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Abstract

Tunneling construction plays a critical role in underground infrastructure projects, especially
for transportation, environmental, and urban development. The integrity of tunnels is paramount to
the success of these projects. The current study introduces TunnelEase, an innovative Android
application designed to assist in estimating geological conditions and providing recommendations
during the initial phase of tunneling support design. The mobile application integrates three widely
used rock mass classification systems: Rock Mass Rating (RMR), Rock Structure Rating (RSR),
and the Q-System. Developed using Android Studio, the application simplifies the complex calcu-
lations involved in rock mass classification by incorporating numerical ratings. This enables the
engineers to conduct evaluations in a quick and precise manner. Performance of the application
was validated by means of comparison of the results of RMR, RSR and Q-System in MS Excel
where the application was proven to be correct and efficient. TunnelEase is optimized in remote
locations, where the availability of internet connection can be limited, and will further safety,
simplifying construction work, and benefiting rural application use. This tool serves as a very
positive input in ground engineering in the contemporary field of tunnelling.

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

1. Introduction

Tunnel construction presents numerous challenges due to the inherent variability of
geological conditions. Rock mass is a dynamic and uncertain medium in rock engineering and in
tunnel construction stability of the ground is largely dependent on geological conditions as well as
tunnel properties [1]. Ensuring the selection of appropriate support systems is critical for
maintaining stability and minimizing risks associated with ground movement and tunnel
collapse [2].

Traditional methods of tunneling support design rely on manual classification using systems
such as the Rock Mass Rating (RMR), Rock Structure Rating (RSR), and the Q-System. Under the
South African Council of 1973, the RMR system was made by Z.T. Bieniawski as one of the initial
tools in assessing rock masses [3]. Widely applicable in the field of engineering, the Rock Mass
Rating (RMR) system was created so that rock masses could be classified and a preliminary
stability could be determined to design the system of the support of the tunnels [4-5]. Another
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commonly used system is the Rock Structure Rating (RSR) system developed by Wickham et al.
1972, which was proposed to measure the quality of a rock mass and to decide on adequate support
to the underground activities [6]. The Rock Mass Rating (RMR) system is widely used in
engineering to classify rock masses and assess initial stability for tunneling support system design
[4-5]. The Rock Structure Rating (RSR) system, developed by Wickham et al. (1972), is used to
assess rock mass quality and determine the appropriate support for underground projects [6]. This
method considers multiple factors, helping engineers select suitable support systems and ensure
safety. The Tunnelling Quality Index (Q) system, introduced by Barton et al. in 1974 [7], integrates
multiple variables to assess rock mass quality and offers recommendations for advanced tunnel
reinforcement, such as bolts and shotcrete [8]. The Q-system has been widely applied in studies,
including those focusing on rock mass stability with cement grouting [9]. These three classification
systems, RMR, RSR, and Q is the foundation of the current research effort.

In the present world, technology plays a significant role in routine life across the globe.
Smartphones are common and widely used devices in digital media. These devices simplify
multiple comprehensive tasks by optimizing processes, especially in communication, information,
and calculation [10]. Now, there are more than 3.6 billion smartphones internationally, with the
market growing at an annual rate of approximately 8% [11]. In the presence of multiple operating
systems, Android operating system stands out due to its user-friendly interface, affordability, and
versatility. Android smartphones can easily support a wide range of applications, provided the
device meets the necessary specifications to ensure smooth operation without errors [11].

The purpose of this research is to develop and evaluate the TunnelEase Android application
to estimate preliminary geological stability and recommend appropriate provisions, including
waterproofing techniques, for tunnels based on rock mass quality and rating. The application will
leverage these ratings to provide accurate assessments and tailored recommendations. TunnelEase
distinguishes itself by integrating RMR, RSR, and Q-System methodologies into a mobile platform,
enabling real-time field assessments without the need for manual spreadsheet calculations. This
approach enhances efficiency, improves accuracy, and increases accessibility for field engineers.
To further emphasize its uniqueness, a brief comparative analysis is presented. TunnelEase is
designed to work seamlessly offline, ensuring uninterrupted real-time field assessments even in
areas with no internet connectivity. This addition will underscore TunnelEase's innovative
contribution to the industry. By combining advanced geotechnical principles with modern
technology, TunnelEase aims to streamline decision-making, save time in tunnel construction,
enhance the evaluation of geological conditions, and effectively address challenges in tunneling
support design and water management.

