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Abstract: In the slipform paving of underground roadway floors, the abrupt dissipation of 11 

lateral constraints post-extrusion frequently induces edge collapse, structural deformation, 12 

and lateral displacement. To mitigate these challenges, this study proposes a novel 13 

composite slipform paving strategy characterized by the localized application of an alkali-14 

free liquid accelerator to the bilateral strips, while the central section is cast with 15 

conventional concrete. Field validation was conducted in an underground coal mine 16 

utilizing optimized operational parameters: a 9% dosage of FSA-AF alkali-free liquid 17 

accelerator, a 14 cm width for the accelerator-modified side zones, an auger rotation speed 18 

of 45 r/min, and a paving velocity of 6.0 m/min. The morphological stability, surface 19 

flatness, and mechanical properties of the paved floor were systematically evaluated 20 

through in-situ testing. The results demonstrate that the proposed composite paving process 21 

effectively eliminates observable edge collapse, cracking, and displacement, with the 22 

average lateral deformation restricted to merely 1 mm, thereby satisfying rigorous 23 

engineering tolerances. Based on the 3-meter straightedge method, the average surface 24 

flatness was recorded at 4.6 ± 0.2 mm. Furthermore, 3D imaging analysis revealed average 25 

flatness values of 4.1 mm and 2.8 mm for the side and central segments, respectively, 26 

corresponding to "relatively high" and "high" flatness grades. Regarding mechanical 27 

integrity, the side concrete achieved average compressive and flexural strengths of 33.925 28 



 

 

MPa and 4.151 MPa, respectively, while the central concrete exhibited superior values of 29 

43.637 MPa and 4.925 MPa. All mechanical indices met the requisite engineering 30 

standards. This research confirms that enhancing the "standing performance" of edges 31 

through localized acceleration, coupled with optimized kinematic parameters, facilitates 32 

high-quality, continuous slipform paving. This methodology provides a robust technical 33 

framework for the mechanized and efficient construction of mine roadway floors. 34 

Keywords: slipform paving; concrete containing accelerator; speed parameter 35 

optimization; discrete element method (DEM); process adaptability; underground floor.  36 
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1. Introduction 38 

The roadway floor serves as a critical structural foundation for underground 39 

transportation and operational systems in coal mines. Its service condition directly affects 40 

vehicle traffic safety, transportation efficiency, and the environments for subsequent 41 

equipment installation and maintenance [1-7]. Historically, concrete paving for 42 

underground roadway floors has predominantly relied on manual formwork, paving, and 43 

leveling. These conventional methods are characterized by high labor intensity and low 44 

construction efficiency. Moreover, the forming quality is significantly influenced by on-45 

site working conditions and human experience, struggling to meet the modern coal mine 46 

development goals of "mechanized substitution, automated reduction, and intelligent 47 

unmanned operations" [1, 7-13]. Consequently, replacing traditional manual processes with 48 

mining slipform paving equipment has emerged as a crucial development direction for 49 

underground floor construction technologies [8-17]. 50 

Compared to surface roads and conventional municipal pavements, the construction 51 

environment for underground roadway floors is significantly more complex. Factors such 52 

as narrow roadway spaces, uneven base surfaces, and limited on-site drainage and 53 

ventilation conditions adversely affect the stability of the slipform paving process [2-7]. 54 

Particularly at the moment of concrete extrusion, the lateral constraints from the formwork 55 

rapidly disappear. If the fresh concrete lacks sufficient early standing performance, it is 56 

highly susceptible to edge collapse, deformation, and lateral displacement, which 57 

consequently compromises the overall forming quality of the floor [8-18]. Existing 58 

research on slipform paving primarily focuses on surface applications such as highways, 59 

shoulders, curbs, and barriers. These studies emphasize the optimization of material 60 

workability, the design of low-slump concrete, equipment and process control, and surface 61 

quality evaluation [8-27]. It is generally concluded that an appropriate water-cement ratio, 62 

excellent workability of fresh concrete, rapid early strength development, and a 63 

construction process system well-coordinated with equipment parameters are critical 64 

factors for ensuring slipform paving quality [14-27]. 65 

Regarding the regulation of admixtures, accelerators are widely utilized in shotcrete 66 

and rapid repair material systems due to their ability to significantly shorten setting times 67 



 

