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1.1—PURPOSE AND SCOPE 
 

The provisions of these Specifications are 
intended for the design, evaluation, and rehabilitation 
of highway tunnels. These Specifications are intended 
for the design of tunnels constructed using cut-and-
cover, bored, mined, and immersed tunnel 
construction methodologies.  

Provisions are not included in these 
Specifications for water conveyance, utility, transit, or 
rail tunnels or for shafts. For tunnel elements not 
explicitly covered herein, the provisions of these 
Specifications may be applied, as augmented by the 
Engineer with additional design criteria where 
required. 

Construction specifications consistent with these 
design Specifications are not included. There is a 
listing of suggested construction specification 
sections included in Appendix B. 

Structures internal to tunnels that support 
roadways over ventilation plenums, roadways, or 
other openings in the tunnel shall be designed in 
accordance with the AASHTO LRFD Bridge Design 
Specifications (hereafter referred to as the LRFD 
Specifications) including all applicable interim 
changes and as modified or supplemented herein. The 
load effects of these internal structures shall be 
applied to the tunnel lining, walls, or other supporting 
members in accordance with these Specifications. 

Retaining walls for retained cut approaches to 
tunnels shall be designed in accordance with the 
LRFD Specifications. 

Support and ancillary structures such as 
ventilation, control, and administrative buildings are 
not covered by these Specifications. These structures 
shall be designed in accordance with local building 
codes. 

These Specifications are not intended to supplant 
proper training and experience or the exercise of 
judgment by the Engineer, and provide only the 
minimum requirements necessary for public safety. 
The Owner or the Engineer may require the 
sophistication of design or the quality of materials and 
construction to be higher than the minimum 
requirements. The design of tunnels is strongly 
dependent upon the geologic setting, site conditions, 
and construction methodology, and this fact is 
considered in the Specifications. The concept of 
ground/structure interaction is emphasized for mined 
and bored tunnels; however, it is also applicable to 
cut-and-cover and immersed tunnels.  

The concept of safety through redundancy and 
ductility is emphasized for tunnel elements subject to 
repeated loads and load reversals. 

The design provisions of these Specifications 
employ the Load and Resistance Factor Design 
(LRFD) methodology. The load factors have been 
calibrated using structural analysis modeling for a 
limited number of loading conditions that take into 
account ground/structure interaction.  

C1.1 
 

These Specifications are modeled after the LRFD 
Specifications and the AASHTO Guide Specifications 
for LRFD Seismic Bridge Design. The philosophy and 
guidance provided in those documents are carried 
forward and implemented in this document. 

Whenever the LRFD Specifications are 
referenced in this document, the reference is to the 
latest edition including all applicable interim changes. 

The term “notional” is often used in these 
Specifications to indicate an idealization of a physical 
phenomenon, as in “notional load” or “notional 
resistance.” Use of this term strengthens the 
separation of an engineer’s “notion” or perception of 
the physical world in the context of design from 
physical reality itself.  

The term “shall” denotes a requirement for 
compliance with these Specifications.  

The term “should” indicates a strong preference 
for a given criterion. 

The term “may” indicates a criterion that is 
usable, but other local and suitably documented, 
verified, and approved criteria may also be used in a 
manner consistent with the LRFD approach to tunnel 
design. 

The load factors specified in Section 3 have been 
calibrated to provide designs with member 
proportions consistent with the current practice in 
tunnel design.  

The calibration is based upon analyses performed 
for a circular bored tunnel. Additional calibration for 
different tunnel cross-sectional geometry and 
loadings from a variety of ground conditions would 
be useful in further validating and refining the load 
factors.  

The primary loads on structural components of 
tunnels are groundwater and earth loads. For 
immersed tunnels, loads imposed by transporting 
immersed elements from the fabrication site to the 
tunnel location can also govern the design of these 
tunnels. For pre-fabricated linings used in bored 
tunnels, construction-imposed loading can govern the 
design. The determination of groundwater, earth, 
transportation, and other construction loads varies 
based on the in-situ conditions, level of testing during 
subsurface investigations, and ground conditions may 
have great variation. There are little data available to 
establish a statistically significant sampling in order 
to calibrate these Specifications based upon structural 
reliability theory. As such, judgment and past 
experience were also used to select the load factors. 

