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FOREWORD TO FHWA MANUAL 
 
The Federal Highways Administration Technical Manual for Design and Construction of Road Tunnels—Civil Elements 
has been published to provide guidelines and recommendations for planning, design, construction, and structural 
rehabilitation and repair of the civil elements of road tunnels, including cut-and-cover tunnels, mined and bored tunnels, 
immersed tunnels, and jacked box tunnels. The latest edition of the AASHTO LRFD Bridge Design Specifications and the 
AASHTO LRFD Bridge Construction Specifications are used to the greatest extent applicable in the design examples. This 
Manual focuses primarily on the civil elements of design and construction of road tunnels. It is the intent of FHWA to 
collaborate with AASHTO to further develop manuals for the design and construction of other key tunnel elements, such 
as ventilation; lighting; fire life safety; and mechanical, electrical, and control systems.  
 
FHWA intends to work with road tunnel owners in developing a manual on the maintenance, operation, and inspection of 
road tunnels. This Manual is expected to expand on the two currently available FHWA publications: 1) Highway and Rail 
Transit Tunnel Inspection Manual and 2) Highway and Rail Transit Tunnel Maintenance and Rehabilitation Manual. 
 

 

                                                                                       
M. Myint Lwin, Director 

Office of Bridge Technology 
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PREFACE 
 
The increased use of underground space for transportation systems and the increasing complexity and constraints of 
constructing and maintaining above ground transportation infrastructure have prompted the need to develop this technical 
manual. This FHWA Manual is intended to be a single-source technical manual providing guidelines for planning, design, 
construction, and rehabilitation of road tunnels, and encompasses various types of tunnels including mined and bored 
tunnels (Chapters 6–10), cut-and-cover tunnels (Chapter 5), immersed tunnels (Chapter 11), and jacked box tunnels 
(Chapter 12). 
 
The scope of the Manual is primarily limited to the civil elements of design and construction of road tunnels. FHWA 
intended to develop a separate manual to address in details the design and construction issues of the system elements of 
road tunnels including fire life safety, ventilation, lighting, drainage, finishes, etc. This Manual therefore only provides 
limited guidance on the system elements when appropriate. 
 
Accordingly, the Manual is organized as presented below: 
 
Chapter 1 is an introductory chapter and provides a general overview of the planning process of a road tunnel project 
including alternative route study, tunnel type study, operation and financial planning, and risk analysis and management. 
 
Chapter 2 provides the geometrical requirements and recommendations of new road tunnels including horizontal and 
vertical alignments and tunnel cross section requirements. 
 
Chapter 3 covers the geotechnical investigative techniques and parameters required for planning, design, and construction 
of road tunnels. In addition to subsurface investigations, this chapter also addresses in brief information study; survey; site 
reconnaissance, geologic mapping, instrumentation, and other investigations made during and after construction. 
 
Chapter 4 discusses the common types of geotechnical reports required for planning, design, and construction of road 
tunnels including Geotechnical Data Report (GDR), which presents all the factual geotechnical data; Geotechnical Design 
Memorandum (GDM), which presents interpretations of the geotechnical data and other information used to develop the 
designs; and Geotechnical Baseline Report (GBR), which defines the baseline conditions on which contractors will base 
their bids. 
 
Chapter 5 presents the construction methodology and excavation support systems for cut-and-cover road tunnels, 
describes the structural design in accordance with the AASHTO LRFD Bridge Design Specifications, and discusses various 
other design issues. A design example is included in Appendix C. 
 
Chapters 6 through 10 present design recommendations and requirements for mined and bored road tunnels. 
 
Chapters 6 and 7 present mined/bored tunneling issues in rock and soft ground, respectively. They present various 
excavation methods and temporary support elements and focus on the selection of temporary support of excavation and 
input for permanent lining design. Appendix D presents common types of rock and soft ground tunnel boring machines 
(TBM). 
 
Chapter 8 addresses the investigation, design, construction, and instrumentation concerns and issues for mining and 
boring in difficult ground conditions including mixed face tunneling; high groundwater pressure and inflow; unstable 
ground such as running sands, sensitive clays, faults, shear zones, etc.; squeezing ground; swelling ground; and gassy 
ground. 
 
Chapter 9 introduces the history, principles, and recent development of mined tunneling using Sequential Excavation 
Method (SEM), also commonly known as the New Austrian Tunneling Method (NATM). This chapter focuses on the 
analysis, design, and construction issues for SEM tunneling. 
 
