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ABSTRACT: Effective planning and scheduling are essential for the successful execution of tunnel construction 

projects. This study compares two widely used project management software applications, Microsoft Project and 

Primavera P6, for planning and scheduling activities in New Austrian Tunnelling Method (NATM) tunnel construction. 

The research evaluates their effectiveness in managing project activities, resources, timelines, and project complexity. 

 

Special emphasis is placed on developing and optimizing the Work Breakdown Structure (WBS) to improve project 

organization, resource utilization, and schedule control. The study examines the key features, advantages, and 

limitations of both software platforms and demonstrates their application through practical project scenarios. 

 

The findings highlight the role of an optimized WBS in enhancing project performance and provide guidance for 

selecting suitable project management tools for NATM tunnel projects. The study offers useful insights for construction 

professionals, project managers, researchers, and practitioners involved in tunnel construction planning and scheduling. 

 

KEYWORDS: NATM, Tunnel Construction, Work Breakdown Structure (WBS), Project Planning, Project 

Scheduling, Microsoft Project, Primavera P6, Project Management. 

 

I. INTRODUCTION 

 

1.1 General 

A Work Breakdown Structure (WBS) is a fundamental project management tool used to divide a complex project into 

smaller and manageable tasks. It provides a hierarchical framework that helps in organizing project activities, allocating 

resources, monitoring progress, controlling costs, and ensuring that project objectives are achieved efficiently. By 

clearly defining project components and their relationships, a WBS improves communication among stakeholders and 

minimizes the risk of scope deviations. 

 

1.2 Work Breakdown Structure (WBS) 

A Work Breakdown Structure is a systematic decomposition of a project into work packages and activities that can be 

planned, scheduled, monitored, and controlled effectively. It serves as the foundation for project planning and includes 

key project management functions such as project initiation, planning, scope management, scheduling, cost 

management, quality assurance, resource management, communication, risk management, procurement, execution, 

monitoring, and project closure. 

 

The major phases of a typical project WBS include: 

1. Project Initiation 

2. Project Planning 

3. Scope Management 

4. Time Management 

5. Cost Management 

6. Quality Management 

7. Human Resource Management 

8. Communication Management 

9. Risk Management 

10. Procurement Management 
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11. Project Execution 

12. Monitoring and Control 

13. Project Closure 

 

These phases help ensure that project activities are properly coordinated and completed within the approved scope, 

schedule, and budget. 

 

1.3 Development of WBS for NATM Tunnel Construction 

For tunnel construction using the New Austrian Tunnelling Method (NATM), the WBS can be organized into major 

project stages, including: 

1. Project initiation and approvals 

2. Site investigation and geotechnical studies 

3. Design and planning 

4. Site preparation 

5. Tunnel excavation and support installation 

6. Ground improvement and lining works 

7. Ventilation, electrical, and communication systems 

8. Safety management 

9. Quality control and testing 

10. Project monitoring and control 

11. Environmental management 

12. Commissioning and handover 

13. Project closure and post-construction monitoring 

This structured approach facilitates effective planning, resource allocation, progress tracking, and timely completion of 

tunnelling activities. 

 

1.4 Objectives 

The main objectives of this study are: 

1. To examine the geological characteristics of the project area. 

2. To understand the construction methodology adopted for the Head Race Tunnel. 

3. To study the principles and application of NATM. 

4. To evaluate the rock mass conditions encountered during excavation. 

5. To analyse construction data for determining activity cycle times. 

6. To develop planning and scheduling strategies based on cycle time analysis to reduce project delays. 

 

1.5 Organization of the Thesis 

This thesis is organized into five chapters. Chapter 1 introduces the study, objectives, WBS concept, and thesis 

structure. Chapter 2 presents a review of relevant literature. Chapter 3 describes the research methodology, including 

geological assessment, rock classification, support systems, and cycle time analysis. Chapter 4 focuses on developing a 

WBS for NATM-based tunnel construction. Chapter 5 discusses the results, conclusions, and recommendations for 

future work. The thesis concludes with references, annexures, and supporting documentation. 

 

II. LITERATURE SURVEY 

 

2.1 General 

The literature review examines previous studies related to project management, Work Breakdown Structure (WBS), 

tunnel construction, scheduling techniques, and risk management. It provides an understanding of established 

methodologies, highlights existing research gaps, and forms the foundation for the present study. The review also 

explores the application of WBS and project management tools in improving planning, scheduling, safety, and 

overall project performance in construction projects, particularly underground and tunnelling works. 
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2.2 Literature Review 

1. Lake (1993) emphasized the importance of Engineering Work Breakdown Structure (EWBS) in systems 

engineering and highlighted its role in project organization, team coordination, and technical reviews.  

2. Globerson (1994) explained that an effective WBS is essential for project planning and resource allocation. 

The study demonstrated that project success depends on proper alignment between WBS, organizational 

structure, and management style. 

3. Ayas (1999) identified organizational learning as a critical factor in project management and proposed a 

project network structure that integrates work, cost, and organizational breakdown structures to improve 

project performance. 

4. Abbasi et al. (2000) investigated project management practices in Jordan and found that successful project 

execution requires proper planning, scheduling, resource allocation, cost estimation, and training.  

