 0.47 Ms 0.24 Ms 0.01 Mc 0.004 Ms 0 Ms 

PPF (0.6%) 0.19 Ms 0.10 Ms 0.47 Ms 0.24 Ms 0.01 Mc 0.006 Ms 0 Ms 

MGF (0.2%) 0.19 Ms 0.10 Ms 0.47 Ms 0.24 Ms 0.01 Mc 0 Ms 0.002 Ms 

MGF (0.4%) 0.19 Ms 0.10 Ms 0.47 Ms 0.24 Ms 0.01 Mc 0 Ms 0.004 Ms 

MGF (0.6%) 0.19 Ms 0.10 Ms 0.47 Ms 0.24 Ms 0.01 Mc 0 Ms 0.006 Ms 

 

Fig. 1 – MGF and PPF type fibers  

In the slump test, workability properties of specimens with four different fiber content amounts of 0%, 0.2%, 0.4%, 0.6% 

were investigated for the use of each fiber types. The slump test is a popular method to investigate the workability properties 

of fresh concrete mixes. The slump value is an important indicator for the ease of transferring and flowability properties of 

the fresh concrete mixes. The test is popular due to the simplicity of the testing equipment and its simple procedure. The 

slump test was carried out in accordance with the ASTM C143/C143M-12 coded standard [20]. The cone mould with the 

upside diameter of 10 cm, downside diameter of 20 cm and the height of 30 cm was filled in three layers. Volume of each 

layers were approximately one third of the mold volume. Fresh mixes were tamped with 25 strokes of the standard tamping 

rod to remove air after filling each layers. As the cone is full, topside of specimens were leveled by removing excess fresh 



436 JOURNAL OF MATERIALS AND ENGINEERING STRUCTURES 12 (2025) 433–443 

 

concrete. Then, the mold was removed from the concrete by raising it carefully in the vertical direction. As the cone vertically 

lifted, the slump value which is the height difference between the top of the cone and the demolded fresh mix was measured 

(Fig. 2). The slump values of fiberless, MGF added, PPF added mixes were separately determined to compare their 

workability properties for different fiber contents in the mixes. 

 

Fig. 2 – a) The slump test, b) slab casting, c) slab specimens casted in the laboratory 

In addition to the slump test, the EFNARC plate (slab) loading test which is a popular test for determination of the 

shotcrete material performances were carried out. The slab loading test is a type of three dimensional flexural strength test 

applied on the slab specimens with dimensions of 60 cm x 60 cm x10 cm. The test was carried out in accordance with the 

EFNARC shotcrete testing guide [21]. According to the relevant testing details, the loading rate was chosen to be 0.3 kN/s. 

In the slab loading test, load (kN) and deflection (mm) data is used to calculate the energy absorption capacity (EAC) values 

of concrete materials in the unit of Joule (J:N·m). The area under the load deflection graph gives the EAC values. Areas 

under the graphs have been calculated considering the changes in load values for the 0.1 mm deflection increase sensitivity. 

The slab loading test supplies information about load bearing, stiffness, ductility and EAC properties of the shotcrete mix 

specimens. To measure the deflection of slab specimens, an LVDT device was used in the test. According to the relevant 

standard, loading was continued until reaching the 25 mm deflection of the fiber added specimens. On the other hand, fiberless 

specimens could not be loaded until the 25 mm deflection because of their early failure due to the high brittleness property. 

With an increase in the ductility property, the deformability limits of the cracked specimens increase. Therefore, the fiber 

added specimens can be deformed more by supplying bettered EAC values. The maximum load level and EAC values of 

specimens with different fiber types were investigated within the EFNARC slab loading test. The 60 cm x 60 cm specimens 

are placed on the steel frame with 50 cm x 50 cm opening size, and loaded by 5 cm diameter steel platen placed on the center 

of the slabs (Fig. 3). The LVDT was contacted under the slabs at the middle span of the frame to measure the deflection 

values during the loading period. Shotcrete mix specimens were homogenized for eight minutes in a drum mixer. Then 

specimens were casted in the molds with 60 cm x 60 cm x 10 cm dimensions.  