Chapter 10 discusses permanent lining structural design and detailing for mined and bored tunnels based on LRFD 
methodology, and presents overall processes for design and construction of permanent tunnel lining. It encompasses 
various structural systems used for permanent linings including cast-in-place concrete lining, precast concrete segmental 
lining, steel line plate lining, and shotcrete lining. A design example is presented in Appendix G. 
 
Chapter 11 discusses immersed tunnel design and construction. It identifies various immersed tunnel types and their 
construction techniques. It also addresses the structural design approach and provides insights on the construction 
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methodologies including fabrication, transportation, placement, joining, and backfilling. It addresses the tunnel elements’ 
water tightness and the trench stability and foundation preparation requirements. 
 
Chapter 12 presents jacked box tunneling, a unique tunneling method for constructing shallow rectangular road tunnels 
beneath critical facilities such as operating railways, major highways, and airport runways without disruption of the 
services provided by these surface facilities or having to relocate them temporarily to accommodate open excavations for 
cut-and-cover construction. 
 
Chapter 13 provides the general procedure for seismic design and analysis of tunnel structures, which are based primarily 
on the ground deformation approach (as opposed to the inertial force approach); i.e., the structures should be designed to 
accommodate the deformations imposed by the ground.  
 
Chapter 14 discusses tunnel construction engineering issues, i.e., the engineering that must go into a road tunnel project to 
make it constructible. This chapter examines various issues that need be engineered during the design process including 
project cost drivers, construction staging and sequencing, health and safety issues, muck transportation and disposal, and 
risk management and dispute resolution. 
 
Chapter 15 presents the typical geotechnical and structural instrumentation for monitoring: 1) ground movement away 
from the tunnel, 2) building movement for structures within the zone of influence, 3) tunnel movement of the tunnel being 
constructed or adjacent tubes, 4) dynamic ground motion from drill and blast operation, and 5) groundwater movement due 
to changes in the water percolation pattern. 
 
Chapter 16, the last chapter, focuses on the identification, characterization, and rehabilitation of structural defects in a 
tunnel system. 

 
 

AASHTO Publications Staff 
May 2010 
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1-1 

CHAPTER 1 

Planning 

1.1—INTRODUCTION 

Road tunnels, as defined by t he American Association of State Highwa y and T ransportation Officials (AASHTO) 
Technical Committee for T unnels (T-20), are e nclosed roadways with ve hicle access that is rest ricted to portals 
regardless of type of structure or method of construction. The Committee further defines road tunnels not to include 
enclosed roadways created by highway bridges, railroad bridges, or other bridges. This definition applies to all types 
of tunnel struc tures and tunneling m ethods, such as cut and cover tunnels (Chapter 5); tunnels mined and bored in 
rock (C hapter 6), so ft g round (C hapter 7), and  di fficult ground (C hapter 8); i mmersed t unnels (Chapter 11); a nd 
jacked box tunnels (Chapter 12). 

Road tunnels are feasible alternatives to cross a water body or traverse through physical barriers such as mountains, 
existing roadways, railroads, or facilities, or to satisfy env ironmental or ecological requirements. In addition, road 
tunnels are viable m eans to minimize potential en vironmental i mpact, su ch as traffic conge stion, pe destrian 
movement, air qu ality, noise po llution, or visual in trusion; to protect areas of sp ecial cu ltural or historical value, 
such as conservation of districts, buildings, or private properties; or for other sustainability reasons, such as to avoid 
the impact on natural habitat or reduce disturbance to surface land. Figure 1.1-1 shows the portal for the Glenwood 
Canyon Reverse Curve Tunnel—twin 4,000-ft long tunnels carrying a cri tical section of I-70 unobtrusively through 
Colorado’s scenic Glenwood Canyon. 

 
Figure 1.1-1—Glenwood Canyon Reverse Curve Tunnel 
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Planning for a road tunnel requires multidisciplinary involvement and as sessments, and should generally adopt the 
same standards as for s urface roads  and bri dge options , with some ex ceptions as d iscussed below. Certain  
considerations, su ch as ligh ting, ventilation, life-safety, o peration, a nd m aintenance, sho uld be addressed  
specifically for tunnels. In addition to the capital construction cost, a l ife-cycle cost analysis should be performed 
taking int o ac count t he life  expectancy  of a tun nel. It  shou ld b e no ted th at life  expectancies of tunnels a re 
significantly longer than those of other facilities, such as bridges or roads. 