5. Yeo (2002) highlighted the limitations of traditional project management approaches and proposed the use 

of systems thinking and learning-based methodologies to handle complex project environments.  

6. Hodgson (2002) critically examined project management as a professional discipline and discussed its 

influence on organizational practices and employee behaviour. 

7. Hillson (2003) introduced the Risk Breakdown Structure (RBS) as a tool for organizing and managing 

project risks systematically, similar to the role of WBS in project planning.  

8. Pollack (2006) analysed the evolution of project management theory and suggested that both hard and soft 

management approaches contribute to project success. 

9. Dewi et al. (2009) demonstrated the importance of WBS and safety planning in tunnel construction, 

proposing safety checklists and structured work packages to reduce construction risks.  

10. Nugroho et al. (2009) developed a standardized WBS for tunnel construction safety planning, enabling 

better hazard identification and accident prevention. 

11. Zecheru et al. (2016) highlighted WBS as a critical project management tool for planning, cost estimation, 

scheduling, resource management, and decision-making. 

12. Siami-Irdemoosa et al. (2016) introduced a hierarchical neural network approach for developing WBS in 

underground construction projects, resulting in improved project planning and scheduling.  

13. Radujkovi et al. (2017) distinguished project management success from project success and emphasized 

the importance of stakeholder satisfaction, quality, cost, and long-term project benefits. 

 

2.3 Critical Review 

The reviewed studies collectively establish the significance of Work Breakdown Structure (WBS) in project 

planning, scheduling, resource management, risk control, and project success. Several researchers highlighted the 

effectiveness of WBS in improving project organization and decision-making, while others explored advanced 

methodologies such as neural networks and ICT-based systems for developing project structures. Research related 

to tunnel construction emphasized the importance of safety planning, risk assessment, and structured project 

breakdowns in achieving successful project outcomes. 

 

However, limited studies specifically address the application of WBS in NATM tunnel construction integrated with 

modern scheduling tools such as Microsoft Project and Primavera P6. Therefore, the present study seeks to bridge 

this gap by developing an optimized WBS for NATM tunnel projects and evaluating its implementation through 

advanced planning and scheduling techniques to enhance project efficiency and reduce delays.  

 

III. METHODOLOGY 

 

3.1 General 

This study focuses on Tunnel T-12 and Tunnel T-13 of the Sivok-Rangpo New Single-Line Broad Gauge Railway 

Project. Tunnel T-12 extends from Chainage Km 37+097 to Km 38+531, while Tunnel T-13 extends from Km 

38+775 to Km 41+403. Both tunnels have an approximate excavation diameter of 9 m and are being constructed using 

the New Austrian Tunnelling Method (NATM). 

 

The study evaluates geological conditions, rock mass characteristics, support requirements, and excavation cycle 

times. These parameters form the basis for planning, scheduling, and Work Breakdown Structure (WBS) development 

using project management tools. 
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3.2 Geological Profile 

The project area lies within the Lesser Himalayan geological sequence and is predominantly composed of 

Paleoproterozoic rock formations. Geological investigations consisted of: 

1. Surface geological mapping 

2. Geotechnical investigations 

3. Structural mapping of joints and discontinuities 

4. Rock mass characterization 

5. Hydrogeological assessment 

 

The collected information was used to assess excavation conditions and determine suitable support systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 3.1. Rock Bed.     Figure: 3.2. Mudstone in Rock Bed. 

 

3.2.1 Rock Mass Characteristics 

Rock mass characterization was carried out based on: 

1. Rock Quality Designation (RQD) 

2. Joint orientation and spacing 

3. Discontinuity conditions 

4. Groundwater conditions 

 

1. Rock strength parameters 

These parameters were used to evaluate the stability of excavation faces and design appropriate tunnel support 

systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 3.3. Rock Core Sample during rock investigation 
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3.2.2 Geological Structures 

Geological interpretation using field observations and remote sensing identified: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 3.4. Rock Core Sample during rock investigation 

 

Lineaments 

Major lineament trends observed were: 

1. NE-SW 

2. NW-SE 

3. NNW-SSE 

4. NNE-SSW 

These structures indicate the presence of fractures and joint systems affecting rock mass behaviour. 

 

Faults 

No major regional fault zones were observed along the tunnel alignment. However, minor faulted and sheared zones 

were encountered locally, influencing excavation stability and groundwater inflow. 

 

Springs and Groundwater 

Several spring zones and seepage locations were identified near geological contacts and fractured rock masses. 

Groundwater inflow was a significant factor influencing support requirements in certain tunnel sections.  

 

3.2.3 Joint Pattern 

Four major discontinuity sets were identified within the rock mass. 