Shotcrete mixes of the slab loading test were casted in two layers and compacted with 80 strokes of the tamping rod after 

each of the layers. Tamping rod strokes were moved on all of the surface area of the layers. After casting layers, up-side 

surfaces of the fresh slabs were flattened by using a trowel. Mixes with different fiber types were preferred to have the same 

workability properties. For this reason, MGF and PPF added concrete specimens with 0.2% fiber content were tested in the 

slab loading test. By this way, fiber added shotcrete mixes with the same slump value were compared to assess whether the 

new MGF type additive is advantageous, or not. In the study, all shotcrete specimens were casted and molded with the same 

procedure. Slab loading test specimens with a total curing time of 28 days were used in the experiments. The slab specimens 

were cured in air and room temperature conditions. 
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Fig. 3 – a) LVDT device montage, b and c) some photos from the slab loading test 

The EFNARC plate (slab) test which is a popular method used to examine shotcrete performances is a three dimensional 

flexural strength test. Tensile stresses occur in materials subjected to the flexural effect. For this reason, flexural strength 

tests are a type of indirect tensile tests. Shotcrete liners are usually subjected to tensile stresses due to the loads coming from 

the rock masses. For this reason, determination of the tensile strength values of shotcrete mixes is important in the selection 

of the appropriate material design. The quality of the shotcrete liner is a determinative factor in terms of support design 

processes. The impracticality of the method for direct tensile strength tests of concrete specimens has led to the more 

widespread use of indirect tensile strength tests. The most popular one in the indirect tensile strength test methods is the 

splitting (Brazilian) tensile strength (BTS) test. Because, the BTS test can be practically performed using a compressive 

strength test press. 

The BTS test specimens were filled into the moulds in three layers and compacted using tamping rods after each layers. 

The up-side surfaces were flattened and roughness of the surfaces of the specimens was gently removed by using a steel ruler. 

In the BTS test, 10 cm × 20 cm cylindrical specimens were tested in accordance with the statements of the TS EN 12390–6 

coded Turkish standard [22]. The loading rate of the BTS test specimens was selected as 0.02 MPa/sec. According to the 

relevant standard, two metal loading strips with the width of 20 mm, thickness of 3 mm and length of 200 mm were placed 

on and under the cylindrical specimens (Fig. 4). In the BTS test, horizontal tensile stresses are indirectly induced as cylindrical 

specimens are diametrically compressed in the vertical direction. BTS strength values were calculated as seen in Equation 1 

[22]. 

 BTS= 2P/(πdt)  (1) 

where, t is the length, d is the diameter of specimens and P is the maximum load in the BTS test. As in the EFNARC 

test, PPF and MGF added specimens with 0.2% fiber content were compared in the BTS test. Preferring 0.2% fiber content 

in the test is for the purpose of comparing concrete mixes with the same slump value, as stated above. Additionally, 0.4% 

fiber content case was also tested in the BTS test to obtain a further idea on a different fiber amount usage. 

 

Fig. 4 – a) Brazilian (splitting) tensile strength (BTS) test specimens, b) a photo from the BTS test  
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3 Results 

The slump test results are given in Table 2. As seen from the results, slump values decreased with an increase in the fiber 

content. The PPF and MGF gave same slump values for the fiber content of 0.2%. MGF added specimens were determined 

to have a bit lower workability for the 0.4% fiber content case. On the other hand, slump values of the PPF and MGF added 

specimens with the 0.6% fiber content were found to be significantly different. For this reason, specimens with 0.2% fiber 

content were tested in slab loading experiments in order to compare mixes with the same slump value and the workability 

property. The load bearing capacity and EAC values of the slab specimens are given in Table 3. Load deflection graphs 

obtained from the slab loading test are given in Fig. 5. According to the findings, fiber additive significantly increased the 

bearing capacity and EAC values. Specimens containing MGF type fiber additive provided higher bearing capacity and EAC 

values compared to those of the specimens with the conventional PPF additive. To express it quantitatively, it can be noted 

that MGF provided 14% higher mean load bearing capacity and 22% higher mean EAC values in comparison with the 

conventional PPF additive. Load bearing values for different deflection levels of the slab specimens are given in Table 4. It 

was found that the fiberless specimens have notably lower load values than those of the specimens with fiber additives. As 

another outcome, the MGF additive was evaluated to supply significantly higher load bearing values for a same deflection 

case, in comparison with the conventional PPF type fiber. The BTS test results are given in Table 5. As seen from the table, 

both fiber additives were found to supply remarkable increases in the BTS values in comparison with the strength values of 

fiberless specimens. Rather than the conventional PPF fiber, the MGF additive was assessed to be a better choice in terms of 

improvements in the indirect tensile strength values of shotcrete mixes. To compare different fiber additives used in this 

study, the MGF added specimens can be noted to supply up to 27% higher BTS values compared to the PPF added ones.   