These Specifications are an initial attempt to 
codify and standardize highway tunnel design. As 
such, as future data that are produced in a systematic 
fashion in accordance with these Specifications 
become available, recalibration may be implemented 
based on statistical evaluation of these data. 
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The commentary is not intended to provide a 
complete historical background concerning the 
development of these Specifications, nor is it intended 
to provide a detailed summary of the studies and 
research data reviewed in formulating the provisions 
of the Specifications. However, references to some of 
the research data are provided for those who wish to 
study the background material in more depth. 

The commentary directs attention to other 
documents that provide suggestions for carrying out 
the requirements and intent of these Specifications. 
However, those documents and this commentary are 
not intended to be a part of these Specifications. 

The Specifications direct the Engineer to utilize 
other documents in the development of designs. When 
this occurs, the most current edition of those 
documents should be utilized. Those documents 
referenced in the Specifications are intended to be part 
of these Specifications by reference. 

Unless otherwise specified, the Materials 
Specifications referenced herein are the AASHTO 
Standard Specifications for Transportation Materials 
and Methods of Sampling and Testing. 

 
1.2—DEFINITIONS 

 
For definitions not shown, see the LRFD Specifications. 

Bored Tunnel—A tunnel constructed utilizing a tunnel boring machine. 

Calibration—The selection of load and resistance factors to achieve a specified goal such as uniform reliability, as is 
the case with the bridge design specifications, or member proportions consistent with past practice, as is the case with 
these Specifications. 

Collapse—A major change in the geometry of the tunnel lining or other structural component rendering it unfit for 
use. 

Component—Either a discrete element of the tunnel or a combination of elements requiring individual design 
consideration. 

Contract Documents—Drawings, specifications, reports, and memoranda that provide direction and/or guidance for 
the construction of a tunnel and that form a contractual basis for the work to be performed. 

Contractor—Entity responsible for the construction of the tunnel and associated construction engineering. 

Cut-and-cover—Sequence of construction in which a trench is excavated and the tunnel or conduit section is 
constructed and then covered with backfill. (AASHTO, 2010) 

Design—Proportioning and detailing the components and connections of a tunnel. 

Design Life—Period of time on which the statistical derivation of transient loads is based: 150 years for these 
Specifications. 

Engineer—Agency, design firm, or person responsible for the design of the tunnel and/or review of design related to 
field submittals. 

Evaluation—Determination of the load carrying capacity of one or more components of an existing tunnel. 
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Extreme Event Limit States—Limit states relating to events such as earthquakes, flooding, vehicle fire, or vehicle and 
vessel collision, with return periods in excess of the design life of the tunnel. 

Force Effect—A deformation, stress, or stress resultant (i.e., axial force, shear force, torsional or flexural moment) 
caused by applied loads, imposed deformations, temperature changes, or volumetric changes. 

Immersed Tunnel—A tunnel constructed from prefabricated elements constructed off the tunnel alignment, floated 
into place over the tunnel alignment, and placed into a prepared trench. Placement is facilitated by the addition of 
ballast to the elements to cause them to be immersed to the pre-determined depth and then joined to the adjacent 
element(s) already in place. 

Limit State—A condition beyond which the tunnel or component ceases to satisfy the provisions for which it was 
designed. 

Load Modifier—A factor accounting for ductility, redundancy, and the operational classification of the tunnel. 

Mined—Any tunnel construction methodology that involves excavation of the tunnel without opening the excavation 
to the surface and without the use of a tunnel boring machine, including mechanical excavation, blasting, and hand 
excavation. 

Model—An idealization of a structure or structure–ground system for the purpose of analysis. 

Owner—Person or agency having jurisdiction over the tunnel. 

