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Jet grouted envelope for soft ground tunnel
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ABSTRACT: As part of the City and County of San Francisco’s upgrade of sewer facilities, a new storage/
transport facility was required to be installed in the Islais Creek watershed area about 5 miles (8km) south of
downtown San Francisco. The alignment required that the invert of the new tunnel be approximately 30 feet
(9 m} below the mean low water elevation of San Francisco Bay, which lies about 1 mile (1.5km) north of the
site. Compressed air and a compartmentalized breast boarding shield were specified by the owner as the
means of construction. Kajima Construction and a joint venture of Nicholson/Rodio designed a value engi-
neering proposal to jet grout, prior to tunneling, a cemented soil envelope in the Bay Mud that would totally
encase the tunnel and S feet (1.5 m) outside the tunnel in hardened cemented soil. This cemented soil enve-
lope allowed tunneling with road header, steel sets and wood lagging totally in dry conditions, without the

need for compressed air.

GENERAL BACKGROUND

Jet grouting to form a cemented pre-encasement for
mining of a tunnel in soft silts and clays has been
used in Singapore (Mongilardi 1986) in 1985. Other
applications of jet grouting for tunnel crown protec-
tion by horizontal jet grouting have been numerous
in Europe since the late 1980’s (Bruce 1994). The
introduction of jet grouting as a soil treatment tech-
nique in the United States began in the late 1980's
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where it was initially used as an underpinning
method of protecting existing structures and fre-
quently during adjacent open cut excavation activi-
ties.

The first large scale use of jet grouting in
the United States in fine grained, soft to stiff soils,
occurred in Boston in 1994 as part of the Central
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Antery/Tunnel project. (Bruce, Pelligrino 1995 and
Nicholson 1994), Here jet grouting was used as a
pretreatment of the sub-grade for a deep excavation
on the Bird Island Flats cut and cover tunnel adjacent
to Boston’s Logan International Airport. This $400
million project was a boat section tunnel approach to
the new third harbor tunnel. It involved an anchored
support of excavation wall, approximately 70 feet

(21 m) deep, that was not able to resist a deep seated
wedge failure in the clay. As aremedial measure, jet
grouting and deep soil mixing were employed to
increase the shear resistance of the clay and provide
insitu buttresses for added wall support. Approxi-
mately 1500 jet grout columns, 5-6 feet (1.5-1.8 m)
in diameter were employed with an average length of

column of 35 feet (11 m).
ISLAIS CREEK BACKGROUND

As part of the upgrading of the combined sewer
overflow storage, transport and treatment facilities of
the City and County of San Francisco it was neces-
sary to construct a 12 foot (3.6 m) diameter, steel
lined tunnel in the Islais Creek drainage basin 5
miles (8 km) south of downtown San Francisco. The
chosen alignment dictated a tunnel with an invert at
an elevation approximately 45 feet (13.8 m) below
mean sea level, that would tie into a pumping station
at the eastern end of the tunnel. The path of the
tunnel leads it directly under a dual track main line
Tri-rail embankment and then parallel to and along-
side an existing pile supported sewer. At the Rankin
Street intersection, numerous other near surface
utilities would be crossed, including a fibre-optic
telephone cable (Figures 1 & 2).
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Figure 1: Plan view of the Islais Creek Site

Because of the existing structures, utilities
and in particular the active commuter train line, the
owner, and the engineer, Jacobs and Associates,
were concerned about surface settlement and caving
caused by squeezing of the tunnel face in the soft
soils under the water table. The design called for a
compartmentalized breast boarded shield, and back
grouting to prevent subsidence in the tail void. All
tunneling was to be under compressed air and the
lining segments were to be fitted with gaskets to
prevent inflow of water and loss of air pressure.
(Edgerton,1995)

Kajima Construction, Pasadena California,
who was the low bidder for the work at a price of
$19 million, looked for an alternative to compressed
air tunneling. They contacted Rodio Inc., the
American subsidiary of Rodio S.P.A. of Milan Italy
regarding the feasibility of jet grouting an envelope
of cemented soil around the tunnel alignment prior
to initiating tunneling. Rodio had successfully
performed a similar project in Singapore in soft
clays in 1985 (Mongilardi, 1986) and this method of
pretreatment was becoming a more common means
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Figure 2: Sectional View of Site

of construction in the Far East. Rodio, in associa-
tion with Nicholson Construction Co, Bridgeville,
PA., submitted a value engineering proposal to
design and construct a cemented soil envelope,
approximately 25 foot (7.6 m) square, that would
encase the entire tunnel to a distance of 5 feet (1.5
m) beyond the required neat tunnel excavation line
(Figure 3).

After a test program that proved that the
required treated soil strengths of a minimum 200 psi
(1.4 MPa) could be achieved, the owner and engi-
neer accepted the value engineering proposal. Jet-
grouting work commenced in June, 1994 and was
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