This Chapter provides a general overview of the planning process for a road tunnel project, including alternative  
route st udy, t unnel t ype an d t unneling m ethod st udy, o peration a nd financial pl anning, a nd ri sk analysis an d 
management.  

1.1.1—Tunnel Shape and Internal Elements 

There are t hree main shapes of highway tunnels—circular, rectangular, and horseshoe or curvilinear. The shape of 
the tunnel depends largely on the method used to construct the tunnel and on the ground conditions. For example, 
rectangular tunnels (Figure 1.1.1-1) are often constructed by the cut and cover method (Chapter 5), by the immersed 
method ( Chapter 11) , or by j acked box tu nneling (Chapter 12). Cir cular t unnels (Fig ure 1.1.1-2) ar e generally 
constructed by using either a tun nel boring machine (TBM) or by drill-and-blast in rock . Horseshoe configuration 
tunnels (Fi gure 1. 1.1-3) are gene rally co nstructed ei ther by  using drill-and-blast i n roc k or by f ollowing t he 
Sequential Excavation Method (SEM), also as known as New Austrian Tunneling Method (NATM) (Chapter 9).  
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Figure 1.1.1-1—Two-Cell Rectangular Tunnel (FHWA, 2005a) 
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Figure 1.1.1-2—Circular Tunnel (FHWA, 2005a) 
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Figure 1.1.1-3—Horseshoe and Curvilinear (Oval) Tunnels (FHWA, 2005a) 

Road tunnels are often lined with concrete and internal finish surfaces. Some rock tunnels are unlined except at the 
portals and in certain areas where the rock is less competent. In this case, rock reinforcement is often needed. Rock 
reinforcement for initial support includes the use of rock bolts with internal metal straps and mine ties, untensioned 
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steel dowels, or tension ed steel bo lts. To prevent small fragments of rock from spalling, wire m esh, shotcrete, or a 
thin concrete lining may be used. Shotcrete, or sprayed concrete, is often used as initial lining prior to installation of 
a final lining or as a lo cal solution to instab ilities in a rock tunnel. Shotcrete also can be used as a final lining. It is 
typically placed in layers with welded wire fabric, steel fibers, or both, a s reinforcement. The inside surface can be 
finished smooth and often without the fibers. Precast segmental lining is used primarily in conjunction with a TBM 
in soft ground and sometimes in rock. The segments usually are erected within the tail shield of the TBM. Segmental 
linings have been m ade o f c ast i ron, steel, a nd c oncrete. Curren tly, however, all segmen tal lin ings are m ade of 
concrete. They usually are ga sketed and bolted to pre vent water penet ration. Precast segmental linings som etimes 
are used as a temporary lining within which a cast-in-place final lining is placed, or as the final lining. More design 
details are provided in Chapters 6 through 10. 

Road tunn els often are fi nished with in terior finishes to  satisfy safety an d m aintenance requ irements. Walls and  
ceilings often receive  a finish surface , while the roadway is often paved with asphalt pavement. Interior finishes, 
which a re us ually mounted or a dhered t o the final l ining, co nsist of ceramic t iles, epoxy-coated metal panel s, 
porcelain-enameled metal panels, o r various c oatings. Int erior fi nishes provide e nhanced t unnel l ighting a nd 
visibility, provide fire protection for the lining, attenuate noise, and provide a surface easy to clean. Design details 
for final interior finishes are beyond the scope of this Manual. 

Tunnels usually are eq uipped with various syste ms su ch as  ventilation, lig hting, co mmunication, fi re life-safety , 
traffic operation and control including messaging, and operation and control of the various systems in the tunnel. 
These elements are not discussed in this Manual; however, designers should be cognizant that spaces and provisions 
should be m ade a vailable for t hese va rious systems when planning a  road t unnel. Mo re d etails are p rovided in 
Chapter 2, Geometric Configuration.  

1.1.2—Classes of Roads and Vehicle Sizes 

A t unnel ca n be designed to accomm odate any  class of road and any  size ve hicle. The classe s of highways are 
discussed in Chapter 1 of A Policy on Geometric Design of Highways and Streets (AASHTO, 2004). Alignments, 
dimensions, and vehicle sizes often are determined by the responsible authority based on the classifications of the 
road (i.e., interstate, state, county, or local roads); however, most regulations have been formulated on the basis of 
open roads. Ramifications of applying these regulations to road tunnels should be considered. For example, the use 
of fu ll-width shoulders in t he t unnel m ight resu lt i n high co st. M odifications to th ese regu lations throug h 
engineering solutions and econom ic evaluation sh ould b e co nsidered i n order to m eet th e in tention of the 
requirements.  

