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Abstract 15 

Tunneling construction plays a critical role in underground infrastructure projects, especially 16 

for transportation, environmental, and urban development. The integrity of tunnels is paramount to 17 

the success of these projects. The current study introduces TunnelEase, an innovative Android   18 

application designed to assist in estimating geological conditions and providing recommendations 19 

during the initial phase of tunneling support design. The mobile application integrates three widely 20 

used rock mass classification systems: Rock Mass Rating (RMR), Rock Structure Rating (RSR), 21 

and the Q-System. Developed using Android Studio, the application simplifies the complex calcu- 22 

lations involved in rock mass classification by incorporating numerical ratings. This enables the 23 

engineers to conduct evaluations in a quick and precise manner. Performance of the application 24 

was validated by means of comparison of the results of RMR, RSR and Q-System in MS Excel 25 

where the application was proven to be correct and efficient. TunnelEase is optimized in remote 26 

locations, where the availability of internet connection can be limited, and will further safety,   27 

simplifying construction work, and benefiting rural application use. This tool serves as a very   28 

positive input in ground engineering in the contemporary field of tunnelling. 29 

Keywords: Android application; rock mass classification; RMR; RSR; Q; tunneling support     30 

design. 31 

 32 

1. Introduction 33 

Tunnel construction presents numerous challenges due to the inherent variability of        34 

geological conditions. Rock mass is a dynamic and uncertain medium in rock engineering and in 35 

tunnel construction stability of the ground is largely dependent on geological conditions as well as 36 

tunnel properties [1]. Ensuring the selection of appropriate support systems is critical for        37 

maintaining stability and minimizing risks associated with ground movement and tunnel        38 

collapse [2]. 39 

Traditional methods of tunneling support design rely on manual classification using systems 40 

such as the Rock Mass Rating (RMR), Rock Structure Rating (RSR), and the Q-System. Under the 41 

South African Council of 1973, the RMR system was made by Z.T. Bieniawski as one of the initial 42 

tools in assessing rock masses [3]. Widely applicable in the field of engineering, the Rock Mass 43 

Rating (RMR) system was created so that rock masses could be classified and a preliminary      44 

stability could be determined to design the system of the support of the tunnels [4-5]. Another 45 
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commonly used system is the Rock Structure Rating (RSR) system developed by Wickham et al. 46 

1972, which was proposed to measure the quality of a rock mass and to decide on adequate support 47 

to the underground activities [6]. The Rock Mass Rating (RMR) system is widely used in        48 

engineering to classify rock masses and assess initial stability for tunneling support system design 49 

[4-5]. The Rock Structure Rating (RSR) system, developed by Wickham et al. (1972), is used to 50 

assess rock mass quality and determine the appropriate support for underground projects [6]. This 51 

method considers multiple factors, helping engineers select suitable support systems and ensure 52 

safety. The Tunnelling Quality Index (Q) system, introduced by Barton et al. in 1974 [7], integrates 53 

multiple variables to assess rock mass quality and offers recommendations for advanced tunnel 54 

reinforcement, such as bolts and shotcrete [8]. The Q-system has been widely applied in studies, 55 

including those focusing on rock mass stability with cement grouting [9]. These three classification 56 

systems, RMR, RSR, and Q is the foundation of the current research effort. 57 

In the present world, technology plays a significant role in routine life across the globe. 58 

Smartphones are common and widely used devices in digital media. These devices simplify     59 

multiple comprehensive tasks by optimizing processes, especially in communication, information, 60 

and calculation [10]. Now, there are more than 3.6 billion smartphones internationally, with the 61 

market growing at an annual rate of approximately 8% [11]. In the presence of multiple operating 62 

systems, Android operating system stands out due to its user-friendly interface, affordability, and 63 

versatility. Android smartphones can easily support a wide range of applications, provided the   64 

device meets the necessary specifications to ensure smooth operation without errors [11].  65 

The purpose of this research is to develop and evaluate the TunnelEase Android application 66 

to estimate preliminary geological stability and recommend appropriate provisions, including   67 

waterproofing techniques, for tunnels based on rock mass quality and rating. The application will 68 

leverage these ratings to provide accurate assessments and tailored recommendations. TunnelEase 69 

distinguishes itself by integrating RMR, RSR, and Q-System methodologies into a mobile platform, 70 

enabling real-time field assessments without the need for manual spreadsheet calculations. This 71 

approach enhances efficiency, improves accuracy, and increases accessibility for field engineers. 72 

