DEPARTMENT OF THE ARMY
U.S. Army Corps of Engineers

EM 1110-2-2901

CECW-EG Washington, DC 20314-1000
Manual
No. 1110-2-2901 30 May 97
Engineering and Design
TUNNELS AND SHAFTS IN ROCK
Table of Contents

Subject Paragraph Page Subject Paragraph Page
Chapter 1 Explorations for Preconstruction
Introduction Planning and Engineering . . .. .. .. 4-3 4-3
Pupose .......... ... . . i 1-1 1-1 Testing of Intact Rock and
SCOPE . v 1-2 1-1 Rock Mass ................... 4-4 4-6
Applicability .................... 1-3 1-1 Presentation of Geotechnical
References ...................... 1-4 1-1 Data ............. ...t 4-5 4-10
Distribution . .................... 1-5 1-1 Geologic Investigations During
Terminology . ............. .. ..... 1-5 1-1 Construction .. ................ 4-6 4-10
Chapter 2 Chapter 5
General Considerations Construction of Tunnels and Shafts
Approach to Tunnel and Shaft General . ........ ... . ... 51 51

Design and Construction ... ........ 2-1 2-1 Tunnel Excavation by Drilling
Rock as a Construction Material . ... .. 2-2 2-1 andBlasting .................. 5-2 51
Methods and Standards of Design . . . .. 2-3 2-1 Tunnel Excavation by
Teamwork inDesign . ............. 2-4 2-1 Mechanical Means ............. 5-3 5-8
The Process of Design Initial Ground Support ........... 5-4 5-13

and Implementation . ............. 2-5 2-2 Sequential Excavation and

Support . ... 55 5-28

Chapter 3 Portal Construction . ............. 5-6 5-30
Geology Considerations Shaft Construction .............. 5-7 5-33
General ......... ... . i 31 31 Options for Ground
Properties of Intact Rocks . .......... 3-2 31 Improvement ................. 5-8 5-37
Faults, Joints, and Bedding Drainage and Control

Planes. .. ....... ... ... . ... 3-3 3-6 of Groundwater ............... 5-9 5-39
Weathering . . .................... 34 39 Construction of Final, Permanent
Geohydrology . .. ......... ... ... 35 39 Tunnel Linings ................ 5-10 5-40
GasesintheGround . .............. 3-6 3-18 Ventilation of Tunnels

and Shafts. ................... 5-11 5-43

Chapter 4 Surveying for Tunnels
Geotechnical Explorations for andShafts. ................... 5-12 5-45
Tunnels and Shafts Construction Hazards and
General ......... ... . i 4-1 4-1 Safety Requirements. ........... 5-13 5-47
Explorations for Environmental Considerations

Reconnaissance and andEffects ................... 5-14 5-52

Feasibility Studies ............... 4-2 4-1 Contracting Practices ............ 5-15 5-56



EM 1110-2-2901
30 May 97

Subject Paragraph

Practical Considerations
for the Planning of
Tunnel Projects . ................ 5-16

Chapter 6
Design Considerations
Fundamental Approach to Ground

Support Design . ................ 6-1
Functional Requirements of

Tunnelsand Shafts . ............. 6-2
Modes of Failure of Tunnels

and Shafts . .................... 6-3
Seismic Effects on Tunnels,

Shaftsand Portals . .............. 6-4
Chapter 7
Design of Initial Support
Design of Initial Ground Support . . . . . 7-1
Empirical Selection of

Ground Support ... ... 7-2
Theoretical and Semitheoretical

Methods ...................... 7-3
Design of Steel Ribs and

LatticeGirders ................. 7-4
Chapter 8
Geomechanical Analyses
General Concepts . ............... 8-1
Convergence-Confinement Method . .. 8-2
StressAnalysis ... 8-3

Continuum Analyses Using Finite
Difference, Finite Element,

or Boundary Element Methods .. ... 8-4
Discontinuum Analyses . ........... 8-5
Chapter 9
Design of Permanent, Final Linings
Selection of a Permanent Lining ... .. 9-1
General Principles of Rock-Lining

Interaction .. ................... 9-2
Design Cases and Load Factors

forDesign ..................... 9-3
Design of Permanent Concrete

Linings ......... . it 9-4

Design of Permanent Steel
Linings . ........ . i 9-5

Page

5-58

6-11

6-23

7-1

7-9

7-20

8-1
8-8
8-8

8-13
8-19

9-1

9-3

9-4

9-4

9-12

Subject Paragraph

Chapter 10
Instrumentation and Monitoring
Purposes of Instrumentation

and Monitoring . ............... 10-1
Planning and Designing the
Monitoring Program ............ 10-2

Monitoring of Tunnel and
Underground Chamber

Construction .................. 10-3
Appendix A
References
Required Publications ............ A-1
Related Publications ............. A-2
Related References .............. A-3
Appendix B

Frequently Used Tunneling Terms

Appendix C
Tunnel Boring Machine
Performance Concepts
and Performance Prediction
TBM Design and Performance

Concepts . ... C-1
TBM Penetration Rate

Prediction From Intact

Rock Properties ... ............. C-2
TBM Performance Prediction
viaLinear Cutter Testing......... C-3

Impact of Rock Mass
Characteristics on TBM

Performance Prediction .. ........ C-4
Impact of Cutting Tools

on TBM Performance ........... C-5
The EMI TBM Utilization

PredictionMethod . ............. C-6
The NTH TBM Performance

Prediction Methodology . ........ C-7
Appendix D

Conversion Factors

Page

10-1

10-1

10-4

A-1
A-1

C-1

C-3

C-6

C-6

C-9

C-10



