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to carbide-slag-stabilized soil in this experimental study. The effects of fiber length and
fiber content on the unconfined compressive and indirect tensile strengths of carbide-
slag-stabilized soil were investigated. The concepts of the  density of fibers in solidified
soil and the number of fibers in a unit volume solidified soil were proposed, and the
effects of fiber distribution density on the mechanical properties of the solidified soil
were evaluated. The fibers increased the indirect tensile strength of the carbide-slag-
solidified soil, which was significantly higher than the unconfined compressive strength
of the solidified soil. The fibers had no significant effect on the unconfined compressive
and indirect tensile strengths of the 7 d carbide-slag-solidified soil but increased those
of the 28 d carbide-slag-solidified soil. The enhancement effect was the most
significant when a 0.3% content of 19 mm long fibers was incorporated into the
carbide-slag-solidified soil.
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Abstract 12 

Carbide slag has been used to prepare solidified soil to effectively reduce the stacking and disposal 13 

of carbide slag and achieve efficient resource utilization. Because of the significant brittleness and 14 

low strength of carbide-slag-stabilized soil, fibers were added to carbide-slag-stabilized soil in this 15 

experimental study. The effects of fiber length and fiber content on the unconfined compressive and 16 

indirect tensile strengths of carbide-slag-stabilized soil were investigated. The concepts of the  17 

density of fibers in solidified soil and the number of fibers in a unit volume solidified soil were 18 

proposed, and the effects of fiber distribution density on the mechanical properties of the solidified 19 

soil were evaluated. The fibers increased the indirect tensile strength of the carbide-slag-solidified 20 

soil, which was significantly higher than the unconfined compressive strength of the solidified soil. 21 

The fibers had no significant effect on the unconfined compressive and indirect tensile strengths of 22 
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the 7 d carbide-slag-solidified soil but increased those of the 28 d carbide-slag-solidified soil. The 23 

enhancement effect was the most significant when a 0.3% content of 19 mm long fibers was 24 

incorporated into the carbide-slag-solidified soil. 25 

Keywords 26 

fiber; carbide slag; unconfined compressive strength; indirect tensile strength; solidified soil 27 

 28 

Introduction 29 

The efficient treatment and utilization of carbide slag is the only approach to solve the 30 

environmental pollution problem of the carbide industry and achieve sustainable 31 

development. Many researchers have attempted to utilize calcium carbide slag for soil 32 

reinforcement [1–3], and the solidified soil has problems, such as low strength and toughness and 33 

susceptibility to cracking [4]. After more than four wetting–drying cycles, the compressive strength 34 

of the carbide-slag-stabilized soil fails to satisfy the strength requirements of the subgrade [5,6]. 35 

Using fibers to stabilize soil is an effective soil reinforcement technique. Fibers can 36 

significantly increase the strength and toughness of soil and solve soil cracking problems [7,8]. The 37 

addition of fibers effectively improves the tensile strain and reduces the cracking of specimens 38 

[9]. Artificial and natural fibers significantly improve the residual shear strength and unconfined 39 

compressive strength limits of soil [10]. Polypropylene fibers can improve the compressive strength, 40 

shear strength, and deformation resistance of cement-clay [11–13]. The incorporation of fibers had 41 

obvious effect on delaying the cracking of carbide slag stabilized soil specimens under load. 42 

[14]. The reinforcement effect of the fiber depends on the strength of the interface between the 43 

reinforcement and soil, and the mechanical interactions between the reinforcement and soil are 44 
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mainly adhesion and friction [15]. The stability mechanism of fibers in the soil can be summarized 45 

as “bending mechanism” and “intercrossing mechanism” [16]. The reinforcement effect of fibers in 46 

the soil is anisotropic [17]. When the orientation angle of a fiber is perpendicular to the direction of 47 

the strong contact force, the fiber exerts the maximum effect [18]. Fibers can improve the ductility 48 

and compressive resistance of reinforced soil and reduce the sensitivity of soil to water [19]. 49 