 

and accelerate early structural buildup [28-35]. Previous studies have demonstrated that 68 

alkali-free liquid accelerators offer distinct advantages in improving early setting, 69 

promoting hydration reactions, and enhancing rapid forming capabilities. However, an 70 

excessive dosage may adversely affect the long-term strength of the concrete [28-35]. This 71 

implies that introducing accelerators into the slipform paving process could provide a novel 72 

approach to resolving the issue of insufficient lateral standing performance; however, its 73 

impacts on surface quality and long-term mechanical properties must be simultaneously 74 

carefully considered. 75 

Building upon this premise, this paper proposes a novel composite slipform paving 76 

concept for underground floors, characterized by "accelerator-incorporated concrete on the 77 

sides and conventional concrete in the center." Specifically, while ensuring the long-term 78 

structural performance of the central load-bearing concrete, an alkali-free liquid accelerator 79 

is applied to the bilateral zones. This rapidly enhances the setting and standing capabilities 80 

of the side concrete, thereby mitigating edge collapse, deformation, and lateral 81 

displacement. While previous research has optimized the type and dosage of the accelerator, 82 

the water-cement ratio, lateral dimensional parameters, and equipment operational speeds, 83 

this study advances the work by conducting an engineering validation in an actual 84 

underground setting. The engineering performance of the proposed method is 85 

systematically evaluated in terms of overall forming quality, surface quality and flatness, 86 

as well as compressive and flexural mechanical properties. The findings of this study aim 87 

to provide valuable references for the broader application of underground slipform paving 88 

equipment and the determination of optimal process parameters. 89 

 90 

Figure.1 Experimental study on sliding mode paving of concrete roadway floor 91 



 

 

2. Materials and Methods 92 

2.1 Technical Route 93 

The core objective of the engineering experiments in this study is to verify the 94 

applicability and reliability of the previously determined material parameters, dimensional 95 

parameters, and equipment operational parameters under actual underground working 96 

conditions. Considering that the engineering acceptance of roadway floors not only 97 

evaluates the overall shape quality immediately after extrusion but also requires the floor 98 

to withstand the repeated impacts of high-frequency, heavy-duty vehicles and mechanical 99 

equipment during long-term service, this study conducts engineering validation across the 100 

following three dimensions: 101 

 (1) Overall forming quality validation: This focuses on observing whether edge 102 

collapse, deformation, or lateral displacement occurs on the sides of the floor post-103 

extrusion, thereby verifying the standing performance of the accelerator-incorporated 104 

concrete on the edges and the rationality of the side-width parameters. 105 

 (2) Surface quality validation: Visual inspection, the 3-meter straightedge method, 106 

and 3D imaging techniques are comprehensively employed to evaluate the apparent quality 107 

and flatness of the floor. The analysis specifically focuses on the impact of the accelerator 108 

on the surface quality of the side edges.  109 

(3) Mechanical properties validation: The compressive and flexural strengths of the 110 

concrete in both the side and central sections are tested to assess whether this composite 111 

slipform paved floor retains sufficient long-term load-bearing capacity while fulfilling the 112 

requirement for rapid forming. 113 

2.2 Key Process Parameters 114 

The parameters utilized in the engineering tests were all derived from the optimized 115 

results of our previous research. The main body of the concrete employed an optimized 116 

low water-cement ratio paving mix design, with a water-cement ratio of 0.4. The side 117 

regions utilized an FSA-AF alkali-free liquid accelerator at a dosage of 9%. The design 118 

width of the accelerator-incorporated concrete on the sides was set to 14 cm. For the 119 



 

 

slipform paving machine, the auger shaft rotation speed was set to 45 r/min, and the 120 

forward speed of the entire machine was maintained at 6.0 m/min. The aforementioned 121 

parameters correspond, respectively, to the requirements for rapid material forming, lateral 122 

stability, and the synchronization between equipment material supply and spreading. They 123 

represent the optimal combination jointly determined through prior theoretical analyses, 124 

single-factor experiments, orthogonal optimization experiments, and Discrete Element 125 

Method (DEM) simulations [16, 21, 28-35]. 126 

2.3 Engineering Implementation Process 127 

To improve on-site construction efficiency and ensure the accuracy of the concrete 128 

mix proportions, the concrete used for paving the floor was uniformly mixed at a 129 

centralized batching plant and subsequently transported to the site. Prior to formal paving, 130 

the spraying speed and flow rate of the accelerator spray pump were initially calibrated. 131 