To further emphasize its uniqueness, a brief comparative analysis is presented. TunnelEase is    73 

designed to work seamlessly offline, ensuring uninterrupted real-time field assessments even in 74 

areas with no internet connectivity. This addition will underscore TunnelEase's innovative       75 

contribution to the industry. By combining advanced geotechnical principles with modern       76 

technology, TunnelEase aims to streamline decision-making, save time in tunnel construction,   77 

enhance the evaluation of geological conditions, and effectively address challenges in tunneling 78 

support design and water management.  79 

2. literature Review: 80 

2.1. Rock Mass Rating (RMR) 81 

The Rock Mass Rating (RMR) system was primarily introduced by Z.T. Bieniawski in 1973 82 

[12]. Since its development, the system has evolved through extensive revisions and updates,    83 

becoming a comprehensive and practical evaluation tool. The RMR systems generally consider six 84 

parameters for each structural domain to assign the rock mass [13]. 85 

• Uniaxial Compressive Strength (UCS) 86 

• Rock Quality Designation (RQD) 87 

• Spacing of Discontinuities  88 

• Condition of Discontinuities 89 

• Groundwater Conditions 90 

• Orientation of Discontinuities 91 

The addition of all six factors rating values can be calculated by Equation 1. 92 

 93 

                       RMR=R1+R2+R3+R4+R5+R6                                     (1)                                                           94 
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Where R1 = rating of UCS, R2= rating of RQD, R3= rating of spacing of discontinuities,    95 

R4= rating of Condition of Discontinuities, R5= rating of Groundwater Conditions, R6= rating of 96 

Orientation of Discontinuities. 97 

The evaluated ratings of classification in RMR of each parameter are given in Table 1. RMR 98 

values are used to classify the rock masses, ranging from high to low-quality rock. Rock mass 99 

classification ratings with descriptions are given in Table 2. 100 

Table 1. Classification parameters in RMR system by. (Z.T. Bieniawski et al 1973) 101 

 102 

Table 2. RMR rating classes by (Z.T. Bieniawski et al. (1973) 103 

2.2 Rock Structure Rating: 104 

The Rock Structure Rating (RSR) was first developed by Wickham et al. (1972) for the     105 

assessment of rock quality and determining the appropriate support system based on their RSR 106 

classification. 107 

The system classifies rock hardness into four categories: hard, medium, soft, and decomposed 108 

with basic types of rock igneous, metamorphic, and sedimentary. A relationship between rock     109 

hardness and uniaxial compressive strength (UCS) is established. In fact, the geotechnical       110 

engineering classification of intact rock by Deere and Miller (1966) was used [3].  111 

The importance of the RSR system ratings of each parameter is outlined below, which are in 112 

addition the numerical values for RSR in Equation 2.  113 

            RSR= Parameter A + Parameter B+ Parameter C                 (2) 114 

1. Parameter A, Geology:    115 

• The origin of the rock type  116 
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• The hardness of the Rock  117 

• Geological structure  118 

 119 

2. Parameter B, Geometry:  120 

• The spacing of joints. 121 

• The orientation of joints  122 

• The tunnel excavation. 123 

3. Parameter C: physical condition 124 

• The overall quality is based on the combination of geology and geometry.  125 

• The position of the joints.  126 

• The amount of groundwater permeable. 127 

The RSR system originally utilized numerical values. The methodological details are outlined 128 

in these three significant tables, study is presented as Tables 3, 4, and 5. These tables are used to 129 

assess the points for all RSR parameters. 130 

Table 3. Rock Structure Rating (RSR) Parameters A: Geology by Wickham et al. (1972) 131 

Table 4. Rock Structure Rating (RSR) Parameters B: Geometry by Wickham et al. (1972) 132 
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Table 5. Rock Structure Rating (RSR) Parameter C: physical condition by Wickham et al. (1972) 133 

 134 

RSR support guidance and the selection of suitable tunnel support based on the rock mass's 135 

RSR value are presented in Figure 1. Lower RSR values need stronger support like rock bolts and 136 

shotcrete, while higher RSR values may require lighter support. 137 

 138 

 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 

Figure 1. RSR support estimation 151 

2.3 Tunnelling Quality Index (Q) system 152 

The Q-system was developed by Barton et al. in 1974, because of approximately 200 case 153 

studies involving tunnels and caverns [14]. Studies have demonstrated that the Q-system is an    154 

effective method for assessing tunnel support design. RMR and Q-System use similar approaches 155 

but different mathematical aspects, Q-System factors combined into product [15], while RMR is 156 

the addition sequence of their factors. Q-System is developed by their six factors in the quotient 157 

form in Equation 3.                                                                                                                                                     158 