Currently, research on the effects of fiber length and fiber content on the properties of fiber-50 

stabilized carbide-slag-solidified soil has not been conducted extensively. 51 

In this study, fiber-stabilized carbide-slag-solidified silt was adopted as the research 52 

object. Based on unconfined compressive strength and indirect tensile strength tests, the effects of 53 

fiber length and fiber content on the performance of carbide-slag-solidified silt was investigated, 54 

and the optimum fiber length and content were determined. The concepts of the mass density of 55 

fibers in the solidified soil (DFS) and the root number of fibers in a unit volume solidified soil (NFS) 56 

were proposed. Moreover, the effects of fiber distribution density on the mechanical properties of 57 

the solidified soil were evaluated. 58 

 In this study, the properties of fiber-carbide slag-solidified silt were studied according to 59 

fiber length and fiber content. The research findings are expected to serve as a reference for applying 60 

fiber-stabilized carbide-slag-solidified soil in road engineering. It can protect the environment, 61 

improve the resource utilization efficiency of carbide slag, reduce the project cost, achieve 62 

sustainable development, and achieve remarkable economic and social benefits. 63 

 64 

Materials and methods 65 

Materials 66 
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The soil samples used for the tests were collected from the Airport, New Area of Langfang, 67 

Hebei Province, China. The study did not involve private or protected land. According to Test 68 

Methods of soils for Highway Engineering (JTG 3430-2020) [20], the physical indexes and particle 69 

gradation of test soil are determined. The physical indexes are listed in Table 1, and the particle size 70 

distribution is shown in Fig 1, where uC  and cC  are 13 and 1.06, respectively. Before the tests, 71 

the soil samples were crushed by soil milling and passed through a 2.36 mm square hole sieve. The 72 

soil collected under the sieve was used for testing. 73 

Table 1. Physical Indexes of Soil Used for Testing. 74 

Property 

ωL ωP  IP 

G 

σdmax OMC 

% % % g/cm3 % 

Value 31.1 22.8 8.3 2.45 1.86 12.15 

Carbide slag was purchased from Dezhou Shihua Chemical Co., Ltd. The raw calcium 75 

carbide slag had a high moisture content and a peculiar smell. After drying and dehydration, it was 76 

crushed by soil milling and passed through a 0.075 mm square hole sieve. The carbide slag under 77 

the sieve was used for the tests (Fig 2). The main components of the calcium carbide slag are listed 78 

in Table 2. The carbide slag contained a large amount of calcium oxide similar to that of quick lime 79 

and exhibited significant activity (Table 2). 80 

Table 2. Chemical Composition of Carbide Slag. 81 

The fibers were purchased from Changsha Ninxiang Building Materials Co., Ltd. 82 

Polypropylene fibers with lengths of 6, 12, and 19 mm were used for testing (Fig 3). According to 83 

Chemical compound CaO SiO2 Al2O3 Fe2O3 MgO Loss on ignition 

Content (%) 65.77 3.15 1.78 0.24 0.14 23.56 
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Testing Method for Length of Man-made Staple Fibers(GB/T 14336-2008) [21]  and Testing 84 

Method for Tensile Properties of Man-made Staple Fibers(GB/T 14337-2008) [22]，the physical 85 

and mechanical properties of the fibers are listed in Table 3. 86 

Table 3. Physical and Mechanical Properties of Polypropylene Fibers. 87 

Methods 88 

This study was divided into three steps to investigate the effects of the fiber length and 89 

content on the performance of fiber-stabilized carbide-slag-solidified silt, optimal fiber length and 90 

content, and effect of fiber distribution density on the mechanical properties of the solidified soil. 91 

(1) Compaction tests. The optimum moisture content and the maximum dry density of 92 

carbide-slag-solidified silt were determined according to “Compaction Test Method for Inorganic 93 

Binder Stabilized Materials” (T0804-1994). 94 

(2) Unconfined compressive strength tests. The unconfined compressive strength of fiber-95 

stabilized carbide-slag-solidified silt was determined according to the “Unconfined Compressive 96 

Strength Test Method for Inorganic Binder Stabilized Materials” (T0805-1994). 97 

(3) Indirect tensile strength test. The indirect tensile strength of fiber-stabilized calcium-98 

carbide-slag-solidified silt was determined according to “Indirect Tensile Strength Test Method for 99 

Inorganic Binder Stabilized Materials (Splitting Test)” (JTGE51-2009-T0806). 100 

Preparation of specimens  101 

Length 

(mm) 

Diameter 

(μm) 

Density 

(g/cm3) 