This ensured that the dosage and mixing uniformity of the accelerator in the lateral concrete 132 

strictly met the design requirements. Subsequently, the trailing formwork of the slipform 133 

paving machine was adjusted to guarantee that the overall forming width and side 134 

dimensions aligned with the previously optimized results. Following this, trial runs were 135 

conducted to calibrate the auger shaft rotation speed and the machine's forward speed. This 136 

step confirmed that the equipment operating parameters met the predetermined set values 137 

and ensured a highly coordinated match between the auger material distribution and the 138 

forward movement of the machine. Once the comprehensive calibration of all parameters 139 

was completed, the actual continuous slipform paving of the roadway floor was executed.  140 

 141 

Figure.2 Concrete preparation and cutting process 142 



 

 

 143 

Figure.3 Debugging of accelerators spray pump.144 

 145 

Figure.4 Spiral shaft speed debugging and test drive 146 

 147 

Figure.5 Experimental study on sliding mode paving of concrete roadway floor 148 

2.4 Quality Evaluation Methods 149 

2.4.1 Overall Forming Quality Evaluation 150 

The overall forming quality primarily encompasses three aspects: edge collapse, 151 

deformation, and lateral displacement. Edge collapse was assessed through visual 152 



 

 

inspection and on-site photography. Deformation was measured using a dual-laser 153 

rangefinder method, where laser rangefinders were positioned at the upper and lower 154 

locations of the same vertical reference base. The difference in distance from the 155 

rangefinders to the top and bottom of the lateral concrete was recorded to represent the 156 

lateral deformation. Lateral displacement was determined by comparing the width of the 157 

paving machine's trailing formwork with the actual width of the paved floor. If the two 158 

values were consistent, it was considered that no obvious lateral displacement had occurred. 159 

2.4.2 Surface Quality and Flatness Evaluation 160 

The surface quality of the floor was initially evaluated via visual inspection to 161 

determine the presence of macro-defects such as pitting, holes, and depressions in both the 162 

lateral and central regions. Subsequently, the 3-meter straightedge method was employed 163 

to measure the maximum gap on the floor surface, thereby evaluating its macroscopic 164 

flatness. Considering the relatively low early strength of the concrete surface during the 165 

initial setting stage, the inherent weight of the 3-meter straightedge and wedge feeler gauge 166 

could potentially interfere with the measurement results. Therefore, a Leica-DVM 5000-167 

HD 3D imager was further introduced to conduct 2D/3D imaging analysis on the surfaces 168 

of the cut test blocks. The surface flatness was characterized by the elevation difference 169 

between the highest and lowest points, providing a more precise evaluation. 170 

2.4.3 Mechanical Properties Evaluation  171 

A universal testing machine was utilized to determine the compressive and flexural 172 

strengths of the concrete specimens obtained from the lateral and central sections of the 173 

floor. The compressive specimens were prepared from blocks cut directly from the site, 174 

while the flexural specimens were obtained through on-site sampling, molding, and 175 

subsequent standard curing. By comparing the mechanical property differences between 176 

the concrete in these two regions, the impact of the accelerator on long-term strength was 177 

analyzed, and the capability of the composite slipform paved structure to meet the long-178 

term service requirements of underground floors was evaluated.  179 



 

 

3. Results and Discussion 180 

3.1 Overall Forming Quality of the Floor 181 

3.1.1 Edge Collapse Control Effect 182 

Following the completion of the on-site slipform paving, the forming status of both 183 

sides of the floor was directly observed. The results indicated no obvious collapse, cracking, 184 

or large-scale flow in the lateral regions. This demonstrates that the accelerator-185 

incorporated lateral concrete can rapidly establish sufficient early structure upon extrusion, 186 

satisfying the engineering requirements of "rapid setting, low slump, and no edge collapse." 187 

This finding confirms that selectively applying the accelerator to the lateral regions, rather 188 

than uniformly mixing it into the entire concrete batch, is a viable approach to solving the 189 

edge instability problem in underground slipform paving. On the one hand, this method 190 

effectively enhances the standing performance of the edge regions; on the other hand, it 191 

preserves the long-term load-bearing capacity of the central conventional concrete to the 192 

greatest extent possible. This strategy significantly differs from the traditional approaches 193 

of globally reducing the slump or uniformly increasing the accelerator dosage [18-21, 28-194 

35]. 195 

 196 

Figure.6 Detection of collapsed edges in side concrete 197 

3.1.2 Lateral Deformation Characteristics  198 

The lateral deformation was further quantified using the dual-laser rangefinder 199 

method. The differences recorded at three measurement points were 0.001 m, 0 m, and 200 