2. literature Review:

2.1. Rock Mass Rating (RMR)

The Rock Mass Rating (RMR) system was primarily introduced by Z.T. Bieniawski in 1973
[12]. Since its development, the system has evolved through extensive revisions and updates,
becoming a comprehensive and practical evaluation tool. The RMR systems generally consider six
parameters for each structural domain to assign the rock mass [13].

e Uniaxial Compressive Strength (UCS)
¢ Rock Quality Designation (RQD)
e  Spacing of Discontinuities
e Condition of Discontinuities
e  Groundwater Conditions
e  Orientation of Discontinuities
The addition of all six factors rating values can be calculated by Equation 1.

RMR=R;+R,+R3+Rs+R5+Rg (1)
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Where R; = rating of UCS, R,= rating of RQD, Rs= rating of spacing of discontinuities, 95
R4= rating of Condition of Discontinuities, Rs= rating of Groundwater Conditions, Re= 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
Classification parameters and their ratings
Parameter Ranges of values
Strength of intact rock 3-23 1-5 =1
matenial (MPa) UCS =230 MPa 100-250 MPa | 50-104) MPa 23-50 MPa a| MPa MPa
Eatings (1) 135 12 7 4 2 1 0
Dirill Care Quality ROD HWe-100% 75-00% 30-75% 25-50% <23%
Ratings (R2) 20 17 13 8 3
Space of discontinuities {m) =1 0.6-2 02-08 0.06-0.2 =006
Eatingsz (B3) 20 13 10 8 3
Veryrough | Slightly rough Shickened
surfaces not surfaces Slightly rough surfaces or
continuous separation surfaces gouge Smm Soft gouge =5mm thick
Condition of discontinuities No <lmm separation thick or oT separation >3mm
separation slightly <lIrmm highly | separation 1-3 continuens
Unweatherad weatherad weathered mm
wall rock wallz walls continuons
Batings (R4) 30 25 20 10 0
(General Completely
Groundwater Condition dry Damp Wet Dipping Flowing
Ratinz (R3) 15 10 7 4 0
Tunneling Very
Strike and dip orientation znd mines | Favourzble Favourahle Fair Unfavourable Very imfavourahle
Batmg (B6) 0 -2 -5 -10 -12
102
Table 2. RMR rating classes by (Z.T. Bieniawski et al. (1973) 103
EME Rating Clazs Number Description
81-100 I Very good rock
61-80 I Good rock
4160 111 Fair rock
21-40 v Poorrock
<21 v Verv poor rock
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
e  The origin of the rock type 116
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e  The hardness of the Rock
e  Geological structure

2. Parameter B, Geometry:
e  The spacing of joints.
e  The orientation of joints
The tunnel excavation.
3. Parameter C: physical condition

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

e  The position of the joints.
e  The amount of groundwater permeable.

The RSR system originally utilized numerical values. The methodological details are outlined
in these three significant tables, study is presented as Tables 3, 4, and 5. These tables are used to

assess the points for all RSR parameters.

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

. , Slightly Moderatelv Intensively
GB asic .Rm:k Type/ Hard | Medium | Soft | Decomposed | Massive Folded Folded or Folded or
eological Structure or Faulted Faulted
Faulted

Ieneons 1 2 3 4

Metamorphic 1 2 3 4

Sedimentary 2 3 4 4
Type 1 30 22 13 Q
Type2 27 2 13 &
Type 3 24 18 12 7
Type 4 19 13 10 o

Table 4. Rock Structure Rating (RSR) Parameters B: Geometry by Wickham et al. (1972)

Geological Condition
Anticipated water inflow
epm/1000ft of Tunnel
Parameter A (13-44) | Parameter B (45-75)
Condition Good Fair Poor Good Fair Poor
Mons 22 13 12 23 22 12
Sligth, =200 gpm 19 13 a 23 1% 14
Modem, 200-1000 gpm 13 22 7 21 16 12
Heavv. >1000 epm 10 g 6 18 14 10
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Table 5. Rock Structure Rating (RSR) Parameter C: physical condition by Wickham et al. (1972)

RSR support guidance and the selection of suitable tunnel support based on the rock mass's
RSR value are presented in Figure 1. Lower RSR values need stronger support like rock bolts and
shotcrete, while higher RSR values may require lighter support.