 

Table 3.1 Dip Characteristics of Major Joint Sets 

 

Joint Set Strike Direction Dip Angle 

S1 (Foliation) NW-SE to NNW-SSE 30° to 60° NE 

S2 NW-SE to NNW-SSE 40° to 60° SW 

S3 NE-SW 50° to 70° NW 

S4 NNE-SSW 65° to 80° SE 

 

3.2.4 Major Rock Types 

Quartzite 

Quartzite forms a significant portion of the tunnel alignment. It is generally hard, fine-grained, and exhibits moderate 

to very high strength. The rock contains multiple joint sets with variable persistence and spacing. 
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Table 3.2 Characteristics of Quartzite 

 

Set Orientation Persistence Aperture Spacing Condition 

S1 058-061/65-78 >20 m 1-5 mm 60-150 mm Smooth Planar 

S2 218-224/52-55 10-20 m 0.1-1 mm 1-5 m Smooth Planar 

S3 160-185/40-52 10-20 m 0.1-1 mm 2-10 m Slickenside 

S4 190-198/78-82 10-20 m 0.1-1 mm 2-10 m Smooth Planar 

 

Granite 

Granitic rock masses observed along the alignment were generally fresh to slightly weathered and exhibited moderate 

to high strength. Shear zones and foliated rock masses were encountered locally. 

 

Table 3.3 Characteristics of Granite 

 

Set Orientation Persistence Spacing Aperture Condition 

S1 060/60 10-20 m 10-100 cm Tight to 10 mm Smooth Planar 

S2 240/40 5-10 m 50-200 cm Tight to 10 mm Slightly Rough 

S3 330/70 2-5 m 50-200 cm Tight to 10 mm Slightly Rough to Smooth 

 

3.2.5 Rock Mass Rating (RMR) 

Rock Mass Rating (RMR), developed by Bieniawski (1973), was used to classify rock quality. 

The following six parameters were considered: 

1. Uniaxial Compressive Strength (UCS) 

2. Rock Quality Designation (RQD) 

3. Discontinuity Spacing 

4. Discontinuity Condition 

5. Groundwater Condition 

6. Discontinuity Orientation 

 

The RMR classification formed the basis for determining tunnel support requirements. 

 

3.2.6 Rock Quality Designation (RQD) 

RQD was used to assess rock mass quality based on core recovery data. 

 

 

 

 

RQD values indicated variable rock quality ranging from fair to very poor, especially in shear zones.  

 

3.2.7 Rock Strength 

Rock strength was determined using the Uniaxial Compressive Strength (UCS) test. 

 

Table 3.4 UCS Test Results 

 

Sample Density (g/cc) UCS (MPa) 

UCS-1 2.62 108.14 

UCS-2 2.63 108.90 

UCS-3 2.62 128.44 
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Average UCS = 115.16 MPa 

Based on ISRM classification, the rock falls within the Very Strong Rock (R5) category. 

 

Table 3.5 Rock Strength Classification 

 

Grade UCS (MPa) Description 

R0 0.25-1 Extremely Weak 

R1 1-5 Very Weak 

R2 5-25 Weak 

R3 25-50 Medium Strong 

R4 50-100 Strong 

R5 100-250 Very Strong 

R6 >250 Extremely Strong 

 

3.2.8 Anticipated Rock Support Classes 

Rock masses were classified using the Q-System and divided into six support classes. 

 

Table 3.6 Rock Support Classes 

 

Ground Type Description Q-Value Support Class 

GT-1 Slightly Jointed Quartzose Phyllite >10 I 

GT-2 Moderately Jointed Quartzose Phyllite 4-10 II 

GT-3 Highly Jointed Quartzose Phyllite 1-4 III 

GT-4 Moderately Jointed Phyllite 0.1-1 IV 

GT-5 Highly Jointed Phyllite 0.01-0.1 V 

GT-6 Sheared Rock Mass 0.001-0.01 VI 

 

3.3 Encountered Rock Classes 

During excavation, actual ground conditions were found to be weaker than predicted in several locations, particularly 

due to: 

• Shear zones 

• Groundwater ingress 

• Overbreak’s 

• Cavity formation 

• Weak phyllitic 

• rock masses 

 

Tunnel No-12 (T-12) 

Actual excavation encountered predominantly Class IV, V, and VI rock masses. Poor ground conditions and unstable 

slopes near portal locations affected excavation progress. 
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Table: 3.7. Comparison chart of anticipated and encountered support classes at T-12 

 

Support Classes Anticipated Length (m) Actual Length (m) 
Anticipated 

Percentage 

Actual 

Percentage 

Class-I 71.70 0 5.10% 0.00% 

Class-II 212.75 0 15.13% 0.00% 

Class-III 510.75 289.40 36.32% 20.59% 

Class-IV 457.20 395.20 32.51% 28.12% 

Class-V 138.80 445.80 9.87% 31.73% 

Class-VI 0 274.80 0.00% 19.56% 

Spl Class 15 0 1.05% 0.00% 

 Total 1406.20 1405.20 100% 100% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.3.9 Comparison of anticipated and actual rock support classes at T-12 
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Table: 3.8. Cycle Time as per Anticipated vs Actual rock support classes at tunnels T12. 

 

Tunnel No-13 (T-13) 

The tunnel alignment encountered highly fractured phyllite, quartzite bands, groundwater seepage, and large cavities. 

Additional support systems, including steel ribs and pipe roofing, were required at critical sections. 