0.002 m, respectively, resulting in an average deformation of 0.001 m (i.e., 1 mm). This 201 



 

 

value is clearly within the permissible engineering tolerance. The results indicate that with 202 

a 9% accelerator dosage and a 14 cm lateral width parameter, the side concrete maintains 203 

excellent geometric stability after extrusion, without obvious lateral bulging or top collapse. 204 

This is attributable both to the accelerator's role in promoting early structural formation 205 

and to the adequacy of the previously determined lateral dimensional parameters in 206 

providing sufficient stability reserves for the edge zones. 207 

 208 

Figure.7 Detection of deformation problems in side concrete 209 

Table 1. Deformation detection results of side concrete 210 

Point ID 
Distance to 

Top Edge (m) 

Distance to 

Bottom Edge (m) 

Difference  

(m) 

Mean 

Value (m) 

Point 1 0.468 m 0.469 m 0.001 m 0.001 m 

（1 

mm） 

Point 2 0.461 m 0.461 m 0 m 

Point 3 0.471 m 0.473 m 0.002 m 

 211 

3.1.3 Displacement Control Effect  212 

A comparison between the width of the slipform paving machine's trailing formwork 213 

and the overall width of the formed floor revealed that both measurements were 310 cm. 214 

The consistency of the dimensions before and after paving indicates that no obvious lateral 215 

displacement occurred during construction. In other words, with a 14 cm width of 216 

accelerator-incorporated concrete, the lateral regions not only possess sufficient 217 

deformation resistance but also maintain geometric boundary stability against the lateral 218 

pressure exerted by the central concrete, preventing outward expansion. This further 219 

corroborates the theoretical design and experimental validation of the lateral width 220 

parameter in an actual engineering setting. 221 



 

 

 222 

Figure.8 Detection of displacement problem of side concrete 223 

In summary, adopting the slipform paving process with accelerator-incorporated 224 

lateral support yields excellent overall forming quality for the floor, effectively suppressing 225 

edge collapse, deformation, and displacement. This demonstrates a strong engineering 226 

compatibility among the material parameters, lateral dimensional parameters, and 227 

equipment operational parameters. 228 

3.2 Surface Quality and Flatness Evaluation 229 

3.2.1 Apparent Defect Analysis  230 

Photographic and visual analyses of local areas in the lateral and central regions of 231 

the floor revealed no obvious macroscopic defects such as pitting, holes, or depressions. 232 

This suggests that despite the addition of the accelerator in the lateral zones, the overall 233 

surface quality did not deteriorate significantly due to localized rapid setting. From a 234 

macroscopic perspective, the entire floor surface is continuous and dense, satisfying the 235 

basic visual requirements for underground roadway structures. 236 

 237 

Figure.9 Local situation of side concrete (left) and middle concrete (right) 238 



 

 

3.2.2 Flatness by 3-Meter Straightedge Method  239 

The surface flatness of the floor measured by the 3-meter straightedge method at three 240 

different points was 4.4 mm, 4.8 mm, and 4.5 mm, yielding an average of 4.6 mm. These 241 

results indicate that the paved floor in the engineering trial not only meets general flatness 242 

requirements but also approaches a relatively high flatness standard. For underground 243 

roadway floors, superior flatness translates to reduced vehicle vibration, improved tire-244 

floor contact, and a decrease in localized impact loads and future maintenance pressures. 245 

Thus, these findings highlight the high practical engineering value of the optimized process 246 

parameters. 247 

 248 

Figure.10 Three meters straightedge method for measuring surface flatness 249 

Table 2. Measurement results using the three meters straightedge method 250 

Point 1 Point 2 Point 3 Average 

4.4 mm 4.8 mm 4.5 mm 4.6 mm 

 251 

Because the 3-meter straightedge method is conducted during the early stages post-252 

extrusion, the weight of the testing tool itself may cause slight indentations on the 253 

incompletely hardened surface. Consequently, its results primarily serve as a rapid 254 

macroscopic evaluation rather than reflecting the true geometric surface state after final 255 

setting. To accurately evaluate the surface quality of different regions, supplementary 256 

analysis using 3D imaging is necessary. 257 

 258 



 

 

3.2.3 Fine Evaluation by 3D Imaging Method  259 

Locations with the maximum gaps identified by the 3-meter straightedge were marked 260 

and cored. After standard curing, 3D surface imaging analysis was conducted using the 261 