Tensile strength 

(MPa)  

E 

(MPa) 

Ultimate elongation 

(%) 

Melting point 

(°C) 

6/12/19 32.7 0.91 469 4236 28.4 169 
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The specimens were prepared using the method specified in “Inorganic Binder-Stabilized 102 

Material Specimen Production Method (Cylindrical)” (T0843-2009). Dried sieved carbide slag and 103 

silt were thoroughly blended at a mass ratio of 2:8. An appropriate amount of the fiber was 104 

proportionally added to the mixture and thoroughly stirred manually to fully disperse the fiber into 105 

the mixture. An appropriate amount of water was added to the mixture blended with the fiber, stirred 106 

evenly, and placed in a plastic bag. The bag was sealed and placed in the dark for 24 h. A 50 mm × 107 

50 mm test mold was adopted, and the calculated weight of the soil sample was determined based 108 

on the degree of compaction (96%). Twelve samples were prepared for each group. After the 109 

specimens were produced using the static pressure method, they were placed in a curing box 110 

(temperature = 20±2 °C; relative humidity ≥ 95%). The specimens are shown in Fig 4. The 111 

proportions of the specimens of fiber-stabilized carbide-slag-solidified soil are listed in Table 4. 112 

Table 4. Proportions of Specimens. 113 

 114 

 115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

Results  123 

Fiber length 

(mm) 

Fiber content 

(%) 

Curing period 

(d) 

Parameter 

6 0/0.1/0.2/0.3/0.4 7/28 

Unconfined compressive strength test 

Indirect tensile strength test 

12 0.1/0.2/0.3/0.4 7/28 

Unconfined compressive strength test 

Indirect tensile strength test 

19 0.1/0.2/0.3/0.4 7/28 

Unconfined compressive strength test 

Indirect tensile strength test 
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Compaction  124 

According to the experiment, the optimum moisture content of 2:8 carbide-slag-solidified 125 

soil was 13%-14%. First, five portions of 2:8 carbide-slag-solidified soil were prepared, and the 126 

target moisture contents were 10%, 12%, 14%, 16%, and 18%. Compaction tests were performed 127 

according to the compaction test method for inorganic binder stabilization materials (T0804-1994). 128 

The compaction curve of the soil samples is shown in (Fig 5). The optimum moisture content of 2:8 129 

carbide-slag-solidified soil was 13.62 %, and the maximum dry density was 1.68g/cm3. Because 130 

the amount of fiber was small, its effects on the optimum moisture content and maximum dry density 131 

were not evident. Therefore, when preparing an unconfined compressive strength test and indirect 132 

tensile strength test samples, it could be directly configured according to the optimum water content 133 

of 13.62 % and the maximum dry density of 1.68g/cm3. 134 

 135 

Unconfined compressive strength 136 

The failure pattern of the specimens subjected to unconfined compression is shown in Fig 137 

6. The unconfined compressive strength test results of 2:8 carbide-slag-solidified soil with different 138 

fiber lengths and contents at 7 and 28 d are shown in Fig 7. 139 

The incorporation of fibers somewhat improved the unconfined compressive strength of 140 

the solidified soil, but the improvement was limited. For the same fiber length and content, the 141 

unconfined compressive strength of the solidified soil significantly increased with increasing curing 142 

time. For each group of fibers, the 7 and 28 d unconfined compressive strength increased with 143 

increasing fiber content, but the degree of improvement was limited. When the fiber contents were 144 

0.3% and 0.4%, the variation in the unconfined compressive strength was insignificant. For the 145 
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solidified soil reinforced with a 6 mm fiber at a 0.3% fiber content, the maximum values of the 7 146 

and 28 d unconfined compressive strengths were 1.04 and 1.67 MPa, respectively. For the solidified 147 

soil mixed with a 12 mm fiber, the maximum value of the 7 d unconfined compressive strength 148 

(1.06 MPa) was observed at the 0.4% fiber content. The maximum unconfined compressive strength 149 

at 28 d was 1.69 MPa when the fiber content was 0.3%. For the solidified soil mixed with a 19 mm 150 

fiber, the maximum unconfined compressive strengths at 7 and 28 d were 1.06 and 1.72 MPa, 151 

respectively, when the fiber content was 0.4%. With an increase in the fiber length, the unconfined 152 

compressive strength of the solidified soil increased slightly, but the degree of increase was minimal. 153 