Table 2. Slump test results 

Specimen type Slump value 

NF 19 cm 

0.2% PPF 18 cm 

0.4% PPF 16 cm 

0.6% PPF 13 cm 

0.2% MGF 18 cm 

0.4% MGF 15 cm 

0.6% MGF 11 cm 

Table 3. Maximum load (Fmax) levels and Energy absorption capacity (EAC) values  

Specimen type Fmax  in mean (kN) EAC in mean (J) 

NF mix 58.6 219 

PPF added mix (0.2% PPF) 81.9 957 

MGF added mix (0.2% MGF) 93.1 1168 

Table 4. Mean load values at various deflection levels (F5: Load at 5 mm deflection, F10: Load at 10 mm deflection, 

F15: Load at 15 mm deflection, F20: Load at 20 mm deflection, F25: Load at 25 mm deflection) 

Specimen type F5 (kN) F10 (kN) F15 (kN) F20 (kN) F25 (kN) 

NF mix 53.0 - - - - 

PPF added mix (0.2% PPF) 80.7 51.4 35.9 26.5 19.8 

MGF added mix (0.2% MGF) 91.5 59.0 40.2 31.3 26.4 
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Table 5. Mean BTS values of specimens 

Specimen type BTS (MPa) 

NF mix 3.27 

0.2% PPF added mix 4.05 

0.4% PPF added mix 3.91 

0.2% MGF added mix 4.63 

0.4% MGF added mix 4.98 

 

Fig. 5- Load and deflection graphs obtained from slab specimens (R: Replicate) 
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Fig. 6- BTS test results 

4 Discussions 

The main reasons for using fiber additives in concrete mixes are to increase load bearing capacity values, improve 

ductility and EAC properties [23-25]. It is an ideal situation for shotcrete liners to provide high bearing capacity, high crack 

propagation resistivities, proper ductility and EAC properties. For this reason, using the right amount of fiber provides a great 

advantage. Fiber additive must be used in a correct amount in mixes. Excessive fiber contents which are higher than a 

threshold level can cause decreases in the strength values [26-28]. Excessive amount of fiber use is also disadvantageous 

because of causing improper workability properties. According to the findings of relevant studies, the slump value decreases 

with an increase in the fiber content. Excessive fiber content causes the notable increases in the void ratio and hence 

remarkable decreases in the strength values. As parallel, BTS test results of the PPF added specimens with 0.2% fiber content 

were found to be higher than those of the 0.4% PPF added specimens. This situation shows that using 0.4% conventional 

PPF content is not economically applicable. Therefore, it shows for the 0.4% fiber content that the limited decreasing in the 

slump value of the MGF added specimens can be assessed as no quite important. Although the MGF additive negatively 

affects workability in the case of high fiber contents, it has been determined that it provides an improved strength increase in 

strength values compared to specimens with PPF additives. 

According to the results, MGF type new fiber additive supplied better load bearing and EAC values than those of the 

specimens with the conventional PPF additive. The findings of this study confirmed that the MGF type new fiber additive 

has a bettered adhesion performance in the shotcrete mixes. An improvement in the adhesion property makes the shotcrete 

mixes to have bettered crack propagation resistivities and ductility properties [29-31]. The improved ductility property 

directly increases the EAC values as a result of increases in the deformation limits of the cracked liner material. Liner 

materials that have the ability to bear a significant amount of load after the crack initiation and have a high deformability 

limit without a complete failure are advantageous in terms of shotcrete applications [32-34]. For this reason, the properties 

provided by the new MGF type fiber additive as a novel shotcrete fiber were found more advantageous and preferable 

compared to conventional fibers.  

Within the scope of this study, EFNARC slab loading tests which are widely used to determine the load bearing and EAC 

properties of shotcrete materials were carried out. This study is a pioneering study on the usability of the new MGF type fiber 

additive in shotcrete mixes. It is hoped that it will benefit new researches on the subject. New research will be beneficial for 

a better understanding of the advantages of MGF usage. There are many different topics that can be examined within further 

researches on the use of MGF type fiber in shotcrete mixes. For instance, MGF geometry, grid dimensions, material selection, 

grain size and concrete content details can be listed as some further research topics to investigate their effect.  

