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Design and Construction of Cut and Cover Road Tunnels

CUT AND COVER TUNNELS

5.1 INTRODUCTION

This course presents the construction methodology and excavation support systems for cut-and-cover road
tunnels and describes the structural design in accordance with the AASHTO LRFD Bridge Design
Specifications (AASHTO, 2008). The intent of this course is to provide guidance in the interpretation of
the AASHTO LRFD Specifications in order to have a more uniform application of the code and to
provide guidance in the design of items not specifically addressed in AASHTO (2008). The designers
must follow the latest LRFD Specifications. A design example illustrating the concepts presented in this
chapter can be found in Appendix C. Other considerations dealing with support of excavation,
maintenance of traffic and utilities, and control of groundwater and how they affect the structural design
are discussed.

5.2 CONSTRUCTION METHODOLOGY

5.2.1 General

In a cut and cover tunnel, the structure is built inside an excavation and covered over with backfill
material when construction of the structure is complete. Cut and cover construction is used when the
tunnel profile is shallow and the excavation from the surface is possible, economical, and acceptable. Cut
and cover construction is used for underpasses, the approach sections to mined tunnels and for tunnels in
flat terrain or where it is advantageous to construct the tunnel at a shallow depth. Two types of
construction are employed to build cut and cover tunnels: bottom-up and top-down. These construction
types are described in more detail below. The planning process used to determine the appropriate profile
and alignment for tunnels is discussed in Chapter 1 of this manual.

Figure 5-1 is an illustration of cut and cover tunnel bottom-up and top-down construction. Figure 5-1(a)

illustrates Bottom-Up Construction where the final structure is independent of the support of excavation
walls. Figure 5-1(b) illustrates Top-Down Construction where the tunnel roof and ceiling are structural

parts of the support of excavation walls.
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Figure 5-1 Cut and Cover Tunnel Bottom-Up Construction (a); Top-Down Construction (b)
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ﬁ Design and Construction of Cut and Cover Road Tunnels

For depths of 30 to 40 feet (about 10 m to 12 m), cut-and-cover is usually more economical and more
practical than mined or bored tunneling. The cut-and-cover tunnel is usually designed as a rigid frame
box structure. In urban areas, due to the limited available space, the tunnel is usually constructed within a
neat excavation line using braced or tied back excavation supporting walls. Wherever construction space
permits, in open areas beyond urban development, it may be more economical to employ open cut
construction.

Where the tunnel alignment is beneath a city street, the cut-and-cover construction will cause interference
with traffic and other urban activities. This disruption can be lessened through the use of decking over the
excavation to restore traffic. While most cut-and-cover tunnels have a relatively shallow depth to the
invert, depths to 60 feet (18 m) are not uncommon; depths rarely exceed 100 feet (30 m).

Although the support of excavation is an important aspect of cut and cover construction, the design of
support of excavation, unless it is part of the permanent structure, is not covered in this chapter.

5.2.2 Conventional Bottom-Up Construction

As shown in Figure 5-2, in the conventional “bottom-up” construction, a trench is excavated from the surface within
which the tunnel is constructed and then the trench is backfilled, and the surface restored afterward. The trench can be
formed using open cut (sides sloped back and unsupported), or with vertical faces using an excavation support system.
In bottom-up construction, the tunnel is completed before it is covered up and the surface reinstated.
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Figure 5-2 Cut-and-Cover Tunnel Bottom-Up (a) and Top-Down (b) Construction Sequence
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Conventional bottom-up sequence of construction in Figure 5-2(a) generally consists of the following
steps:

Step la: Installation of temporary excavation support walls, such as soldier pile and lagging, sheet
piling, slurry walls, tangent or secant pile walls

Step 1b: Dewatering within the trench if required.

Step 1c: Excavation and installation of temporary wall support elements such as struts or tie backs

Step 2:  Construction of the tunnel structure by constructing the floor.