 

Table: 3.9. Comparison chart of anticipated and encountered support classes at T-13 

 

Support Classes 
Anticipated 

Length (m) 
Actual Length (m) 

Anticipated 

Percentage 
Actual Percentage 

Class-I 0.00 0.00 0.00% 0.00% 

Class-II 131.40 0.00 5.13% 0.00% 

Class-III 1182.40 0.00 46.17% 0.00% 

Class-IV 888.05 511.45 34.67% 19.97% 

Class-V 235.30 1879.35 9.19% 73.38% 

Class-VI 97.00 170.35 3.79% 6.65% 

Spl Class 27 0.00 1.05% 0.00% 

 Total 2561.15 2561.15 100% 100% 
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Figure: 3.10. Comparison of anticipated and actual rock support classes at T-13 

 

Table: 3.10. Cycle Time as per Anticipated vs Actual rock support classes at tunnels T13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 Cycle Time Analysis for Planning and Scheduling 

Cycle time refers to the total duration required to complete one excavation-support cycle. 

The study analysed cycle times for: 

• Drilling 

• Charging and blasting 

• Mucking 

• Scaling 

• Shotcrete application 

• Rock bolting 

• Rib installation 
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• Survey and setting out 

The comparison between anticipated and actual rock classes showed that weaker ground conditions increased cycle 

durations and affected overall project progress. These findings were used to develop realistic schedules in Microsoft 

Project and Primavera P6 and to optimize the Work Breakdown Structure (WBS). 

 

Summary 

The methodology involved geological investigation, rock mass classification using RMR and RQD systems, 

evaluation of anticipated and actual support classes, and cycle time analysis of tunnel excavation activities. The 

results formed the basis for project planning, scheduling, and WBS optimization for NATM tunnel construction.  

 

IV. EXPERIMENTAL RESULTS 

 

Development pf Breakdown Structure for NATM Tunnel Construction. 

 

4.1 New Austrian Tunnelling Method (NATM) 

The New Austrian Tunnelling Method (NATM) is a widely adopted tunnel construction technique that utilizes the 

inherent strength of the surrounding rock mass to achieve tunnel stability. The method is based on continuous 

observation, monitoring, and adaptation of support measures according to changing ground conditions. 

NATM combines excavation with immediate primary support such as: 

• Rock bolts 

• Shotcrete 

• Wire mesh 

• Lattice girders or steel ribs 

The flexibility of NATM makes it suitable for varying geological conditions and allows support systems to be modified 

based on actual rock mass behaviour encountered during excavation. 

 

4.2 Methodology Adopted 

The study commenced with field investigations and geological assessments conducted in December 2021. Geological 

mapping, geotechnical investigations, and tunnel alignment studies were carried out to understand the subsurface 

conditions. Based on the findings, NATM was selected as the most appropriate excavation method. 

 

A three-dimensional geological model was developed to identify rock formations, discontinuities, groundwater 

conditions, and support requirements. 

 

Construction Sequence Using NATM 

4.2.1 Geological Investigation 

• Geological mapping 

• Stratigraphic assessment 

• Structural analysis 

• Rock mass characterization 

• Hydrogeological investigation 

 

4.2.2 Survey and Profile Marking 

The tunnel alignment and excavation profile were established using Total Station instruments to ensure excavation 

accuracy. 

(Figure 4.1 & Figure 4.2: Survey and Profile Marking) 

 

4.2.3 Portal Development 

Tunnel portals were constructed using stabilization measures such as: 

• Pipe roofing 

• Umbrella arch systems 

• Steel rib support 

(Figure 4.3 & Figure 4.4: Portal Development and Rib Erection) 
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4.2.4 Excavation 

Excavation was executed using the drill-and-blast method: 

• Drilling blast holes 

• Explosive charging 

• Controlled blasting 

• Ventilation and de-fuming 

(Figure 4.5 & Figure 4.6: Drilling, Charging and Blasting) 

 

4.2.5 Mucking 

Excavated material was removed using loaders and dumpers to maintain the excavation cycle. 

 

4.2.6 Profile Dressing 

Loose rock fragments were removed and the tunnel profile was corrected to the designed excavation shape. 

 

4.2.7 Rib or Lattice Girder Installation 

Steel ribs or lattice girders were installed wherever required to provide immediate support. 

(Figure 4.7: Lattice Girder Installation) 

 

4.2.8 Wire Mesh Installation 

Wire mesh was fixed to prevent rock falls and improve shotcrete bonding. 

(Figure 4.8: Wire Mesh Installation) 

 

4.2.9 Lagging and Backfilling 

Steel or RCC lagging was installed and voids were filled using backfill concrete. 

 

4.2.10 Rock Bolt Installation 

Systematic rock bolting was carried out to reinforce the rock mass and improve stability. 

(Figure 4.9: Rock Bolt Installation) 

 

4.2.11 Shotcrete Application 

Shotcrete was applied immediately after support installation to stabilize the excavation surface. 

(Figure 4.10 & Figure 4.11: Shotcrete Application) 

 

4.2.12 Quality Control Testing 

Quality assurance was performed through: 

• Shotcrete core tests 

• Pull-out tests for rock bolts 

• Concrete strength tests 

• Material quality assessments 

 

4.2.13 Gantry Preparation and Erection 

Gantry systems were assembled for tunnel lining works. 

 

4.2.14 Reinforcement Fixing 

Steel reinforcement was installed in accordance with tunnel lining design requirements. 

(Figure 4.12 & Figure 4.13: Reinforcement Installation) 

 

4.2.15 Concrete Lining 

Final concrete lining was cast to provide permanent support and ensure tunnel durability. 