The si ze and type of vehicles t o be c onsidered depend upon the cl ass of road. Generally, t he t unnel’s geometric 
configuration should acco mmodate all p otential v ehicles th at use th e ro ads lead ing to t he t unnel, in cluding over-
height vehicles such as military vehicles, if needed. However, the tunnel height should not exceed the height under 
bridges and overpasses of t he road t hat leads t o the  tunn el. On t he ot her ha nd, ce rtain r oads, such as  pa rkways, 
permit only passenger vehicles. In such cases, the geometrical configuration of a t unnel should accommodate the 
lower vehicle height, keeping in mind that emergency vehicles such as fire trucks should be able to pass through the 
tunnel unl ess speci al low-height emergency-response ve hicles are  provide d. It is necessary to consider t he c ost, 
because designing a t unnel facility to accomm odate only a very  few extra ordinary, oversize vehic les may not be 
economical if feasible alternative routes are available. Road tunnel A-86 in Paris, France, for instance, is designed to 
accommodate two roadway tiers of passe nger ve hicles onl y, a nd s pecial low-height e mergency vehicles a re 
permitted (Figure 1.1.2-1).  
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Figure 1.1.2-1—A-86 Road Tunnel in Paris, France (FHWA, 2006a) 

The t raveled l ane width an d hei ght i n a t unnel s hould m atch t hose of t he a pproach r oads. Often, a llowance for 
repaving is provided in determining the headroom inside the tunnel.  

Except f or m aintenance or unusual co nditions, t wo-way traffic i n a single t ube s hould be di scouraged for safet y 
reasons, except for tunnels such as t he A-86 Road Tunnel, which has separate decks. In addition, pedestrian and 
cyclist use of the tunnel should be discouraged unless a sp ecial duct (or passage) is designed specifically for such 
use. An example of such use is the Mount Baker Ridge tunnel in Seattle, WA.  

1.1.3—Traffic Capacity  

Road tunnels s hould have at least the sa me traffic capacity as surface ro ads. Studies suggest that in tunnels where 
traffic is controlled, throughput is greater than that of an uncontrolled surface road, suggesting that a reduction in the 
number of lanes inside the tunnel may be warranted.  However, traffic will slow down if the lane width is less t han 
standard (too narrow) and will shy away  from tunnel wal ls if insufficie nt la teral clearance is provi ded inside the 
tunnel. Also , very low ceiling s g ive an imp ression of speed  and tend  to slow t raffic. Therefore, it i s important to  
provide adequate lane width and height, comparable to those of the approach road. It  is recommended that traffic 
lanes for new tunnels meet the required road geometrical requirements (i.e, 12 ft). It is also recommended to have a 
reasonable edge distance between the lane and the tunnel walls or barriers (see Chapter 2 for further details).  

Road t unnels, especially those in urban areas, often ha ve cargo res trictions. T hese rest rictions may i nclude 
hazardous materials, flammable gases and liquids, and over-height or -wide ve hicles. Provisions should be made in 
the approaches to tunnels for detection and removal of such vehicles. 

1.2—ALTERNATIVE ANALYSES 

1.2.1—Route Studies  

A road tunnel is an alternative vehicular transportation system to a surface road, bridge, or viaduct. Road tunnels are 
considered to shorten travel time and distance or to a dd extra travel capacity through barriers such as mountains or 
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open waters. They also a re considered to avoid surface c ongestion, improve air quality, reduce noise, or m inimize 
surface disturbance. Often a t unnel is pr oposed as a s ustainable alternative to a bridge or surface road. In a tunnel 
route study, the following issues should be considered:  

• Subsurface, geological, and hydrogeologic conditions  

• Constructability 

• Long-term environmental impact  

• Seismicity  

• Land use restrictions  

• Potential air right developments  

• Life expectancy  

• Economical benefits and life-cycle cost  

• Operation and maintenance 

• Security 

• Sustainability 

Often sustainab ility is n ot co nsidered; however, th e o pportunities th at tu nnels p rovide for en vironmental 
improvements and real esta te developm ents over t hem ar e hard t o i gnore a nd s hould be  re flected i n t erms of 
financial cre dits. In ce rtain urban area s where prope rty values  are  hi gh, ai r ri ghts developm ents account for 
significant income to public agencies, income which can be used to partially offset the construction cost of tunnels.  