Step 3:  Compete construction of the walls and then the roof, apply waterproofing as required;

Step 4:  Backfilling to final grade and restoring the ground surface.

Bottom-up construction offers several advantages:

e [tisaconventional construction method well understood by contractors.

e  Waterproofing can be applied to the outside surface of the structure.

o The inside of the excavation is easily accessible for the construction equipment and the delivery,
storage and placement of materials.

¢ Drainage systems can be installed outside the structure to channel water or divert it away from the
structure.

Disadvantages of bottom-up construction include:

Somewhat larger footprint required for construction than for top-down construction.

The ground surface cannot be restored to its final condition until construction is complete.
Requires temporary support or relocation of utilities.

May require dewatering that could have adverse effects on surrounding infrastructure.

5.2.3 Top-Down Construction

With top-down construction in Figure 5-2 (b), the tunnel walls are constructed first, usually using slurry
walls, although secant pile walls are also used. In this method the support of excavation is often the final
structural tunnel walls. Secondary finishing walls are provided upon completion of the construction. Next
the roof is constructed and tied into the support of excavation walls. The surface is then reinstated before
the completion of the construction. The remainder of the excavation is completed under the protection of
the top slab. Upon the completion of the excavation, the floor is completed and tied into the walls. The
tunnel finishes are installed within the completed structure. For wider tunnels, temporary or permanent
piles or wall elements are sometimes installed along the center of the proposed tunnel to reduce the span
of the roof and floors of the tunnel.

Top-down sequence of construction generally consists of the following steps:

Step la: Installation of excavation support/tunnel structural walls, such as slurry walls or secant pile
walls

Step 1b:  Dewatering within the excavation limits if required.

Step 2a:  Excavation to the level of the bottom of the tunnel top slab

Step 2b:  Construction and waterproofing of the tunnel top slab tying it to the support of excavation
walls.

Step 3a: Backfilling the roof and restoring the ground surface.

Step 3b:  Excavation of tunnel interior, bracing of the support of excavation walls is installed as
required during excavation.
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Step 3c:  Construction of the tunnel floor slab and tying it to the support of excavation walls; and
Step 4 Completing the interior finishes including the secondary walls.

Top-down construction offers several advantages in comparison to bottom-up construction:

e Jtallows early restoration of the ground surface above the tunnel.

e The temporary support of excavation walls is used as the permanent structural walls.

e The structural slabs will act as internal bracing for the support of excavation thus reducing the amount
of tie backs required.

e Itrequires somewhat less width for the construction area.

¢ [Easier construction of roof since it can be cast on prepared grade rather than using bottom forms.

e [t may result in lower cost for the tunnel by the elimination of the separate, cast-in-place concrete
walls within the excavation and reducing the need for tie backs and internal bracing.

e [t may result in shorter construction duration by overlapping construction activities

Disadvantages of top-down construction include:

Inability to install external waterproofing outside the tunnel walls.

More complicated connections for the roof, floor, and base slabs.

Potential water leakage at the joints between the slabs and the walls

Risks that the exterior walls (or center columns) will exceed specified installation tolerances and
extend within the neat line of the interior space.

e Access to the excavation is limited to the portals or through shafts through the roof.

o Limited spaces for excavation and construction of the bottom slab

5.2.4 Selection

It is difficult to generalize the use of a particular construction method since each project is unique and has
any number of constraints and variables that should be evaluated when selecting a construction method.
The following summary presents conditions that may make a one construction method more attractive
than the other. This summary should be used in conjunction with a careful evaluation of all factors
associated with a project to make a final determination of the construction method to be used.

Conditions Favorable to Bottom-Up Construction:

e No right-of way restrictions
e No requirement to limit sidewall deflections.
e No requirement for permanent restoration of surface

Conditions Favorable to Top-Down Construction
e Limited width of right-of-way

o Sidewall deflections must be limited to protect adjacent features.
e Surface must be restored to permanent usable condition as soon as possible.
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