Leica-DVM 5000-HD. The elevation differences at three lateral measurement points were 262 

4031.0 μm, 4308.7 μm, and 4031.0 μm, respectively, whereas those at three central 263 

measurement points were 2933.1 μm, 2467.2 μm, and 3014.3 μm. Statistical analysis 264 

revealed an average flatness of 4.1 mm for the lateral regions and 2.8 mm for the central 265 

region. Both regions exhibited excellent flatness, with the central concrete surface being 266 

superior. 267 

The slightly lower flatness in the lateral regions compared to the central region may 268 

be attributed to the rapid surface setting promoted by the accelerator. Specifically, after the 269 

lateral concrete is extruded and smoothed by the trailing formwork, its surface enters the 270 

setting phase more quickly, thereby diminishing subsequent subtle self-leveling and 271 

reshaping capabilities. Simultaneously, localized rapid hydration may cause the surface to 272 

solidify earlier, locking in minor micropores and microscopic undulations. In contrast, the 273 

setting process of the central conventional concrete is relatively slower, allowing the 274 

extrusion and smoothing action of the formwork to be fully realized, thus producing a 275 

smoother surface. Nevertheless, an average flatness of 4.1 mm in the lateral regions still 276 

represents a high standard, while the 2.8 mm in the center reaches a premium standard, 277 

indicating that the localized use of the accelerator does not lead to unacceptable 278 

compromises in surface quality. 279 

 280 

Figure.11 Determination of the maximum gap position (left)  281 

and sampling of concrete test blocks (right) 282 



 

 

 283 

Figure.12 Test block maintenance (left) and 3D imaging experiment process (right) 284 

   285 

(a) Lateral Measuring Point 1    (b) Lateral Measuring Point 2 286 

  287 

       (c) Lateral Measuring Point 3      (d) Central Measuring Point 1 288 

  289 

(e) Central Measuring Point 2      (f) Central Measuring Point 3 290 

Figure.13 3D imaging of the surface of concrete bottom plate 291 

 292 



 

 

Table 3. Flatness detection results of 3D imaging method 293 

3D Imaging 

Position 

Lateral 

Measuring 

Point 1 

Lateral 

Measuring 

Point 2 

Lateral 

Measuring 

Point 3 

Central 

Measuring 

Point 1 

Central 

Measuring 

Point 2 

Central 

Measuring 

Point 3 

Maximum 

Value（μm） 
4169.9 4470.7 4240.5 3393.2 2988.7 3183.0 

Minimum 

Value（μm） 
138.9 162.0 209.5 460.1 521.5 168.7 

Difference（μm） 4031.0 4308.7 4031.0 2933.1 2467.2 3014.3 

Average 

Value（mm） 
4.1 2.8 

 294 

3.3 Mechanical Properties Evaluation 295 

Following the successful on-site verification of the overall shape and surface quality, 296 

the compressive and flexural strengths of the concrete in both regions were tested. The 297 

compressive strengths of three lateral specimens were 34.114 MPa, 32.581 MPa, and 298 

35.079 MPa, averaging 33.925 MPa; their flexural strengths were 4.186 MPa, 4.239 MPa, 299 

and 4.028 MPa, averaging 4.151 MPa. For the central concrete, the compressive strengths 300 

of three specimens were 44.682 MPa, 44.965 MPa, and 41.264 MPa, averaging 43.637 301 

MPa; the flexural strengths were 4.912 MPa, 4.954 MPa, and 4.909 MPa, averaging 4.925 302 

MPa. 303 

    304 

Figure.14 Mechanical performance testing of concrete roadway floor 305 

 306 



 

 

Table 4. Test results of compressive and flexural strength 307 

Test Position 
Test 

Index（MPa） 
Sample 1 Sample 2 Sample 3 

Average 

Value 

Lateral 

Concrete 

Compressive 

Strength 
34.114 32.581 35.079 33.925 

Flexural Strength 4.186 4.239 4.028 4.151 

Central 

Concrete 

Compressive 

Strength 
44.682 44.965 41.264 43.637 

Flexural Strength 4.912 4.954 4.909 4.925 

 308 

Evidently, both the compressive and flexural strengths of the lateral accelerator-309 

incorporated concrete are lower than those of the central conventional concrete. This trend 310 

aligns with the established understanding that high accelerator dosages can impair long-311 

term strength development [28-35]. The underlying reason is that while accelerators 312 

significantly accelerate early setting and structural formation, high dosages may alter the 313 