o Shotcrete 4 inen giameter
z rockbolts
= 6 H 20
(:,z) 60
x
> 8 WF 31
§
@ 8 WF 48
& 40
g 30 P | limi
® ¥ forra l()jo}ﬁaancrin l
rib spacing
Strike Prependicular to Axis Strike Parallel to Axis
Av L. . Direction of Derive Direction of Dirive
Average joint spacing Both With Dip Against Dip Either Direction
Flat Dipping Vertical Dipping Vertical | Flat Dipping Vertical
WVery closely jointed, =2 in g 11 13 10 12 8 9 7
Clozely jointed, 2-6 13 16 19 13 17 14 14 11
Moderately jointed, 6-12 in 23 24 23 19 12 23 23 19
Moderate to blocky, 1-2 f 30 32 36 25 a8 30 28 4
Blocky to massive, 2-4 ft 36 38 40 33 35 36 24 18
Maszive, =4 ft 440 43 43 37 40 40 38 34

Figure 1. RSR support estimation

2.3 Tunnelling Quality Index (Q) system

The Q-system was developed by Barton et al. in 1974, because of approximately 200 case
studies involving tunnels and caverns [14]. Studies have demonstrated that the Q-system is an
effective method for assessing tunnel support design. RMR and Q-System use similar approaches
but different mathematical aspects, Q-System factors combined into product [15], while RMR is
the addition sequence of their factors. Q-System is developed by their six factors in the quotient
form in Equation 3.

_ ROQD Jr Jw
~ Jn " Ja " SRF ©)

Where,
e RQD is the factor of Rock quality designation factor).
e Jnis (Joint set number factor).
e Jr, is (Joint roughness number factor).
e Ja, is (Joint alteration factor).
e Jw, is (Joint water reduction factor).
e  SRF is (Stress reduction factor).
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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
Rock Quality Designation ROD Range
Very Poor 0-25
Poor 25-50
Fair 30-75
Good 75-90
Excellent 90-100
174
Table 6 (b). Joint set number factor (Jn) by Barton et al. (1974) 175
Joint Set Number Jn
Massive, no or few joints 031

It

(One joint zat

Laa

One joint zet plus random joints

Two joint sets

4
Two joint set plus random joints G
2

Thres joint set

Three joint set plus random joints 12

Four or more joint sets, heavily jointes 15

Crmshed rock, earthlike 20

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

Joint Roughness Number Jr

(a) Rock-wall contact, (b) Rock wall contact before 10 cm shear

Dizcoutinous joints 4

Fough or imeeular, undulating 3

Smooth, undulating 2

Slickensided, undulzting 1.3

Eough or oregular, planar 1.

Smooth, planar 1

Shckensided, Planar 0.3

(c) No Rock-wall contact when shared

Zone containing clay minerals thick enough to prevent rock-wall contact 1

Sandv, eravelly or crushed zone thick enough to pravent rock-wall contact 1

177
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Table 6(d). Joint alteration factor (Ja) by Barton et al. (1974) 178
Dezeription of Joint Alteration Number Fri Angle Approx. Ja
{desrees)
fal Bacle seall ansntant fne watnawal Slnes snb: anafnes
(b} Rock-wall contact before 10 cm shear {thin mineral fillingz)
Sandy particles, clay-free dizintesrated rock, stc. 25-30° 4.0
| Stremgly over-consolidated non-softening clay minerz] fillings (contimons, but -
- . 1624 L]
< 5 mam thickmess)
Mediwm or low over-consolidated softening clay nuneral Allings (comtmuons, 116 80
| bt < 5 mom thackmess) =T ’
H| Swallmg-clay filings, 1.2, montmonllonite (contmuons, but < 5 mm thickness). 6_17° §_13
Valua of Ja depends on the percent of swalling clay size particles, and access - -
= (c} No Rock-wall contact when sheared (thick mineral fillings)
Zones or bandz of disintegrated or crushed rock and clay (see &, H, T for 674" 6.8 or 812
description of clay condition) - - B, or a-Ls
Zones or bands of zsilty- or sandy-clay, small elay fraction (non-softening) 5
Thack, contimmons zonsaz or bands of clay (zaa G, H, T for elay condition .
descrintion) 624 10,13, or 13 =20
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
Description of joint Reducing Factor Water P (Ke/em 2) Fuw
Dirv exccavation or minor inflow, 1.2, <5 L'eun locally <1 1
Ilediwm mflew or pressure, occasional cutwash of jomt Allings 1-1.5 0.66
Larze inflow or high prezsure in competent reck with unfillad jomts 1510 05
Larze inflow or high pressure. considerzbls outwash of joint fillmss 3510 033
Excaptionalby hizh mflow or water pressure at blastinz, dacaving with time =10 0.1-0.2
) o o ) ] =10 0.050.1
Exceptionally luzh mflow or water pressure contmmmng without noticeable decay
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Description of Stress Reduction Factor SRF
{a) Weakness zones interesting excavation, which cauze loozening of rock mazs when tunnel iz excavated
Multpls cecurrances of weakmess zones contaming clay or chemically disintesrated rock, very loose surroundms rock (anmy 10
depth)
Smgle weakness zons containing clay or chemically disintegratad rock (Depth of excavation = 530 m) 5
Zmgle wealmess zons containing clay or chamically disimtegrated rock (Diapth of excavation > 50 m) 15
Multiple shear zones 1n compatent rock (clayv-free) (Depth of excavation < 50 m) T3
Smgle shear zone in competent rock (clav-free) (Depth of ewcavation < 50 m) 5
Smgle shear zone in competent rock (clay-free) (Depth of ewcavation = 50 m) 23
Loosza, open jout, heavily jomtad (anmy dapth) 5
Table 6 (f2). Stress Reducing Factor (SRF) by Barton et al. (1974)
Dezcription gc ol e/ oc SRF
{b) Competent rock, rock stress problems
Lowr stress, near surface, open jomts 200 <001 135
Medium strazs, favorable stress condition 200-10 | 001 -003 1
High strazz, very tight structure. Usnally fz.r.ia?hle to stabuility, more favorable to wall -5 03 _04 05-3
stability.
Iloderate slabbing after = 1 hour in massive rock -3 0.5 -0.65 F-30
Elzbbing and rock burst after a faw mmutes in massrve rock 3-2 065-1 50 200
. . . . .. . 200 -
Heanry rock burst (straim-burst) and imomadiate dyname defonmation in massiva rock <2 =1 400
(c) Squeezing rock: plaztic flow in incompetent rock under the influence of high rock preszure e/ oc SEF
Wild squeszing rock prezsurs 1-3 i-10
Heavy squaezing rock pressure 5 10 -20
(d) Swelling rock: chemical swelling activity depending on prezence of water SEF
hiild swellng rock pressure 3=-10
Heavy swell rock pressure 1313

