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ABSTRACT

A comprehensive nondestructive testing program consisting of sonic/ultra-
sonic velocity and pulse-echo, ground penetrating radar (GPR), and vibration mon-
itoring measurements was conducted along the Massachusetts Bay Transit
Authority’s (MBTA) 80 year old twin Red Line tunnels (RLTs). The purpose of
these measurements was to evaluate the existing conditions of the tunnels prior to
excavation of the tunnel overburden and construction of new concrete immersed tube
tunnels that will be located within 6 ft of the crown of the RLTs.

Nondestructive testing (NDT) results were used to evaluate concrete liner
conditions, including strength, moduli values and thickness, the condition of the liner
section construction joints, and identification of steel reinforcement, water infiltration
into the liner, and grout protrusions outside the liner. Subsequent concrete coring and
laboratory testing confirmed the NDT results.

BACKGROUND

The RLTs were constructed in 1916 using a 24 fi diameter shield under
compressed air. The tunnel liner system consists of a 9 in thick wood lining followed
by a minimum concrete thickness of 2 ft. A typical RLT cross-section is presented in
Figure 1. The concrete liner was generally constructed in 15 ft long segments with
circumferential and longitudinal construction joints. An asphaltic waterproofing
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membrane was applied to the interior surface of the wood liner prior to concrete
placement. The northbound (east tube) tunnel was constructed first. Minor amounts
of reinforcing steel (reinforcement ratios are less than 0.2%) were placed in the crown
and west wall of this tunnel to accommodate unsymmetrical loading as a result of
adjacent southbound tunnel construction activities. Construction of the southbound
tunnel, which is located a clear distance of 5 ft west of the northbound tunnel, pro-
ceeded at sdbme distance behind the northbound structure.

The historical record of RLT construction (Boston Transit Commission, 21st
Annual Report, Report of the Chief Engineer, June 1915; and Boston Society of Civil
Engineers, The Construction of the Dorchester Tunnels Under Ft. Point Channel,
A A. Cohill, May 1916) indicates that the two tunnels were constructed as described
in the following generalized steps:

1. The northbound tunnel was constructed first, advancing from south to
north. The southbound tunnel construction followed at some distance behind the
northbound tunnel.

2. Each tunnel was advanced by jacking a shield forward about 20
inches, and mining the face within the shield. Approximately 22 psi air pressure was
used to balance pore water pressures in the surrounding soils.

3. A wood liner consisting of 9 in thick by 4- to 6-fti-long sections of
Southern Yellow Pine was installed immediately behind the shield. Grout was
pumped at approximately 45 psi into any voids that may have developed between the
soil and wood liner.

4. When the tunnel face was advanced a sufficient distance, a 15-fi-long
section of invert slab concrete was poured. The inside surface of the wood at the
invert was waterproofed with three layers of asphalt and cloth before the invert slab
was constructed. The invert slab served as a staging platform for subsequent
construction steps.

5. After the shield advanced at least 100 feet, the remaining interior
surface of the wood liner was waterproofed with three layers of asphalt and cloth.

6. The arch portion of the concrete liner was poured in 15-fi-long
sections using a form that traveled on the invert slab. It is estimated that the face of
the shield had advanced approximately 150 ft ahead when the tunnel arch concrete
was placed. Minor amounts of reinforcing steel were placed in the northbound tunnel
at the crown and west springline.

Presently the tunnel is generally dry, although areas of previous leakage are
evident. These have been remedied by grouting, which at some locations was report-
edly extensive. This extensive grouting raised concerns that large potential grout
protrusions existed atop the tunnel crown.
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