Regular Service—Condition excluding the presence of special permit vehicles and extreme events. 

Rehabilitation—A process in which the resistance or functionality of a tunnel component or connection is either 
restored or increased. 

Resistance Factor—A statistically or experience-based multiplier applied to nominal resistance accounting primarily 
for variability of material properties, structural dimensions, and workmanship, an uncertainty in the prediction of 
resistance, but also related to the statistics of the loads through the calibration process. 

Service Life—The period of time that the tunnel is expected to be in operation. 

Tunnel—Road tunnels as defined by the American Association of State Highway and Transportation Officials 
(AASHTO) Technical Committee for Tunnels (T-20) are enclosed roadways with vehicle access that is restricted to 
portals regardless of type of the structure or method of construction. The committee further defines road tunnels not 
to include enclosed roadway created by highway bridges, railroad bridges, or other bridges. This definition applies to 
all types of tunnel structures and tunneling methods such as cut-and-cover tunnels, mined and bored tunnels in rock 
and soft ground, and immersed tunnels. 

Tunnel Boring Machine (TBM)—Machine that excavates a tunnel by drilling out the heading to full size in one 
operation. Sometimes called a mole, the TBM is typically propelled forward by jacking off the excavation supports 
emplaced behind it or by gripping the side of the excavation (AASHTO, 2010). 

1.3—DESIGN PHILOSOPHY  

1.3.1—General 
 

Tunnels shall be designed for specified limit states 
to achieve the objectives of constructability, safety, and 
serviceability, with due regard to issues of inspectability, 
maintenance and economy. Additional information 
regarding tunnel systems, planning, ancillary facilities, 
and appurtenances can be found in Section 2. 
Regardless of the type of analysis used, Equation 
1.3.2.1-1 shall be satisfied for all specified force effects 
and combinations thereof.  

C1.3.1 
 

The limit states specified herein are intended to 
provide for a buildable, serviceable tunnel capable of 
safely operating for a specified design life. As defined 
in Article 1.2, the design life relates to the return period 
of the transient loads of the strength limit states and 
hence their nominal magnitude. The design life should 
not be confused with the service life. As defined in 
Article 1.2, the service life relates to the eventual 
demonstrated durability of the tunnel. The service life of 
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The specified 150-year design life is appropriate for 
the design of tunnel geotechnical features and soil–
structure-interaction-systems given the high capital 
costs of rehabilitation and replacement and the likely 
importance to the transportation network. Internal 
structures such as roadway slabs and suspended ceilings 
as well as system components, such as signs, piping, and 
their supports; communication and signal devices; and 
ventilation equipment that are more easily replaced, may 
have design lives assigned to them by the Owner. 

a tunnel is not specified in these Specifications, just as 
the service life of a bridge is not specified in the LRFD 
Specifications, as the durability of tunnels or bridges is 
not well quantified. 

The resistance of components and connections is 
determined, in many cases, on the basis of inelastic 
behavior. In other words, the capacity of tunnel 
components used to define their nominal resistance at 
the strength limit states is based upon behavior past first 
yield of the material. On the other hand, the force effects 
on the load side of the LRFD equation, Equation 1.3.2.1-
1, are determined using elastic analysis but amplified by 
the specified load factors. This apparent inconsistency 
is consistent with most modern structural-design codes 
including the LRFD Specifications. The application of 
this comparison of loads and resistances for design is a 
result of incomplete knowledge of inelastic structural 
action combined with the behavior of the earth 
surrounding the tunnel that acts in concert with the 
tunnel structure. 

 
1.3.2—Limit States 

 
 

1.3.2.1—General 
 
Each component and connection shall satisfy 

Equation 1.3.2.1-1, for each limit state unless otherwise 
specified. For service and extreme limit states, resistance 
factors shall be taken as 1.0 except for bolts. For bolts, 
the provisions of Article 6.5.5 of the LRFD 
Specifications shall apply. 