It was found that MGF additive provides better increases in the mechanical properties of shotcrete mixes when the same 

amount of fiber is used. This outcome confirms that the MGF can be used more economically compared to conventional 

fibers. The MGF additive increased the maximum load bearing capacity values of EFNARC test slabs by 14% and EAC 
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values by 22% compared to PPF additive. By carrying out different investigations on the effect of MGF in shotcrete mixes, 

it is possible to develop new commercial products. 

In addition to the slab loading test, MGF added shotcrete mixes were also determined to supply higher strength values 

according to the BTS test results. It was evaluated that MGF added specimens provided 80% and 30% higher BTS values 

compared to fiberless and conventional PPF fiber added mixes, respectively. According to the results, it was assessed that 

the MGF additive provides a remarkable advantage by significantly increasing the tensile strength of the shotcrete mixes. 

Since shotcrete materials are sprayed with compressed air, the void ratio is higher than those in the molded concrete 

materials. In addition, the void ratio values of molded concretes are reduced due to the compaction processes by the vibration 

machines, tamping rods and etc. This situation positively influences the strength values of mold concretes. Therefore, mold 

concretes generally have higher strength values compared to shotcrete materials [35-38]. For this reason, to evaluate shotcrete 

performances, it will be beneficial to take into account the strength values of sprayed specimens. The results obtained from 

the shotcrete mix specimens of this laboratory study encourage to test MGF additive within site studies by using professional 

shotcrete robots to prepare the sprayed specimens. 

5 Conclusion 

It can be concluded that the MGF was found to better improve both load bearing and EAC properties of shotcrete mixes, 

against the conventional PPF type fiber. The new MGF additive was found to be more advantageous to increase the tensile 

strength and ductility properties of shotcrete mixes. In the near future, numerous new topics can be studied regarding novel 

MGF products with different designs and their uses in various shotcrete mixes. Considering the findings from this study, 

MGF type new fiber additives can be estimated to become more popular in the shotcrete liner works of the construction 

industry. 

REFERENCES 

[1]-  S.B. Gayake, A.K. Desai, S.Y. Kute, Optimizing concrete mixtures through multi-criteria decision making: a focus 

on splitting tensile strength in partially set concrete. J. Mater. Eng. Struct., 11 (2024) 143-154. 

[2]-  T. Zhang, D. Pan, Mechanical properties of steel-polypropylene hybrid fiber reinforced concrete in building 

structure: steel-polypropylene hybrid fiber reinforced concrete in building structure. Stavební Obzor-Civil Eng. J., 

30(2) (2021) 501-512. https://doi.org/10.14311/CEJ.2021.02.0037 

[3]-  M.A. Mujalli, S. Dirar, E. Mushtaha, A. Hussien, A. Maksoud, Evaluation of the tensile characteristics and bond 

behaviour of steel fibre-reinforced concrete: an overview. Fibers, 10 (2022) 104. 

https://doi.org/10.3390/fib10120104 

[4]-  R.P. Manfredi, F. de Andrade Silva, Test methods for the characterization of polypropylene fiber reinforced 

concrete: a comparative analysis. KSCE J. Civ. Eng., 24 (2020) 856-866. https://doi.org/10.1007/s12205-020-0741-

7 

[5]-  J.D. Ríos, H. Cifuentes, C. Leiva, C.M.P. Ariza, M. Ortiz, Effect of polypropylene fibers on the fracture behavior 

of heated ultra-high performance concrete. Int. J. Fract., 223 (2020) 173-187. https://doi.org/10.1007/s10704-019-

00407-4 

[6]-  D. Altalabani, S. Linsel, D.K.H. Bzeni, Rheological properties and strength of polypropylene fiber-reinforced self-

compacting lightweight concrete produced with ground limestone. Arab. J. Sci. Eng., 45 (2020) 4171-4185. 

https://doi.org/10.1007/s13369-020-04410-z 

[7]-  S.A.A. Shah, M.A.A. Gul, T. Naqash, Z. Khan, M. Rizwan, Effects of fiber reinforcements on the strength of 

shotcrete. Civil Eng. Archit., 9(1) (2021) 176-183. https://doi.org/10.13189/cea.2021.090115 

[8]-  C. Yu, X. Chen, Y. Tian, M.J. Garba, X. Zhou, Z. Xie, Q. Yuan, Characterization methods and improvement 

strategies of shotcrete shootability: a systematic review. Arch. Civ. Mech. Eng., 25 (2025) 78. 

https://doi.org/10.1007/s43452-025-01119-4 

[9]-  H. Liao, Y. Fang, Z. Yao, T. Yu, H. Luo, N. Zhu, Y. Wang, M. Li, Effects of fiber and rubber materials on the 

dynamic mechanical behaviors and damage evolution of shotcrete under cyclic impact load. J. Build. Eng., 73 (2023) 

106763. https://doi.org/10.1016/j.jobe.2023.106763 

[10]-  B. Leshchinsky, T.M. Evans, J. Vesper, Microgrid inclusions to increase the strength and stiffness of sand. 