When co mparing altern atives, su ch as a tun nel versus a bridge or b ypass, it is i mportant th at th e comparative 
evaluation includes the same purpose and needs and the overall goals of the project, but not necessarily every single 
criterion. For example, a bridge alignment may not necessarily be the best alignment for a tunnel. Similarly, the life-
cycle cost of a bridge has a different basis from that of a tunnel.  

1.2.2—Financial Studies 

The financial viability of a tu nnel depends on its life-cycle cost analysis. Traditionally, tunnels are designed for a 
life of 100 to 125 yea rs. However, existing old tunne ls (m ore than 100 years old) still operat e successfully 
throughout the world. Recent trends have been to design tunnels for 150-year life. To facilitate comparison with a 
surface facility or bridg e, all costs should be expressed  in terms of life-cycle costs. In evaluating the life-cycle cost 
of a t unnel, costs should include construction, operation and maintenance, and financing (if any) using net present 
value. I n a ddition, a co st-benefit anal ysis should be  pe rformed wi th c onsideration given t o i ntangibles suc h a s 
environmental benefits, aesthetics, n oise and vibration, air quality, right-of-way, real estate, an d potential air rig hts 
developments. 

The fi nancial evaluation also  shou ld tak e in to accoun t construction a nd operation r isks. T hese ri sks are often 
expressed as financial contingencies or provisional cost items. The level of contingencies would be decreased as the 
project desi gn l evel ad vances. The  ri sks ar e t hen better quantified an d provisions t o reduce o r m anage t hem are 
identified. See Chapter 14 for a discussion of risk management and control. 

1.2.3—Types of Road Tunnels 

Selection of the type of tunnel is an i terative process taking into account many factors, including depth of tunnel, 
number of traffic lanes, type of ground traversed, and available construction methodologies. For example, a two-lane 
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tunnel can fit easily into a circular tunnel that can be constructed by a TBM. For four lanes, however, the mined 
tunnel would require a larger tunnel, two bores, or another method of construction, such as cut and cover or SEM. 
The maximum size of a circular TBM existing today is about 51 ft for the construction of Chongming Tunnel, a 
5.6-mi long tunnel under China’s Yangtze River, in Shanghai. See Figure 1.2.3-1 showing the Chongming Tunnel. 
Note the scale of the machine relative to the people standing in the invert. 

  

 
Figure 1.2.3-1—Chongming Tunnel under the Yangtze River, Shanghai, China 

When larger and deeper tunnels are needed, either different types of construction methods or multiple tunnels 
usually are used. For example, if the ground is suitable, SEM (Chapter 9) in which the tunnel cross section can be 
made to accommodate multiple lanes can be used. For tunnels below open water, immersed tunnels can be used. For 
example, the Fort McHenry Tunnel in Baltimore, MD, accommodates eight traffic lanes of I-95 into two parallel 
immersed units, as shown in Figure 1.2.3-2. 

 
Figure 1.2.3-2—Fort McHenry Tunnel, Baltimore, MD 

Shallow tunnels would most likely be constructed using cut and cover techniques (Chapter 5). In special 
circumstances where existing surface traffic cannot be disrupted, jacked precast tunnels are sometimes used. In 
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addition to the variety of tunneling methods discussed in this Manual, nonconventional techniques have been used to 
construct very larg e cro ss sectio n, su ch as the Mt. Ba ker Rid ge Tun nel o n I-90 in  Seattle, WA. For th at p roject, 
multiple overlapping drifts were constructed and filled with concrete to form a circular envelope that prov ides the 
overall support system of t he ground. Then the space within this envelope was excavated, and the tunnel structure 
was constructed within it (Figure 1.2.3-3). 

  

Liner Drift
Elements

Future
Roadway

Structures

         
Figure 1.2.3-3—Stacked Drift and Final Mt. Baker Tunnel, I-90, Seattle, WA  

At times tunneling is required in a problematic ground such as mixed face (rock and soft ground), squeezing rock, or 
other difficult ground conditions requiring specialized techniques, as discussed in Chapter 8.  