 
ΣηiγiQi ≤ φRn = Rr              (1.3.2.1-1) 

 
in which: 
 
For loads for which a maximum value of γi is 
appropriate: 
 

ηi = ηDηRηI ≥ 1.0                   (1.3.2.1-2) 
 
For loads for which a minimum value of γi is 
appropriate: 

 
η𝑖𝑖 = 1

η𝐷𝐷η𝑅𝑅η𝐼𝐼
 ≤ 1.0              (1.3.2.1-3) 

 
where: 
 

γI   =   load factor: a multiplier applied to force 
effects 

 
φ    =   resistance factor: a multiplier applied to 

nominal resistance, as specified herein 
 
ηi   =  load modifier: a factor relating to ductility, 

redundancy, and operational classification 
 

C1.3.2.1 
 
Equation 1.3.2.1-1 is the basis of the LRFD 

methodology. 
Ductility, redundancy, and operational 

classification are considered in the load modifier η. 
Whereas the ductility and redundancy directly relate to 
physical strength, operational classification concerns 
the consequences of the tunnel being out of service. The 
grouping of these aspects of the load side of Equation 
1.3.2.1-1 is therefore, arbitrary. However, it constitutes 
a first effort at codification. In the absence of more 
precise information, each effect is estimated as ±5 
percent, accumulated geometrically, a clearly subjective 
approach.  

Groundwater is an example of a loading that would 
be appropriate to apply as a maximum and a minimum. 
Variation in groundwater elevations are common due to 
seasonal changes and tidal influences. Tunnel linings 
are designed as compression members; therefore, 
maximum groundwater pressures would produce 
maximum axial loads and vice versa. As such, both 
maximum and minimum groundwater loads should be 
checked. 
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ηD = a factor relating to ductility as specified in 
Article 1.3.3 

 
ηR   =  a factor relating to redundancy as specified in 

Article 1.3.4 
 
ηI   =  a factor relating to operational classification as 

specified in Article 1.3.5 
 
Qi   =  force effect 
 
Rn    =  nominal resistance 
 
Rr   =  factored resistance: φRn 

 
1.3.2.2—Service Limit State 

 
The service limit state shall be taken as restrictions 

on stress, deformation and crack width under regular 
service conditions. 
 

C1.3.2.2 
 
The service limit state provides certain experience-

related provisions that cannot always be derived solely 
from strength or statistical consideration. 

For tunnels, this limit state controls tunnel lining 
deformation, cracking, and leaking. 
 

1.3.2.3—Fatigue and Fracture Limit State 
 
The fatigue and fracture limit state shall be taken as 

restrictions on stress range as a result of repetitive 
machinery or ventilation loads at the number of expected 
stress range cycles. 
 

C1.3.2.3 
 
The fatigue and fracture limit state is intended to 

limit crack growth under repetitive loads to prevent 
fracture during the design life of the component. 
Additionally, the fatigue limit state is intended to 
prevent premature failure of anchoring and supporting 
components subject to machinery or ventilation loads. 
 

1.3.2.4—Strength Limit State  
 
Strength limit state shall be taken to ensure that 

strength and stability, both local and global, are provided 
to resist the specified statistically significant load 
combinations that a tunnel and its component parts are 
expected to experience in its design life. 

 

C1.3.2.4 
 
The strength limit state considers stability or 

yielding of each structural element. If the resistance of 
any element, including splices and connections, is 
exceeded, it is assumed that the tunnel resistance has 
been exceeded. The redistribution of loads that can 
occur due to structure–ground interaction typically 
allows the tunnel ground supporting structure to support 
loads in excess of the capacity calculated utilizing linear 
elastic static analysis. Extensive distress and structural 
damage may occur under the strength limit state, but 
overall structural integrity is expected to be maintained. 
 

1.3.2.5—Extreme Event Limit State 
 
The extreme event limit state shall be taken to 

ensure the structural survival of a tunnel during a major 
earthquake, flood, tsunami, collision, blast, or fire, or 
when an immersed tunnel is subject to sinking vessel or 
anchor drag loads possibly during, or in conjunction 
with, a scour event. 