 154 

 155 

Indirect tensile strength  156 

The failure patterns of the test specimens subjected to indirect tensile strength test is 157 

shown in Fig 8. The indirect tensile strength test results for the calcium-carbide-slag-solidified soil 158 

at 7 and 28 d in 2:8 ratio with different fiber lengths and contents are presented in Fig 9. The addition 159 

of fiber did not influence the indirect tensile strength of the solidified soil at 7 d but significantly 160 

increased the indirect tensile strength at 28 d (Fig 9). For the same fiber length and content, the 161 

indirect tensile strength of the solidified soil significantly increased with increasing curing time. 162 

With an increase in the fiber length for the same fiber content, the indirect tensile strength of the 7 163 

d solidified soil did not increase significantly; in contrast, the indirect tensile strength of the 28 d 164 

solidified soil increased significantly. When the fiber length was 6 mm, and the fiber content was 165 

0.4%, the maximum indirect tensile strength at 7 d was 0.071 MPa. The maximum indirect tensile 166 

strength at 28 d was 0.156 MPa when the fiber content was 0.3%. When the fiber length was 12 mm 167 
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using a fiber content of 0.3%, the maximum indirect tensile strength at 28 d was 0.156 MPa. The 168 

maximum indirect tensile strength of the 7 d cured soil was 0.073 MPa when the fiber content was 169 

0.4%. The maximum indirect tensile strength of the cured soil at 28 d was 0.179 MPa when the fiber 170 

content was 0.3%. The maximum indirect tensile strength of the 7 d specimen produced with 19 171 

mm fiber at 0.3% content was 0.075 MPa. When the fiber content was 0.3%, the maximum indirect 172 

tensile strength of the 28 d solidified soil was 0.189 MPa. 173 

Justifications of the results 174 

Because fibers are stable materials, they do not react with silt or calcium carbide slag, and 175 

their effect on soil is similar to the mechanism by which plant roots solidify in soil. According to 176 

the bending mechanism, the bending fibers between soil particles limit the change in the relative 177 

position of the soil particles through the pressure and frictional force on the concave side of the soil 178 

particles, stabilizing the soil. According to the intercrossing mechanism, the intercrossing fibers in 179 

soil form a spatial network structure, and the action of external forces in one direction is 180 

counteracted by the entire network structure. In addition, the incorporation of fibers effectively 181 

reduces the internal pores of solidified soil, densifies the soil, and improves its mechanical 182 

properties; this can be called the “filling mechanism.” Based on the bending, intercrossing, and 183 

filling mechanisms, the preconditions for fiber stability in the soil are that the fiber must have a 184 

sufficient length and minimum distribution density in the soil. 185 

Discussion 186 

Effect of fiber on unconfined compressive strength of 187 

solidified soil 188 
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Based on the stabilization mechanism of fibers on soil, fibers do not affect the cementing 189 

action between the carbide slag and soil. Additionally, the unconfined compressive strength of 190 

carbide-slag-solidified soil is mainly influenced by the degree of soil compaction, carbide slag 191 

dosage, and soil group [9]. Hence, the fiber had no significant effect on the unconfined compressive 192 

strength of the solidified soil. The maximum unconfined compressive strength of the 7 d cured soils 193 

were observed when 19 mm fiber was added at a 0.4% content. Compared with the cured soil 194 

without fiber, the unconfined compressive strength increased by 8.16%. The fibers filled the pores 195 

between the particles of the solidified soil mixture and improved the density of the solidified soil, 196 

and reduced the void ratio of the solidified soil. Under the action of external load, the contact area 197 

between the fibers and the particles of the solidified soil mixture would generate friction, which 198 

played a constraint role on the slip of the particles of the solidified soil mixture. Therefore, the 199 

unconfined compressive strength of the 7 d solidified soil reinforced with fibers increased. Its 200 

increasing value was related to fiber incorporation: When the content of fiber was higher, the contact 201 

area between the fibers and the particles of the solidified soil mixture was greater, the friction would 202 

be more evident, and the enhancement of the unconfined compressive strength would be more 203 

evident.  The maximum unconfined compressive strength of the 28 d solidified soil was observed 204 