1.2.4—Geotechnical Investigations 

As discussed in Chapter 3, geotechnical investigations are critical for proper planning of a tunnel. Selection of the 
alignment, cross section, and const ruction methods is influenced by geological and geotechnical conditions, as well 
as site con straints. Good knowledge of  t he exp ected geological cond itions is essen tial. Th e typ e of ground 
encountered al ong t he al ignment w ould a ffect selection of  th e tunn el typ e and its method of con struction. For 
example, in TBM tunnel c onstruction, mixed ground conditions or buried objects add complications to the TBM 
performance, and each  may resu lt in  the inab ility o f the TBM to  excavate the tunnel, potential b reakdown of the 
TBM, or potential ground fail ure and settle ments at t he surface. Selection of the tunnel profile m ust therefore take 
into accou nt potential ground  movements an d avo id lo cations where such  movements or settlem ents cou ld cau se 
surface problems to existing utilities or surface facilities. In such cases, mitigation measures should be provided. 

Another example of the impact of geological features on tunnel alignment is the presence of active or inactive faults. 
During the planning phase, it is recommended to avoid crossing a fa ult zone a nd preferred to avoid being in close 
proximity to an active fault. However, if avoidance of a fault cannot be achieved, then proper measures for crossing 
it should be implemented. Such measures are discussed in Chapter 13, Seismic Considerations. Special measures 
also may be required when tunneling in ground that may contain methane or other hazardous gases or fluids. 

Geotechnical issues such as t he soil or rock properties, the groundwater regime, the ground cover over the tunnel, 
the presen ce of con taminants alo ng th e alig nment, p resence of underground utilities and  obstructions such as 
boulders or buried obj ects, and the presence of sensitive surface facilities shoul d be taken i nto consideration when 
evaluating tunnel alignm ent. Tunnel alignment so metimes is ch anged b ased on th e resu lts of th e g eotechnical 
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investigation to minimize construction cost or to reduce risks. The tunnel p rofile also  can be adjusted to  improve 
constructability or accommodate construction technologies, as long as t he road’s geometrical requirements are not 
compromised. Fo r e xample, fo r TBM  t unnels th e profile wo uld b e selected  to  en sure t hat su fficient cov er is 
maintained for the TBM to operate satisfactorily over the proposed length of bore. However, this profile should not 
compromise the maximum grade required for the road.  

If t he r oute se lection i s l imited, t hen m easures t o deal w ith t he p oor ground i n t erms of c onstruction m ethod or 
ground improvement prior to excavation should be considered. It is recommended that the geotechnical investigation 
start as early as possible during the initial planning phase of the project. The investigation should address not just the 
soil a nd r ock p roperties, but al so t heir anticipated be haviors during exca vation. For e xample, i n se quential 
excavation or NATM, ground stand-up time is critical for its success. If the ground does not have sufficient stand-up 
time, pre-support or ground improvement such as grouting should be provided. For soft ground TBM tunneling, the 
presence of boulders, for example, would affect the selection of the type of TBM and its excavation tools. Similarly, 
the selection of a rock TBM would require knowledge of the rock’s unconfined compressive strength, its abrasivity 
and its jointing characteristics. The investigation also should address groundwater. For example, in soft ground SEM 
tunneling, the stability of the excavated face is greatly dependent on control of th e groundwater. Dewatering, pre-
draining, grouting, or freezi ng often are used to stabilize the exca vation. Ground be havior duri ng t unneling will 
affect potential settlements on the surface. Measures to minimize settlements by using suitable tunneling methods or 
by preconditioning t he ground t o im prove i ts ch aracteristics wou ld b e req uired. Presen ce o f faults or p otentially 
liquefiable materials would be of concern during the planning process. Relocating the tunnel to avoid these concerns 
or providing measures to deal with them is critical during the planning process. 

The selection of a tunnel alignment should take into consideration site-specific constraints such as the presence of 
contaminated materials, special existing buildings and surface facilities, existing utilities, or the presence of sensitive 
installations such as historical landmarks, educational institutions, cemeteries, or houses of worship. If certain site 
constraints cannot be avoided, construction methodologies and special provisions should be provided. For example, 
if the presence of contaminated materials near the s urface cannot be avoided, a deeper alignment, the use of mined 
excavation (TBM or SEM), or both, would be more suitable than the cut and  cover method. Similarly, if sensitiv e 
facilities exist at the surface  and cannot be avoided, special provisions to minimize vibration a nd potential surface 
settlement should be provided in the construction methods. 