 

C1.3.2.5 
 
Extreme event limit states are considered to be 

unique occurrences whose return period may be 
significantly greater than the design life of the tunnel. 
 

1.3.3—Ductility 
 

The structural system of a tunnel shall be 
proportioned and detailed to ensure the development of 

C1.3.3 
 

The response of structural components or 
connections beyond the elastic limit can be 
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significant and visible inelastic deformations at the 
strength and extreme limit states before failure. 

For the strength limit state: 
 

ηD ≥ 1.05 for nonductile components and connections  
 

= 1.00 for conventional designs and details 
complying with these Specifications 

 
For all other limit states: 

 
ηD ≥ 1.00 
 

Internal components of tunnels including structural 
elements, equipment supports, and their connections 
shall be designed to exhibit ductile behavior, especially 
when subject to extreme events such as earthquakes. 

Attention shall be given to the ductility of 
transitions between structural systems of tunnels, 
specifically at the interfaces between retained cut and 
cut-and-cover structures; between cut-and-cover 
structures and mined, bored, or immersed tunnels; and at 
the joints between immersed tunnel elements. 

characterized by either brittle or ductile behavior. Brittle 
behavior is undesirable because it implies a sudden loss 
of load-carrying capacity immediately when the elastic 
limit is reached. Ductile behavior is characterized by 
significant inelastic deformations before any loss of load 
carrying capacity occurs. The redistribution of load 
effects provided by ground–structure interaction results 
in ductile behavior of concrete tunnel linings when 
proper detailing of the reinforcing is used. Internal 
components, however, should be designed to exhibit 
ductile behavior. The provisions of the LRFD 
Specifications provide guidance and direction for the 
ductile design of these internal components. 

While the LRFD Specifications have a value of ηD 
less than one in implementation, the value is unused. 
Traditionally, structural engineers characterize 
structures as ductile, ηD = 1.00, or non-ductile, ηD = 
1.05. 

1.3.4—Redundancy 
 

The provisions of the LRFD Specifications shall 
be used to ensure that the internal components of 
tunnels and all aspects of cut-and-cover and immersed 
tunnels incorporate redundancy in their design. 

For the strength limit state: 
 

ηR ≥   1.05 for nonredundant members  
 
   =  1.00 for conventional levels of redundancy 
 
For all other limit states: 

 
ηR ≥ 1.00 

 
 
 
1.3.5—Operational Importance 

 
This Article shall apply to the strength and 

extreme limit states only. 
The Owner may declare a tunnel or any structural 

component, or connection thereof, to be of 
operational priority. 

For the strength limit state: 
 

ηI  ≥  1.05 for critical or essential tunnels  
 

= 1.00 for typical and relatively less important 
tunnels 

 
For all other limit states: 

 
ηI ≥ 1.00 

C1.3.4 
 

Tunnel linings for bored and mined tunnels are 
considered redundant due to ground–structure 
interaction and the ability to share load along the 
length of tunnel. 

 
 
 
 
 
 
While the LRFD Specifications include a value 

of ηR less than one, in implementation the value is 
unused. Traditionally, structural engineers 
characterize structures as redundant, ηR = 1.00, or 
non-redundant, ηR = 1.05. 

 
C1.3.5 
 

Such classification should be done by personnel 
responsible for the affected transportation network 
and knowledgeable of its operational needs. The 
definition of operational priority may differ from 
Owner to Owner. Guidelines for classifying critical 
or essential tunnels are as follows: 

 
• Tunnels that are required to be open to all traffic 

once inspected after the design event and are 
usable by emergency vehicles and for security, 
defense, economic, or secondary life safety 
purposes immediately after the design event. 
 

• Tunnels that should, as a minimum, be open to 
emergency vehicles and for security, defense, or 
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economic purposes after the design event, and 
open to all traffic within days after that event. 
 

Owner classified tunnels may use a value of η < 1.0 
based on ADTT, available detour length, or other 
rationale to use less stringent criteria. 
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