 159 

 160 

                                 (3) 161 

 162 

Where, 163 

• RQD is the factor of Rock quality designation factor). 164 

• Jn is (Joint set number factor).  165 

• Jr, is (Joint roughness number factor). 166 

• Ja, is (Joint alteration factor). 167 

• Jw, is (Joint water reduction factor). 168 

• SRF is (Stress reduction factor). 169 
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The Q-System evaluation distributed into three quotients. (RQD/Jn) fraction represents rock 170 

mass geometry, (Jr/Ja) measures the joint roughness and joint alteration, and (Jw/SRF) indicates 171 

the stress and water condition. 172 

Table 6 (a). Rock Quality Designation (RQD) by Barton et al. (1974)   173 

 174 

Table 6 (b). Joint set number factor (Jn) by Barton et al. (1974) 175 

Table 6(c). Joint roughness number factor (Jr) by Barton et al. (1974) 176 

 177 
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Table 6(d). Joint alteration factor (Ja) by Barton et al. (1974) 178 

 179 

Table 6(e). Joint water reduction factor (Jw) by Barton et al. (1974) 180 

Table 6 (f1). Stress Reducing Factor (SRF) by Barton et al. (1974) 181 
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 182 

 183 

 184 

 185 

Table 6 (f2). Stress Reducing Factor (SRF) by Barton et al. (1974) 186 

 187 

To assess the effectiveness of the proposed support system, the capacity of the support system 188 

can also be evaluated. The Design Chart of Reinforcement support recommendations based on   189 

tunnel conditions, including options like rock bolts, shotcrete, or steel sets in Figure 2 190 
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 191 

Figure 2. Design Chart of Reinforcement support 192 

 193 

 194 

3. Android Application Development: 195 

  3.1 Methodology: 196 

TunnelEase Android Application is developed by different environment programs. For    197 

desktop software development, Python with Tkinter library is used to create a user-friendly    198 

Graphical User Interface (GUI). Implementation of Custom python algorithms for calculating the 199 

RMR, RSR, and Q values. For mobile app development, Java is used as the main programming 200 

language, with the coding and deployment operated through Android Studio version 2024. For the         201 

development and deployment of Android devices. To handle geological data efficiently, SQLite 202 

will be utilized as a database solution. The external libraries will be incorporated to enhance the 203 

User interface, optimize data processing, and potentially enable API connections for data          204 

integration and sharing. 205 

3.2 App Features: 206 

TunnelEase Android Application is designed with a feasible interface with the dropdown   207 

options for inputting the parameter rating points, perform instant calculations and output results 208 

display to see in real-time. This application maintains consistency in use across any complex   209 

platform by offering the same features and the outcome results. Offering offline capabilities, with 210 

multiple functions, and calculations, to be accessible without internet connection sources. This is 211 

very beneficial especially in rural constructional areas due to the lack of internet services.  212 

 213 
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Interface Snapshots:     214 

 215 

Figure 3. User-Interface of TunnelEase application. 216 

4. Application Examination: 217 

The examination phase of TunnelEase has garnered positive response, highlighting its ease of 218 

use, faster calculations, and reduced manual effort compared to traditional methods. By inputting 219 

the random parameters of these three methods and working app accurately. Examination of the 220 

application ensures accuracy and effectiveness in processing calculating logic. The correct      221 

calculation results are validated by comparing the development application with table manual   222 

calculations from MS Excel sheet. MS Excel is a logical program that is calculated across the globe. 223 

The validation of TunnelEase was conducted by comparing its RMR, RSR, and Q-System        224 

calculations with MS Excel, using their respective mathematical relations for parameter evaluation. 225 

The results were identical, confirming accuracy with no observed discrepancies. The application's 226 

results matched perfectly with the MS Excel sheet presented in the comparison in Table 7.      227 

TunnelEase application evaluates rock stability and suggests support criteria as per design        228 

requirements, ensuring efficient and reliable solutions for tunnel construction shown in Figure 4. 229 

Table 7. Comparison results of RMR, RSR, Q-System by using random rock mass classification 230 

RMR-Classification 

Parameters  Ranges Ratings Excel Calculations TunnelEase 

UCS (R1) 130 MPa 12 12 

  

RQD (R2) 80% 17 17 

        