Risk assessment is an im portant factor in selecting a tunnel alignment. Construction risks include risks related  both 
to the con struction of t he tun nel itself and to th e im pact of th e tunn el con struction on ex isting facilities. Some 
methods of tunneling are  inherently more risky than others or may cause excessive ground movements. Sensitive 
existing structures may make use of such construction methods in th eir v icinity undesirable. Similarly, hard spots 
(rock, for e xample) beneath parts  of a t unnel also c an cause undesirable effects; alignm ent changes  may mitigate 
that problem. Therefore, it is important to conduct risk analysis as early as possible to identify potential risks due to 
the tunnel alignment and to identify measures to reduce or manage such risks. An example of risk mitigation related 
to tunnel alignm ent being close to sensitive surface facilities is to deve lop and i mplement a com prehensive 
instrumentation and monitoring program, and to a pply corrective measures if m easured movements reach c ertain 
thresholds. Chapter 15 discusses instrumentation and monitoring.  

Sometimes modifications i n t he t unnel st ructure or co nfigurations w ould provide benefits f or overall t unnel 
construction and cost. For example, locating the tunnel ventilation ducts on the side, rather than at t he top, would 
reduce the tunnel height, raise the profile of the tunnel, and consequently reduce the overall length of the tunnel.  

1.2.5—Environmental and Community Issues  

Road tunnels are m ore environmentally friendly than other surface facilities. Traffic con gestion would be reduced 
from the local streets. Air quality would be improved because traffic-generated pollutants are captured and disposed 
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of away from the public. Similarly, noise would be reduced and visual aesthetic and land use would be improved. 
By placing traffic underground, property values would be improved and communities would be less impacted in the 
long term . Furth ermore, tunn els will p rovide opp ortunities for lan d development along an d over th e tun nel 
alignment, adding real estate properties and potential economic development.  

In planning for a t unnel, the construction impact on t he community and t he environment is important and must be 
addressed. Issues su ch as i mpact o n traffic, bu sinesses, in stitutional facilities, sen sitive in stallations, hospitals, 
utilities, and residences should be addressed. Construction noise, dust, vibration, water quality, aesthetics, and traffic 
congestion are i mportant issu es to b e addressed , an d any p otentially adverse im pact sh ould b e mitig ated. For 
example, a c ut and c over t unnel re quires surface e xcavation im pacting traffic, utilities, a nd potentially nearby 
facilities. When co mpleted, i t leav es a swath  of disturbed surface-level gro und t hat may n eed land scaping and 
restoration. In urban situations or close to properties, cut and cover tunnels can be disruptive and may cut off access 
and utilities te mporarily. Alt ernative access and utilities to e xisting facilities may need to be provide d during 
construction, or, alternatively, staged construction to allow access a nd to maintain the utilities would be required. 
Sometimes t op-down c onstruction, rat her t han bottom-up co nstruction, can help t o a meliorate t he disruption a nd 
reduce i ts d uration. R igid excavat ion s upport sy stems and ground i mprovement t echniques m ay be re quired t o 
minimize pote ntial settle ments and lateral  ground deformations a nd their im pact on adjacent structures. When 
excavation and dewatering are near contaminated ground, special measures may be required to prevent migration of 
the groundwater c ontaminated plume i nto t he exca vation or a djacent basem ents. Dust s uppression a nd wheel 
washing facilities for vehicles leaving the construction site often are used, especially in urban areas. 

Similarly, for immersed t unnels t he i mpact on underwater be d l evel and t he water b ody sh ould be assesse d. 
Dredging will generate bottom disturbance and create solid turbidity or suspension in the water. Excavation methods 
are available that ca n limit suspended solids in the  water to acceptable levels. Existing fa una and flora and other 
ecological issu es sh ould be in vestigated to  d etermine whet her e nvironmentally and ec ologically adverse 
consequences are likely to ensue. Assessment of the construction on fish migration and spawning periods should be 
made, and measures to deal with them should be developed. The potential impact of construction wetlands should be 
investigated and mitigated. 

On the other hand, using bored tunneling would reduce the surface impact, because the excavation generally takes 
place at the portal or at a sha ft, resulting in minimum impact on traffic, air and noise quality, and utility and access 
disturbance. 

Excavation may encounter contaminated soils or g roundwater. Such soils may need to be processed or disposed of 
in a con tained d isposal facility, wh ich also m ay need to be capped to meet environmental regu lations. Prov isions 
would need to address public health and safety and meet regulatory requirements.  

1.2.6—Operational Issues  

In planning a tunnel, provisions should be made to address the operational and maintenance aspects of the tunnel 
and its facilities. Issu es su ch as t raffic con trol, ventilation, ligh ting, li fe-safety system s, eq uipment m aintenance, 
tunnel cleaning, and th e like should be identified and provisions made for them during the initial planning phases. 
For example, items requiring more frequent maintenance, such as light fixtures, should be arranged to be accessible 
with minimal interruption to traffic.  