when a 0.4% content of the 19 mm fiber was added. Compared with the solidified soil without fiber, 205 

the unconfined compressive strength increased by 13.16%. With increasing curing time, 206 

cementation reaction between the carbide slag and soil particles occurred, and the newly generated 207 

reaction products adhered to the spatial network structure formed by the fibers, limiting soil 208 

deformation and increasing the unconfined compressive strength of the soil. For the same carbide 209 

slag content and soil quality, the intercrossing mechanism effect became more significant with 210 
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increasing fiber content and length. Moreover, the spatial network structure stabilized further, and 211 

the increase in the unconfined compressive strength of the solidified soil became significant. 212 

However, when the fiber content exceeded a specific value, the fibers were less uniformly 213 

distributed in the soil, and the spatial network structure became less stable. 214 

 215 

Effect of fiber on indirect tensile strength of solidified soil 216 

Based on the stability mechanism of the fiber to the soil, the fiber did not affect the 217 

cementation between the carbide slag and soil. The effect of the fiber on the indirect tensile strength 218 

of the carbide-slag-solidified soil was mainly achieved by bending and intercrossing. For the 7 d 219 

solidified soil, the cementing action between the carbide slag and soil particles was incomplete, and 220 

an effective bond between the fiber and solidified soil was not established. Therefore, the effect of 221 

the fiber on the indirect tensile strength of the 7 d solidified soil was insignificant. The maximum 222 

indirect tensile strength of the 7 d solidified soil was observed for the fiber length of 19 mm (Fig 9). 223 

When the added amount was 0.3%, the indirect tensile strength of the solidified soil increased by 224 

15.38% compared with that of the solidified soil without fiber. However, when the fiber content 225 

was 0.4%, the indirect tensile strength of the solidified soil decreased. This trend occurred because 226 

when the fiber length was extended, a high quantity of the fiber in the stabilized soil was difficult 227 

to distribute uniformly, easily formed clusters, reduced the bending effect, and intertwined. For the 228 

28 d solidified soil, cementing between the carbide slag and soil particles was relatively complete, 229 

and adequate bonding between the fiber and solidified soil was achieved. Therefore, the fiber 230 

significantly increased the indirect tensile strength of the 28 d solidified soil. The maximum indirect 231 

tensile strength of the 28 d solidified soil was observed using 19 mm long fibers. When the added 232 
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amount was 0.3%, the indirect tensile strength of the solidified soil was 76.64% higher than that of 233 

the solidified soil without fibers. However, when the fiber content was increased to 0.4%, the 234 

indirect tensile strength of the solidified soil decreased, mainly because of difficulty in achieving 235 

uniform distribution with a relatively high amount of extended fibers; this easily induced the cluster 236 

phenomenon, reduced the bending effect, and caused intertwining.  237 

 238 

Effect of fiber distribution density on mechanical properties 239 

of solidified soil 240 

In this study, three fiber lengths (6, 12, and 19 mm) were adopted, and the incorporation 241 

amounts were 0.1%, 0.2%, 0.3%, and 0.4% of the total mass of solidified soil. The mass density of 242 

fibers in the solidified soil is denoted f , and the fibers of lengths 6, 12, 19 mm are denoted 
6f , 243 

12f , and 
19f , respectively. The number of fibers in the solidified soil per unit volume is denoted 244 

fN , and the number of fibers of lengths 6, 12, and 19 mm are denoted 
6fN , 

12fN , and 
19fN , 245 

respectively. In this study, the diameters for the three fiber lengths (6, 12, and 19 mm) were 246 

consistent when the f  of the specimens were the same: 
19f12f6f 32 NNN  ; that is, for an 247 

equal mass, the shorter the fiber, the more the number of fibers in the unit volume of the solidified 248 

soil. When the 
fN  values of the specimens were the same, 

6f12f19f 35.1   ; that is, in the 249 

case of an equal number of fibers in the unit-volume solidified soil, the longer the fiber, the greater 250 

the mass density of fiber in the solidified soil of unit volume. 251 

When the mass density of the 6 mm fiber in the solidified soil was %1.0f6  , the mass density 252 

of fiber in the solidified soil reinforced with 12 and 19 mm fibers were %2.0f12   and 253 
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%3.0f19  , respectively. The results of the unconfined compressive test obtained at 7 and 28 d 254 

are presented in Fig 10, and those of the indirect tensile test are presented in Fig 11. 255 