(Figure 4.14: Completed Tunnel Lining) 
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4.2.16 Electrical and Finishing Works 

The final stage included: 

• Electrical installations 

• Lighting systems 

• Drainage systems 

• Finishing works 

 

4.2.17 Project Handover 

Following completion of testing and inspections, the tunnel was handed over for operational use. 

 

4.2.17 Project Photographs 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1   Figure 4.2       Figure 4.3   Figure 4.4 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5   Figure 4.6        Figure 4.7   Figure 4.8 

 

 

 

 

 

 

 

 

 

 

 

                                   Figure 4.9              Figure 4.10   Figure 4.11 
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4.3 Flow Chart of NATM Construction Process 

Geological Investigation → Survey & Marking → Portal Development → Excavation → Mucking → Profile Dressing 
→ Support Installation → Shotcrete → Quality Testing → Waterproofing → Reinforcement → Concrete Lining → 
Finishing Works → Commissioning → Handover 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Figure 4.15: Flow Chart of NATM Tunnel Construction) 

 

4.4 Microsoft Project (MS Project) 

Microsoft Project (MSP) is a project planning and scheduling software used to manage project activities, resources, 

costs, and timelines. 

 

Major features include: 

• Work Breakdown Structure (WBS) 

• Gantt Charts 

• Resource Allocation 

• Critical Path Calculation 

• Progress Tracking 

• Cost Monitoring 

MS Project is particularly suitable for small to medium-sized construction projects where scheduling and progress 

monitoring are required. 

 

4.5 Primavera P6 

Primavera P6 is an advanced enterprise project management software widely used for large and complex infrastructure 

projects. 
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Major features include: 

• Advanced Scheduling 

• Resource Optimization 

• Multi-user Environment 

• Earned Value Management 

• Multiple Critical Path Analysis 

• Portfolio Management 

• Risk Integration 

 

Due to its superior scheduling and reporting capabilities, Primavera P6 is extensively used for mega infrastructure 

projects including tunnels, highways, railways, and metro systems. 

 

4.6 Work Breakdown Structure (WBS) for Railway Tunnel Construction 

The Work Breakdown Structure developed for tunnel construction using NATM is organized into project initiation, 

construction, support installation, lining works, finishing activities, and project handover. 

 

4.6.1 Project Initiation 

 

4.6.1.1 Letter of Acceptance (LOA) 

 

4.6.1.2 Mobilization of Equipment 

 

4.6.1.3 Mobilization of Workforce 

 

4.6.1.4 Land Acquisition 

 

4.6.1.5 Establishment of Site Facilities 

• Site Office 

• Laboratory 

• Worker Accommodation 

• Utilities 

4.6.2 Construction Activities 

 

4.6.2.1 Approach Road and Site Clearing 

 

4.6.2.2 Survey and Setting Out 

 

4.6.2.3 Tunnel Excavation 

• Profile Marking 

• Drilling 

• Charging and Blasting 

• De-fuming 

• Mucking 

4.6.2.4 Primary Support System 

• Rock Bolting 

• Wire Mesh Installation 

• Lattice Girder / Steel Rib Installation 

• Shotcrete Application 

• Invert Construction 

• Drainage Installation 
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4.6.2.5 Tunnel Lining Works 

• Surface Preparation 

• Waterproofing Membrane 

• Geotextile Installation 

• Gantry Erection 

• Kerb Construction 

• Crown Lining 

• Central Drain Construction 

• Second Stage Concreting 

• Final Concrete Lining 

 

4.6.2.6 Finishing Works 

• Grouting 

• Surface Finishing 

• Electrification 

• Lighting 

• Auxiliary Installations 

 

4.6.3 Project Close-Out and Handover 

• Removal of Temporary Facilities 

• Site Restoration 

• Equipment Demobilization 

• Testing and Commissioning 

• Project Handover 

 

4.7 Comparison of Critical Path Method (CPM) in MSP and Primavera P6 

4.7.1 Critical Path Method (CPM) 

Critical Path Method (CPM) is a scheduling technique used to identify the sequence of activities that determines the 

minimum project completion duration. Activities on the critical path have zero float and directly affect project 

completion dates. 

 

Benefits include: 

• Schedule optimization 

• Resource prioritization 

• Delay identification 

• Progress monitoring 

 

4.7.2 CPM Analysis in Microsoft Project 

Microsoft Project calculates the critical path automatically based on activity durations and relationships. 

Key Features 

• Single critical path visualization 

• Gantt chart highlighting 

• Resource leveling 

• Float calculation 

• Progress tracking 

 

Advantages 

• User-friendly interface 

• Faster implementation 

• Suitable for medium-scale projects 
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Limitations 

• Limited multiple critical path analysis 

• Less powerful for mega infrastructure projects 

 

4.7.3 CPM Analysis in Primavera P6 

Primavera P6 provides a more advanced CPM environment. 