Geotextiles Geomembr., 44 (2016) 170-177. https://doi.org/10.1016/j.geotexmem.2015.08.003 



442 JOURNAL OF MATERIALS AND ENGINEERING STRUCTURES 12 (2025) 433–443 

 

[11]-  E. Komurlu, A.G. Celik, V. Karakaya, An experimental study on uniaxial compressive strength values of silicate 

based resin added sand samples with different types of fiber reinforcements. Yerbilimleri, 45(1) (2024) 79-92. 

https://doi.org/10.17824/yerbilimleri.1357103 

[12]-  E. Komurlu, Use of microgrid fiber as a new reinforcement additive to improve compressive strength and ductility 

properties of cement stabilized sands. Civ. Eng. Infrastruct. J., (2024). 

https://doi.org/10.22059/ceij.2024.376780.2064 

[13]-  E. Komurlu, Use of microgrid fiber as a new reinforcement additive to improve compressive and tensile strength 

values of cemented rock fill mixes. Int. J. Min. Reclam. Environ., 37(10) (2023) 760-768. 

https://doi.org/10.1080/17480930.2023.2266200 

[14]-  E. Komurlu, A comparative investigation on the effect of microgrid fiber type new geosynthetics on the CBR values 

of a silty sand type soil. In Proceedings: National Symposium on Engineering Geology and Geotechnics 2024 

(MühJeo 2024), Nevşehir, Turkey, 2024, pp. 103-110. 

[15]-  M. Gu, J. Han, M. Zhao, Three-dimensional DEM analysis of single geogrid-encased stone columns under 

unconfined compression: a parametric study. Acta Geotech., 12 (2017) 559-572. https://doi.org/10.1007/s11440-

017-0547-z 

[16]-  M.M. Hajitaheriha, D. Akbarimehr, A.H. Motlagh, H. Damerchilou, Bearing capacity improvement of shallow 

foundations using a trench filled with granular materials and reinforced with geogrids. Arab. J. Geosci., 14 (2021) 

1431. https://doi.org/10.1007/s12517-021-07679-y 

[17]-  M. Anas, M. Khan, H. Bilal, S. Jadoon, M.N. Khan, Fiber reinforced concrete: a review. Eng. Proc., 22 (2022) 3. 

https://doi.org/10.3390/engproc2022022003 

[18]-  M.M. Khabiri, B. Ebrahimialavijeh, Effect of freezing and thawing on the strength and durability of sandy subgrade 

containing fibrillating network fiber for pavement. Stavební Obzor-Civil Eng. J., 29(2) (2020) 160-168. 

https://doi.org/10.14311/CEJ.2020.02.0014 

[19]-  C. Lin, T. Kanstad, S. Jacobsen, G. Ji, Bonding property between fiber and cementitious matrix: A critical review. 

Constr. Build. Mater., 378 (2023) 131169. https://doi.org/10.1016/j.conbuildmat.2023.131169 

[20]-  ASTM C143/C143M-12: Standard Test Method for Slump of Hydraulic-Cement Concrete. 

https://www.astm.org/c0143_c0143m-12.html 

[21]-  EFNARC, 1996. European specification for sprayed concrete. Farnham, Surrey, GU9 7EN, UK. 

[22]-  TS EN 12390-6: Testing hardened concrete - Part 6: Tensile splitting strength fo test specimens. The Turkish 

Standards Institution, Ankara (2024). 

[23]-  A.S. Sayyad, R.A. Sayyad, A review of research on fiber reinforced concrete. J. Mater. Eng. Struct., 10 (2023) 581-

599. 

[24]-  R. Vijayalakshmi, A. Keerthana, A.K. Sree, J. Lavanya, L. Thithiksha, S. Dakshetha, Fresh and mechanical 

properties of lightweight aggregate concrete with scrap steel fiber reinforcement and bagasse ash. J. Mater. Eng. 