Under the same conditions, the unconfined compressive strength of the 7 d solidified soil 256 

slightly increased with the fiber content (Fig 10). The unconfined compressive strength of the 257 

solidified soil reinforced with 19 mm fibers was the highest but only 7.14% higher than that without 258 

fibers. The main reason for this was that for the short curing period, the fibers did not form an 259 

effective bond with the solidified soil, and the bending and intercrossing actions were somewhat 260 

challenging to achieve. The increased unconfined compressive strength was mainly attributed to the 261 

effective reduction of the pores in the solidified soil by the incorporated fibers and the resulting 262 

filling effect, densifying the solidified soil. The solidified soil reinforced with 19 mm fibers using  263 

%3.0f19 
 had the highest unconfined compressive strength. The unconfined compressive 264 

strength of each solidified soil increased with the fiber content. The unconfined compressive 265 

strength of the solidified soil reinforced with 19 mm long fibers was the largest and was 12.5% 266 

higher than that of the solidified soil without fibers. This behavior was mainly attributed to the 267 

adequate bonding between the fiber and 28 d solidified soil and reflected the bending and 268 

intercrossing actions. The 19 mm fibers in the solidified soil were the longest, and the content, 269 

%3.0f19  , was the largest. Moreover, the unconfined compressive strength was the highest 270 

under the combined actions of filling, bending, and intercrossing. 271 

Under the same 
fN  conditions, the indirect tensile strength of the 7 d solidified soil 272 

increased with the fiber content (Fig 11). The indirect tensile strength of the solidified soil 273 

containing 19 mm long fibers was the highest; this strength was 15.38% higher than that of the 274 

solidified soil without fibers. The 28 d indirect tensile strength of each solidified soil increased 275 
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significantly with the incorporation of fibers. The solidified soil containing 19 mm long fiber 276 

exhibited the highest indirect tensile strength, which was 24.34% higher than that of the solidified 277 

soil without fibers. The results indicated that the fiber and solidified soil formed an effective bond 278 

with extended curing time, and the bending and intercrossing actions were significant. 279 

A comparison between Figs 10 and 11 revealed that the increase in the indirect tensile 280 

strength of the fiber-reinforced solidified soil was significantly higher than that in the unconfined 281 

compression strength. 282 

 283 

Conclusions 284 

In this study, the effects of fiber length and fiber content on the properties of carbide-slag-285 

solidified soil was investigated based on unconfined compressive strength and indirect tensile 286 

strength tests. The following conclusions were drawn. 287 

(1) The fibers did not significantly increase the unconfined compressive and indirect 288 

tensile strengths of the carbide-slag-solidified soil at 7 d but effectively increased those at 28 d. 289 

When 19 mm long fibers were incorporated into the carbide-slag-solidified soil, the effect became 290 

most significant for the fiber content of 0.3%.  291 

(2) The increase in the indirect tensile strength of the carbide-slag-solidified soil by the 292 

fibers was significantly higher than that in the unconfined compressive strength.  293 

(3) For short-period (7 d) curing, the stabilization of the carbide-slag-solidified soil by the 294 

fibers mainly depended on the filling action. For long-age (28 d) curing, the stabilization by the 295 

fibers was caused by the combined actions of filling, intercrossing and bending. 296 

 297 
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Fig 1. Particle-size distribution the soil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. The carbide slag used in the study. 
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Fig 3. The fibers used for the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Fig 4. Prepared specimen of fiber stabilized carbide slag solidified soil. 

 

 

 

 

Fig 5. Compaction Curve of Carbide Slag Solidified Soil. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Fig 6. Failure of the Unconfined Compressive Test specimen. 

 

 

 

 

Fig 7. Unconfined Compressive Strength of fiber stabilized carbide slag solidified soil. 

 

 

 

 

 



 

 

 

 

Fig.8. Indirect Tensile Strength test specimen.  

 

 

 

Fig 9. Results of Indirect Tensile Strength Test. 

 

 



 

Fig 10. Results of Unconfined Compressive Test with same Nf. 

 

 

 

Fig 11. Results of Indirect Tensile Test with same Nf. 

 

 

 