Key Features 

• Longest Path Analysis 

• Multiple Float Paths 

• Level of Effort (LOE) Activities 

• Advanced Resource Optimization 

• Multi-user Collaboration 

 

Advantages 

• Better handling of large project networks 

• Advanced reporting and dashboards 

• Superior scheduling flexibility 

• Strong resource management 

 

Limitations 

• Steeper learning curve 

• Higher implementation cost 

 

4.8 Summary 

The NATM construction methodology was analysed to develop a comprehensive Work Breakdown Structure for 

railway tunnel construction. The developed WBS was subsequently implemented in Microsoft Project and Primavera 

P6 for planning and scheduling purposes. While Microsoft Project offers a straightforward approach suitable for 

medium-sized projects, Primavera P6 provides advanced scheduling, critical path analysis, and resource management 

capabilities, making it better suited for large and complex tunnel projects. The WBS developed in this study forms the 

basis for effective project planning, cycle-time analysis, and schedule optimization for NATM-based tunnel 

construction. 

 

V. DISCUSSION AND RESULTS 

 

5.1. Cycle Time Analysis 

 

Table: 5.1. Cycle Time as per each activity 

 

Sivok to Rongpo BG Railway Line Project 

Cycle Time 

T1P2 Chainage Pull Activity Time Cycle 

Date 
Fro

m 
To 

N

o 

Leng

th 

Profi

le 

Mar

king 

Face 

Drilli

ng 

Loadin

g & 

Chargi

ng 

Blast 

& 

Defu

ming 

Muc

king   

Sealin

g 

Shotcr

ete 

LG 

Erec

tion 

Wire 

mesh 

fixin

g 

Shot

crete  

Ro

ck 

bol

tin

g 

01-09-

2022 

3313 3311             2:30 01:30     3:30 
4:3

0 

3311.

5 

3309.

5 
1 2 00:15 2:05 1:20 0:30 4:20 01:00     4:20   

02-09-

2022 

3309.

5 

3307.

5 
2 2 01:00 3:30 2:30 0:30 6:00 00:30       

7:4

0  

03-09-

2022 
                01:00     4:00 

4:3

0 
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3307.

5 

3305.

5 
3 2 01:00 4:30 2:30 0:30 6:00 01:30      3:00 

1:3

0  

04-09-

2022 

3305.

5 

3303.

5 
4 2 01:00 3:00 2:30 0:30 6:30 01:30 01:00   2:00   

05-09-

2022 

3303.

5 

3301.

5 
5 2 01:00 3:30 2:00 0:30 0:30 01:00 09:00 01:30 4:30 

0:3

0 

06-09-

2022 

3301.

5 

3299.

5 
6 2 00:50 3:20 2:10 0:30 4:30 01:30     3:40 

7:3

0 

07-09-

2022 

              7:00 01:30     4:45   

3299.

5 
3297 7 2.5 01:00 3:00 2:30 0:30 3:45           

08-09-

2022 
3297 3295 8 2 01:00 3:30 2:40 0:30 7:20 01:30     4:45 

4:1

5 

09-09-

2022 
              6:40 02:15 07:00 03:50 4:15   

10-09-

2022 
3295 3293 9 2 01:00 2:50 2:00 0:30 5:20 01:50 01:30 01:30 6:00 

1:3

0 

11-09-

2022 
3293 3291 

1

0 
2 01:00 2:40 2:30 0:30 5:00 01:30 05:00 01:20 4:30   

12-09-

2022 
3291 3289 

1

1 
2 01:00 4:00 3:00 0:30 5:00       7:50 

2:4

0 

13-09-

2022 

              1:00 02:00     3:00 
1:3

0 

3289 3287 
1

2 
2 00:40 2:20 2:00 0:30 4:30 01:30     2:30 

2:3

0 

14-09-

2022 
3287 3285 

1

3 
2 00:50 2:50 2:00 0:30 6:00 02:00 06:20 02:00 1:30   

15-09-

2022 
3285 3283 

1

4 
2 01:00 2:20 2:00 0:30 4:00       5:30 

8:2

0 

16-09-

2022 

              1:15 01:30     4:30   

3283 3281 
1

5 
2 00:50 3:00 1:50 0:30 4:40 01:30 04:15   1:00   

18-09-

2022 

3294 3289             1:30 00:30   02:00 9:30 
3:3

0 

3281 3279 
1

6 
2 01:00 3:20 2:10 0:30             

19-09-

2022 
              6:00 01:30     2:30 

5:3

0 

Total     
1

6 
32.5 14:25 49:45 35:40 8:00 99:20 28:35 

34:0

5 

12:1

0 

87:0

5 

55:

55 

Cycle Time for 2-meter pull With LG & Wire mesh  

Total Time for 2-meter 

pull 

1

6 
32.5 14:25 49:45 35:40 8:00 99:20 28:35 34:05 12:10 87:05 

55:

55 

Average Cycle Time of each Activity 0:53 3:03 2:11 0:29 6:06 1:45 2:05 0:44 5:21 
3:2

6 

AVERAGE CYCLE TIME 26:09 
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Table: 5.2. Cycle Time as per each activity 

 