1.2.7—Sustainability 

Tunnels by definition are sustainable features. They typically have longer life expectancy than a surface facility (125 
versus 75 years). Tunn els also  pro vide o pportunities for land  development fo r resid ential, co mmercial, o r 
recreational facilities. They enhance the area and potentially increase property values. An example is th e “Park on 
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the Lid” on Mercer Island, Seattle, WA, where a park with recreational facilities was developed over I-90 
(Figure 1.2.7-1). Tunnels also enhance communities’ connections and adhesion, and they protect residents and 
sensitive receptors from traffic pollutants and noise.  

 
Figure 1.2.7-1—“Park on the Lid,” Seattle, WA 

1.3—TUNNEL-TYPE STUDIES 

1.3.1—General Description of Various Tunnel Types  

The principal types and methods of tunnel construction that are in use are: 

 Cut and cover tunnels (Chapter 5) are built by excavating a trench, constructing the concrete structure in the 
trench, and covering it with soil. The tunnels may be constructed in place or by using precast sections. 

 Bored or mined tunnels (Chapters 6 through 11) are built without excavating the ground surface. These tunnels 
are usually labeled according to the type of material being excavated. Sometimes a tunnel passes through the 
boundary between different types of material; this often results in a difficult construction known as mixed face 
(Chapter 8). 

 Rock tunnels (Chapter 6) are excavated through the rock by drill-and-blast, by mechanized excavators in softer 
rock, or by using rock TBMs. Under certain conditions, SEM is used (Chapter 9). 

 Soft ground tunnels (Chapter 7) are excavated in soil using a shield or pressurized-face TBM (principally, earth 
pressure balance or slurry types), or by mining methods known as either SEM (Chapter 9) or NATM. 

 Immersed tunnels (Chapter 11) are made from very large precast concrete or concrete-filled steel elements that 
are fabricated in the dry, floated to the site, placed in a prepared trench below water, connected to the previous 
elements, and then covered up with backfill. 

 Jacked box tunnels (Chapter 12) are prefabricated box structures jacked horizontally through the soil using 
methods to reduce surface friction; jacked tunnels often are used where they are very shallow but the surface 
must not be disturbed—for example, beneath runways or railroad embankments. 
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Preliminary selection of road tunnel type for conceptual study after the route studies ca n be dictated by the general 
ground condition, as illustrated in Figure 1.3.1-1. 

Planning/
Route Selection

Water Land

Immersed
Tunnels

Mined/Bored
Tunnels

Cut-and-Cover
Tunnels

Rock
Tunneling

Soft Ground
Tunneling

Difficult
Ground

Tunneling

SEM
Tunneling

 
Figure 1.3.1-1—Preliminary Selection Process for Type of Road Tunnel 

Selection of a tu nnel typ e d epends on  geometric co nfigurations, gro und co nditions, typ e of cro ssing, and 
environmental re quirements. F or exam ple, an  i mmersed tunnel m ay be m ost sui table f or cr ossing a  wat er body; 
however, e nvironmental and  re gulatory requirements might m ake t his m ethod very ex pensive o r i nfeasible. 
Therefore, it is i mportant to perform the tunnel type study as early as po ssible in the planning process and to select 
the most suitable tunnel type for the particular project requirements. 

1.3.2—Design Process 

The basic process used in the design of a road tunnel is: 

• Define functional requirements, including design life and durability requirements. 

• Carry out necessary investigations and analyses of the geological, geotechnical, and hydrogeology data. 

• Conduct environmental, cultural, and institutional studies to assess how they impact the design and construction 
of the tunnel. 

• Perform tunnel type studies to determine the most appropriate method of tunneling. 

• Establish design criteria and perform the design of the various tunnel elements. Appropriate initial and final 
ground support and lining systems are critical for the tunnel design, considering both ground conditions and the 
proposed method of construction. Perform the design in preliminary and final design phases. Interim reviews 
should be made if indicated by ongoing design issues.  

• Establish tunnel alignment, profile, and cross section. 

• Determine potential modes of failure, including construction events, unsatisfactory long-term performance, and 
failure to meet environmental requirements. Obtain any necessary data and analyze these modes of failure. 

• Perform risk analysis and identify mitigation measures, and implement those measures in the design. 

• Prepare project documents, including construction plans, specifications, schedules, estimates, and geotechnical 
baseline report (GBR). 
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