Struct., 11 (2024) 117-129. 

[25]-  X. Zhang, C. Ma, C. Liu, K. Zhang, J. Lu, C. Liu, Uniaxial tensile properties of steel fiber-reinforced recycled 

coarse aggregate shotcrete: Test and constitutive relationship. Constr. Build. Mater., 411 (2024) 134202. 

https://doi.org/10.1016/j.conbuildmat.2023.134202 

[26]-  L. Li, X. Zheng, J. Wu, X. Du, Y. Luan, Comparative study on the dynamic tensile properties of polypropylene and 

polyethylene fiber reinforced engineered cementitious composites under low to high strain rates. J. Build. Eng., 82 

(2024) 108221. https://doi.org/10.1016/j.jobe.2023.108221 

[27]-  T. Islam, M. Safiuddin, R.A. Roman, B. Chakma, A.A. Maroof, Mechanical properties of PVC fiber-reinforced 

concrete—effects of fiber content and length. Buildings, 13(10) (2023) 2666. 

https://doi.org/10.3390/buildings13102666 

[28]-  H. Huang, Y. Yuan, W. Zhang, L. Zhu, Property assessment of high-performance concrete containing three types 

of fibers. Int. J. Concr. Struct. Mater., 15 (2021) 39. https://doi.org/10.1186/s40069-021-00476-7 

[29]-  H.Z. Hassan, N.M. Saeed, Fiber reinforced concrete: a state of the art. Discov. Mater., 4 (2024) 101. 

https://doi.org/10.1007/s43939-024-00171-w 

[30]-  T.A. Mehmandari, D. Mohammadi, M. Ahmadi, M. Mohammadifar, Fracture mechanism and ductility 

performances of fiber reinforced shotcrete under flexural loading insights from digital image correlation (DIC). 

Insight - Civil Eng., 7(1) (2024) 611. https://doi.org/10.18282/ice.v7i1.611 

[31]-  G. Zhang, L. Li, H. Shi, C. Chen, K. Li, The influence and mechanism of polyvinyl alcohol fiber on the mechanical 



 JOURNAL OF MATERIALS AND ENGINEERING STRUCTURES 12 (2025) 443–443  443 

 

properties and durability of high-performance shotcrete. Buildings, 14(10) (2024) 3200. 

https://doi.org/10.3390/buildings14103200 

[32]-  C.K. Batan, S. Akdag, C. Zhang, J. Oh, M. Holden, P. Craig, P. Mikula, I. Canbulat, S. Saydam, Assessment of the 

Performance of Ground Support System in Burst-Prone Areas. Rock Mech. Rock Eng., (2024). 

https://doi.org/10.1007/s00603-024-04230-9 

[33]-  P. Oreste, C. Oggeri, G. Spagnoli, Fiber-reinforced shotcrete lining for stabilizing rock blocks around underground 

cavities. Transp. Geotech., 49 (2024) 101407. https://doi.org/10.1016/j.trgeo.2024.101407 

[34]-  E. Komurlu, Effects of rock and granular material horizontal stresses on support design. MSc Thesis, Karadeniz 

Technical University, Trabzon, Turkey, 2012. 

[35]-  K.K. Yun, M.S. Hossain, S.K. Kim, S. Han, Comparison of the performance of the steel fiber shotcrete and cast 

concrete considering accelerator types and core sizes from a tunnel site. KSCE J. Civ. Eng., 26 (2022) 2328-2341. 

https://doi.org/10.1007/s12205-022-1167-1 

[36]-  X.B. Luu, S.M. Han, Experimental and analytical investigation of RC beams strengthened by ultra-high 

performance shotcrete. Eng. Struct., 317 (2024) 118642. https://doi.org/10.1016/j.engstruct.2024.118642 

[37]-  E. Komurlu, A. Kesimal, Sulfide-rich mine tailings usage for short-term support purposes: An experimental study 

on paste backfill barricades. Geomech. Eng., 9 (2015) 195-205. https://doi.org/10.12989/gae.2015.9.2.195 

[38]-  W. Wang, S. Zhang, Y. Wang, J. Yuan, D. Niu, Pore structure characteristics of admixture shotcrete and its 

quantitative relationship with mechanical properties in high geothermal environment. J. Mater. Res. Technol., 28 

(2024) 643-654. https://doi.org/10.1016/j.jmrt.2023.10.190 