Sivok to Rongpo BG Railway Line Project 

Cycle Time 

T1P1 Chainage Pull Activity Time Cycle      

Date From To No Le

ngt

h 

Profil

e 

Mark

ing 

Face 

& 

Botto

m 

Brea

king  

Muck

ing   

LG/ 

RIB 

Erect

ion 

Seali

ng 

Shotc

rete 

Shotc

rete 

SDA 

Rock 

bolt 

Fore 

polin

g/pip

e 

roofi

ng  

Wire 

mesh 

fixing 

01-09-2022 1132.7 1136.7   0:30 2:20 2:00 1:30 0:40 3:15 10:30  0:30 

02-09-2022 1136.7 1139.7   0:30 2:05 2:45 1:35 0:50 4:45    

 1139.7 1140.7 1 1.0 0:45 4:30 2:00       

03-09-2022     0:40 1:50 4:30 2:40 1:30 6:00  6:00 0:50 

04-09-2022 1140.7 1141.7 2 1.0 1:30 2:55 3:50 2:10 1:15 3:00  2:15  

 1141.7 1142.7 3 1.0 1:20 1:20 1:25 1:15   1:45   

05-09-2022         1:00 6:00 4:00  1:20 

 1142.7 1143.7 4 1.0 1:05 3:30 4:40 2:05 1:00     

06-09-2022 1143.7 1144.7 5 1.0 0:30 2:00 2:45 2:00 1:00 6:15 0:40 2:20  

 1144.7 1145.7 6 1.0 0:30 3:00 3:00       

07-09-2022     0:30 1:00 1:00 2:15 1:15 4:45 3:30  0:45 

 1145.7 1146.7 7 1.0 1:00 3:30 4:30       

08-09-2022        2:45 0:30 4:45 0:30 3:30 0:30 

 1146.7 1147.7 8 1.0 0:30 2:30   2:00     

09-09-2022       1:30  0:30 2:30 6:00   

10-09-2022        2:30   4:00 1:30 1:30 

12-09-2022 1147.7 1148.2 9 0.5 1:00 3:00 2:05 1:50 0:50 2:45    

 1148.2 1148.7 10 0.5 1:10 2:50 1:25 1:35      

13-09-2022 1148.7 1149.2 11 0.5 0:50 6:00 2:20 1:10 1:00 2:45    

 1149.2 1149.7 12 0.5 0:50 2:10 2:15 1:10 1:30 2:00    

14-09-2022 1149.7 1150.2 13 0.5 0:30 5:30   2:00 4:30 4:30 6:00 1:00 

15-09-2022      7:00 5:30 1:50 1:30 5:30 2:00  1:00 

16/09/2022 1150.2 1150.7 14 0.5 1:00 4:00 2:20 1:20 1:00 3:15 12:00  3:45 

18/09/2022 1150.7 1151.2 15 0.5 1:15 6:45 4:40 2:00 0:55 0:30    

 1151.2 1151.7 16 0.5 0:45 2:00 2:00 1:45 0:45 1:10    

19/09/2022 1151.7 1152.7 17 1.0 1:15 5:45 3:45 1:15  7:00 2:30  2:30 

Total   33 13.

0 

17:55 71:30 60:15 34:40 21:00 69:40 51:55 21:35 13:40 

Note: -              

1. Total Time for 1-mtr pull 9 9.0 10:05 33:55 35:40 20:30 10:50 41:15 20:25 15:35 4:55 

Average Cycle Time of each Activity 1:07 3:46 3:57 2:16 1:12 4:35 2:16 1:43 0:32 

AVERAGE CYCLE TIME   21:27        

2. Cycle Time for 0.5-mtr pull         

Total Time for 0.5-Mtr pull 8 4.0 7:20 35:15 22:35 12:40 9:30 28:25 21:00 6:00 8:15 

Average Cycle Time of each Activity 0:55 4:24 2:49 1:35 1:11 3:33 2:37 0:45 1:01 

AVERAGE CYCLE TIME   18:52        
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5.2. Planning & Scheduling for BG Railway Tunnel in MSP. 

Planning: 5.1. MSP Scheduling for T12 &T13, Sevok (West Bengal) to Rangpo (Sikkim) New Single line BG Railway 

Line Tunnel Project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Planning: 5.2. The red activity in the Gantt Chart indicates the critical activity of the project. 
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Planning: 5.3. Network Diagram – Project Summary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Planning: 5.4. Organize Chat. 
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Planning: 5.5. Burndown Chart. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table: 5.3. Ideal Cycle Time for Planning and Scheduling 

 

S. No. RQD (%) Rock Quality Pull Length (m) Cycle time (HH: MM) 

1 50-100 Fair, Good & Excellent 2 26:09 

2 25-50 Poor 1 21:27 

3 <25 Very Poor 0.5 18:52 

 

VI. CONCLUSION 

 

6.1 General 

This study examined the development and application of a Work Breakdown Structure (WBS) for tunnel construction 

using the New Austrian Tunnelling Method (NATM). The construction process was systematically decomposed into 

measurable work packages covering geological investigation, site establishment, portal development, excavation, 

primary support, waterproofing, permanent lining, finishing works, testing, commissioning, and project handover. 

 

The study confirms that an effective WBS must be prepared with sound civil engineering knowledge and a clear 

understanding of the construction methodology, site constraints, resource requirements, and anticipated ground 

conditions. An inadequately defined WBS may result in incomplete activity sequencing, incorrect duration estimates, 

resource conflicts, inaccurate progress measurement, and unreliable cost and schedule forecasts. 