Space of Discontinuities (R3) 1m 20 20 

Condition of Discontinuities (R4) 

Slightly rough surfaces sep-

aration <1mm slightly 

weathered walls 

25 25 

Ground Water (R5) Damp 10 10 
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Strike and Dip Orientation (R6) Very unfavorable -12 -12 

By Using RMR Parameters Mathematical Relation             (R1+R2+R3+R4+R5+R6) 

RMR= 72 72 

 231 

RSR- Classification 

Parameters  Ranges Ratings Excel Calculation TunnelEase 

Geological Rating (R1) Hard rock, slightly folded 30 30 

  

Geometrical Rating (R2) Blocky to massive 2-4 ft 36 36 

Ground Water and joint Condition (R3) None, good joint condition 25 25 

By using RSR Parameters Mathematical Relation               (R1+R2+R3)   

RSR = 91 91 

 232 

The Snapshots illustrate inputs and outputs for the design evaluation by using RMR, RSR, 233 

and Q-Systems. These methods classify outcome results and recommend the required support   234 

stability and waterproofing techniques. These calculation values are impressive proof of the      235 

accuracy and running process of the application with similar output with manual calculation in 236 

Excel sheet 237 

Q-System Classification 

Parameter Ranges Ratings Excel Calculation TunnelEase 

RQD (%) 70-90% 82.5 82.5 

 

Jn Two joint set 4 4 

Jr Rough and Irregular  3 3 

Ja Unaltered Joint walls 1 1 

Jw Dry excavation  1 1 

SRF Heavy rock burst 15 15 

By using Q-System Parameters Mathematical Relation     ( RQD/Jn*Jr/Ja*Jw/SRF) 

Q= 4.13 4.13 

s 
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.                                                                                          238 

`               (a)                           (b)                                 (c) 239 

 240 

Figure 4. RMR,RSR, and Q-System results of input random rock mass conditions with           241 

recommendations for suitable support and impermeability measures. 242 

5. Conclusion: 243 

The TunnelEase Android application has been presented and evaluated in current research, 244 

mobile application has the potential to transform tunneling support design by integrating the    245 

methodologies of RMR, RSR, and the Q-system into a user-friendly platform. By simplifying rock 246 

mass classification, it not only enhances the accuracy of assessments but also improves time      247 

efficiency, making it an invaluable tool for field investigations. TunnelEase ensures accurate and 248 

efficient tunneling assessments in all geological conditions without any limitations. Its offline   249 

functionality allows users to operate it anytime. In rural and remote areas, there is a lack of reliable 250 

internet connectivity. The application is highly functional with offline capabilities and safety in its 251 

exploitation is promoted, the efficiency of tunnels creation is raised due to the quick and correct 252 

pre-design of tunnel support which saves the manual labor and the time of engineering           253 

decision-making. The software combines the latest geotechnics with the existing technology and 254 

ensures the functionality and safety of the tunnel creation process. 255 

 Future development of this application will be addressed by increasing functionality of the 256 

application such as integrating additional rock mass classification tools such as GSI, RMN and 257 

RMi to make the application more versatile and adaptive. Tunnel Ease can contribute immensely 258 

to improvement in the tunneling practice in the underground sector and provide the engineers with 259 

the means which covers comprehensively effective cost effectiveness of designs in support systems. 260 

This efficient stable and support system analysis constitutes a subset of a broader demand that the 261 

traditional methods of carrying out these analyses are time consuming and labor intensive.  262 

Utilization of sustainable inspection and appraisal instruments like TunnelEase is extremely 263 

important when it comes to augmenting safety in tunnels and eliminating chances of rock mass 264 

collapses. TunnelEase would enable engineers to develop tunneling projects and navigate through 265 

uncertainties in the future due to spatial integration and ability to lead the way with the information. 266 
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As a result of utilizing this application, engineers are able not only to make the construction of their 267 

tunnels more resistant and secure, but it is also their ability to extend the wellbeing of the entire 268 

society as they will have secure transportation systems and will have minimal risks on the        269 

environment. 270 
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Abbreviations 276 

The following abbreviations are used in this manuscript: 277 

RMR Rock mass rating 

RSR Rock structure rating 

Q Rock quality index 

UCS Uniaxial compressive strength 

RQD Rock quality designation 

Jn Joint set number 

Jr Joint roughness number 

Ja Joint alteration number 

Jw Joint water reduction factor 

SRF Stress reduction factor 

RMN Rock mass number 

RMi Rock mass index 

GSI Geological strength index 
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