To assess the effectiveness of the proposed support system, the capacity of the support system
can also be evaluated. The Design Chart of Reinforcement support recommendations based on
tunnel conditions, including options like rock bolts, shotcrete, or steel sets in Figure 2
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Absorptx = =
= % 1400 1000017 5 o
Exceptionally| Extremely Very Poor | Fair| Good |V. Ext. |Exc
g| 100 r ‘ T . 9ood_good 20.0
< = HHH > HHH |- 2. 2! - FEE
£ I rod 8 5
2| 50 1.0
S g
= -
i = H
0 =
R :
: 2
5 & 4
E "
2 . .
E_ 2 Ll"“‘g&\‘@o’ L tHii1s
1 A I |
0.001 0.01 1.0 10.0 100 1000
RQD J, J.
Rock Mass inltyO-T X J_. X SRE orQ,_or Q,
REINFORCEMENT CATEGORIES
1) Unsupported 6) Fiber reinforced shotcrete and bolting,
2) Spot bolting, sb 910 12cm, S(fn)+B
3) Systematic bolting, B 7) Fiber reinforced shotcrete and bolting,
4) Systematic bolting (and unreinforced 1210 15cm, S(fn)+8
shotcrete, 4 to10cm, B(+S) 8) Fiber reinforced shotcrete > 15 cm, reinforced
§) Fiber reinforced shotcrete and bolting, ribs of shotcrete and bolting, S(f), RRS+8
S5to 9cm, S(f)+B 8) Cast concrete lining, CCA
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:

807 © AF 568 825 © T Ll .4 100

Select Method

i ‘

Ensure Tunnel Stability

Figure 3. User-Interface of TunnelEase application.

4. Application Examination:

The examination phase of TunnelEase has garnered positive response, highlighting its ease of
use, faster calculations, and reduced manual effort compared to traditional methods. By inputting
the random parameters of these three methods and working app accurately. Examination of the
application ensures accuracy and effectiveness in processing calculating logic. The correct
calculation results are validated by comparing the development application with table manual
calculations from MS Excel sheet. MS Excel is a logical program that is calculated across the globe.
The validation of TunnelEase was conducted by comparing its RMR, RSR, and Q-System
calculations with MS Excel, using their respective mathematical relations for parameter evaluation.
The results were identical, confirming accuracy with no observed discrepancies. The application's
results matched perfectly with the MS Excel sheet presented in the comparison in Table 7.
TunnelEase application evaluates rock stability and suggests support criteria as per design
requirements, ensuring efficient and reliable solutions for tunnel construction shown in Figure 4.