 

For NATM tunnel construction, planning must remain responsive to changes in rock class, groundwater conditions, 

overbreak, cavity formation, shear zones, and support requirements. Consequently, the construction schedule should 

integrate activity dependencies, excavation cycle times, available working fronts, resource productivity, and support-

class-specific durations. Manpower, materials, plant, machinery, and specialist resources must be assigned to individual 

work packages based on realistic production rates and site availability. 

 

The integration of the WBS with the Critical Path Method (CPM) provides a structured basis for identifying critical and 

near-critical activities, determining total and free float, evaluating schedule slippage, and implementing corrective 

measures. Microsoft Project and Primavera P6 support baseline preparation, activity sequencing, resource loading, 

progress updating, variance analysis, and schedule forecasting. However, the reliability of software-generated outputs 

depends primarily on the accuracy of activity data, logical relationships, calendars, productivity assumptions, and field 

updates entered by the planning team. 

 

6.2 Conclusion 

The WBS developed in this study provides a structured planning framework for NATM tunnel construction. By 

converting the complete project scope into defined and controllable work packages, the WBS supports activity 

identification, responsibility assignment, quantity assessment, duration estimation, resource loading, cost allocation, 

and systematic progress monitoring. 
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NATM is an observational and adaptive construction method in which excavation and support decisions are modified 

according to actual ground response. Therefore, effective planning requires continuous coordination among the 

geological, geotechnical, design, construction, quality, safety, and planning teams. Geological mapping, 

instrumentation data, face observations, encountered rock classes, groundwater conditions, and installed support 

measures should be incorporated into periodic schedule updates. 

 

The comparison of anticipated and encountered ground conditions demonstrates that geological uncertainty can 

significantly influence advance rates and excavation cycle times. Poor or highly fractured rock generally requires 

shorter excavation rounds, immediate stabilization, heavier support systems, additional testing, and increased 

monitoring. These requirements extend the construction cycle and may affect the critical path. Schedule development 

based only on anticipated geology may therefore produce unrealistic completion forecasts. 

 

Cycle-time-based scheduling provides a more reliable approach for tunnel planning because it links project duration 

with actual excavation and support operations. Each excavation cycle should account for profile marking, drilling, 

charging, blasting, de-fuming, mucking, scaling, geological mapping, rock-bolt installation, wire-mesh fixing, rib or 

lattice-girder erection, shotcrete application, surveying, and quality inspection. Analysis of these repetitive operations 

enables planners to determine achievable productivity, identify operational bottlenecks, and establish realistic activity 

durations. 

 

Microsoft Project is suitable for relatively straightforward project schedules and provides accessible tools for Gantt-

chart preparation, resource assignment, baseline comparison, and critical-path identification. Primavera P6 provides 

stronger capabilities for large and complex infrastructure projects through detailed coding structures, multiple calendars, 

multi-project control, resource analysis, longest-path evaluation, multiple-float-path analysis, and comprehensive 

progress reporting. For major tunnel projects involving several construction fronts and extensive activity networks, 

Primavera P6 generally provides greater planning and control flexibility. 

 

The principal conclusions of the study are as follows: 

A technically defined WBS is the foundation of effective tunnel planning and control. It ensures that the entire project 

scope is included and divided into measurable work packages. 

 

The WBS must reflect the actual NATM construction sequence. Geological investigation, excavation, primary support, 

monitoring, waterproofing, lining, finishing, testing, and handover must be logically connected. 

 

Geological variability is a major schedule driver. Changes in rock class, groundwater inflow, shear zones, cavities, and 

overbreak directly influence excavation productivity, support quantities, resource requirements, and project duration. 

Cycle-time analysis improves schedule reliability. Activity durations based on actual production data provide more 

realistic forecasts than durations based only on generalized assumptions. 

 

Resource loading is essential for an executable schedule. Manpower, equipment, materials, and working fronts must be 

matched with activity requirements and site constraints. 

 

CPM analysis facilitates schedule prioritization. Critical and near-critical activities require close monitoring because 

delay in these activities can affect contractual milestones and overall completion. 

 

Regular schedule updating is necessary during construction. Actual progress, encountered geology, revised productivity, 

approved changes, and recovery measures must be incorporated into the schedule at defined data dates. 

 

Planning software cannot replace engineering judgement. Microsoft Project and Primavera P6 perform calculations 

using the supplied inputs, but accurate planning depends on technically valid logic, durations, calendars, constraints, 

and resource assumptions. 

 

Primavera P6 is more appropriate for highly complex tunnel projects, while Microsoft Project remains effective for 

smaller or less complex schedules with limited interfaces and activity networks. 
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Integration between field data and project controls improves decision-making. Timely coordination among construction, 

geology, quality, safety, commercial, and planning teams supports accurate forecasting and early implementation of 

mitigation measures. 

 

In conclusion, the WBS-based planning methodology developed for NATM tunnel construction establishes an effective 

foundation for schedule development, resource optimization, cost control, progress measurement, and delay mitigation. 

When supported by realistic excavation cycle times, regular field updates, CPM analysis, and competent engineering 

judgement, this framework can improve construction productivity and strengthen project control. The systematic 

application of the WBS through Microsoft Project or Primavera P6 contributes to the safe, economical, and timely 

delivery of tunnel infrastructure. 
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