hydration trajectory and pore structure evolution of the cementitious system, adversely 314 

affecting long-term strength. However, the most critical finding of this study is that despite 315 

a certain degree of strength reduction in the lateral regions, their absolute compressive and 316 

flexural strengths remain substantial. Combined with the central region, the overall 317 

composite floor structure fully satisfies the basic load-bearing requirements for 318 

underground roadways. 319 

This suggests that for underground slipform paving, the composite structural concept 320 

of "rapid forming on both sides and main load-bearing in the center" is highly rational. The 321 

primary function of the lateral regions is rapid standing and boundary stabilization, with 322 

load-sharing as a secondary role; the central conventional concrete assumes the primary 323 

long-term load-bearing responsibility. Therefore, accepting a moderate reduction in long-324 

term strength in the lateral zones as a trade-off for significantly enhanced extrusion stability 325 

and overall construction quality is an engineering-validated parameter optimization 326 

strategy. 327 

 328 



 

 

3.4 Engineering Significance and Method Applicability Analysis 329 

This study demonstrates that the quality of underground slipform paving is not 330 

governed by material, structure, or equipment factors in isolation, but by their coupled 331 

effects. Materially, the alkali-free liquid accelerator endows the lateral regions with 332 

sufficiently rapid early setting and standing capabilities. Structurally, the 14 cm lateral 333 

width provides the necessary stable geometric conditions for the edges. Equipment-wise, 334 

the auger shaft rotation speed of 45 r/min and the forward speed of 6.0 m/min ensure 335 

uniform material distribution and continuous forming. The synergistic action of these three 336 

factors ultimately achieves excellent engineering results. 337 

Compared to traditional methods that solely rely on lowering slump or globally 338 

increasing concrete "stiffness," the localized rapid-setting support concept proposed in this 339 

study is more targeted. Its advantages lie in effectively mitigating edge instability while 340 

avoiding the detrimental effects of high global accelerator dosages on the long-term 341 

performance of the main concrete body. Furthermore, this process exhibits high 342 

compatibility with the existing sequence of spraying pump–auger distribution–trailing 343 

formwork extrusion in current slipform paving machines, showing significant potential for 344 

widespread application. 345 

Admittedly, this paper primarily focuses on a single engineering validation trial. More 346 

systematic research is required regarding varying roadway gradients, fluctuating base 347 

conditions, and long-term service durability. Future work should delve into field 348 

adaptability under multiple working conditions, repetitive construction stability, and long-349 

term wear-fatigue performance. 350 

  351 



 

 

 352 

4. Conclusions 353 

1. Based on previously optimized parameters for materials, lateral dimensions, and 354 

equipment speeds, stable slipform paving of underground roadway floors can be 355 

successfully achieved using an FSA-AF alkali-free liquid accelerator at a 9% dosage, a 14 356 

cm lateral width, and a speed combination of 45 r/min (auger) to 6.0 m/min (forward 357 

movement). 358 

2. Engineering trials verify that implementing accelerator-incorporated lateral support 359 

prevents obvious edge collapse. The average lateral deformation is strictly limited to 1 mm, 360 

and the formed floor width strictly aligns with the formwork width, indicating that this 361 

method effectively suppresses edge collapse, deformation, and displacement during 362 

slipform paving. 363 

3. The overall surface quality of the paved floor is excellent. The average flatness 364 

measured by the 3-meter straightedge method is 4.6 mm. 3D imaging results show average 365 

flatness values of 4.1 mm and 2.8 mm for the lateral and central regions, respectively. 366 

Although the lateral flatness is slightly lower due to the rapid-setting effect, both regions 367 

exhibit superior surface quality levels. 368 

4. The average compressive and flexural strengths of the lateral accelerator-369 

incorporated concrete are 33.925 MPa and 4.151 MPa, respectively, while those of the 370 

central conventional concrete are 43.637 MPa and 4.925 MPa. Despite the lower long-term 371 

strength in the lateral regions, both sections fulfill engineering application requirements, 372 

demonstrating that the composite slipform paved floor successfully balances rapid forming 373 

with long-term load-bearing capacity. 374 

5. Overall, the proposed underground slipform paving method—featuring 375 

"accelerator-incorporated concrete on the sides and conventional concrete in the center"—376 

enables high-quality, continuous floor construction. It provides a viable engineering 377 



 

 

pathway for the mechanized, continuous, and high-standard development of coal mine 378 

roadway floors. 379 
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