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

RMR-Classification

Parameters Ranges Ratings Excel Calculations TunnelEase
UCS (R1) 130 MPa 12 12
RQD (R2) 80% 17 17
Space of Discontinuities (R3) Im 20 20
Slightly rough surfaces sep-
Condition of Discontinuities (R4) aration <1mm slightly 25 25
weathered walls
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
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
Q-System Classification
Parameter Ranges Ratings Excel Calculation TunnelEase
RQD (%) 70-90% 825 825
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/IN*Jr/Ja*Iw/SRF)
Q= 413 4.13

The Snapshots illustrate inputs and outputs for the design evaluation by using RMR, RSR,
and Q-Systems. These methods classify outcome results and recommend the required support
stability and waterproofing techniques. These calculation values are impressive proof of the
accuracy and running process of the application with similar output with manual calculation in

Excel sheet
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11:02 ©

RMR Method Inputs

Uniaxial Compressive Strength

12 100-250 MPa (Rating: 12)
Rock Quality Designation (RQD)

17 75-90% (Rating: 17)
Spacing of Discontinuities

1. >2m (Rating: 20)
Condition of Discontinuities:

2. Slightly rough, slightly weathered, Le..
Groundwater Conditions:

Damp
Orientation of Discontinuities:

5. Very unfavorable (Rating: -12)

Calculate RMR

1F 461

10:26 © WF .l W4 528

Q Method Inputs
Rock Quality Designation (RQD).
82.5(75-90%) £

Joint Set Number (Jn)
4 Two joint sets -

RSR Method Inputs

Geological Rating
" 30 Hard rock, slightly faulted/folded -
Geometry Rating
36 Blocky to massive, 2-4 ft -
Groundwater and Joint Condition
25 None, good joint condition v

Joint Roughness Number (Jr).
3 Rough and irregular, undulating -

Joint Alteration Number (Ja)
1.0 Unaltered joint walls, surface stainin.. -

Calculate RSR

RSR Value: 91
Support: No support required
Waterproofing: Consult a waterproofing
expert

Joint Water Reduction Factor (Jw)

1.0 Dry excavation or minor inflow v
Stress Reduction Factor (SRF)

15 Heavy rockburst v

RMR Value: 72

occasional bolting.
Waterproofing: PVC/HDPE Sheet

Membranes (3-4 mm).

Support: Good Rock: Full face advance,

Membranes (1.5-3 mm) or Bituminous

calcula(e Q

Q Value: 4.13

Support: Systematic bolting (2-2.5

m spacing), wire mesh, 50-100 mm
shotcrete.

Waterproofing: Liquid membranes (1-2 mm))
or waterproof concrete with additives.

(@)

(b) (c)

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

recommendations for suitable support and impermeability measures.

5. Conclusion:

The TunnelEase Android application has been presented and evaluated in current research,
mobile application has the potential to transform tunneling support design by integrating the
methodologies of RMR, RSR, and the Q-system into a user-friendly platform. By simplifying rock
mass classification, it not only enhances the accuracy of assessments but also improves time
efficiency, making it an invaluable tool for field investigations. TunnelEase ensures accurate and
efficient tunneling assessments in all geological conditions without any limitations. Its offline
functionality allows users to operate it anytime. In rural and remote areas, there is a lack of reliable
internet connectivity. The application is highly functional with offline capabilities and safety in its
exploitation is promoted, the efficiency of tunnels creation is raised due to the quick and correct
pre-design of tunnel support which saves the manual labor and the time of engineering
decision-making. The software combines the latest geotechnics with the existing technology and
ensures the functionality and safety of the tunnel creation process.

Future development of this application will be addressed by increasing functionality of the
application such as integrating additional rock mass classification tools such as GSI, RMN and
RMi to make the application more versatile and adaptive. Tunnel Ease can contribute immensely
to improvement in the tunneling practice in the underground sector and provide the engineers with
the means which covers comprehensively effective cost effectiveness of designs in support systems.
This efficient stable and support system analysis constitutes a subset of a broader demand that the
traditional methods of carrying out these analyses are time consuming and labor intensive.

Utilization of sustainable inspection and appraisal instruments like TunnelEase is extremely
important when it comes to augmenting safety in tunnels and eliminating chances of rock mass
collapses. TunnelEase would enable engineers to develop tunneling projects and navigate through
uncertainties in the future due to spatial integration and ability to lead the way with the information.
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As aresult of utilizing this application, engineers are able not only to make the construction of their
tunnels more resistant and secure, but it is also their ability to extend the wellbeing of the entire
society as they will have secure transportation systems and will have minimal risks on the
environment.
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Abbreviations

The following abbreviations are used in this manuscript:

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

GSl Geological strength index
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