








ergies of 100 billion electron volts
are expected—a force rivaling the
CERN project in Europe, currently
the world’s largest such effort.
Bidding

Prospective tunnel lining con-
tractors were permitted to choose
steel-fiber reinforced shotcrete or
the more conventional shotcrete
with welded wire mesh. The two
lowest bidders, and half of all 16
firms bidding on the project, chose
steel-fiber reinforcement.

Half of the bids came in below
project engineers’ estimates, with
the lowest—$8,183,500, by Gates &
Fox Construction Co.—just below
40% of anticipated costs.

Specifications

The SLC is actually Stanford’s
second tunnel. An earlier 10-ft.-dia.
tunnel, part of a 1978 project, used
conventional shotcrete with welded
wire mesh. Using the same source
for circulating electrons and
positrons as the earlier Stanford
tunnel, the new project is 9,000 ft.
long, features grades of up to 10%
and also has a dia. of 10 ft.

The tunnel designer specified the
use of steel fibers or welded wire
mesh for the project. Steel fibers are
generally considered more effective
than conventional wire mesh instal-
lations and ensure random disper-
sion of fibers throughout the matrix
for improved concrete durability
and performance.

Specifications called for 80-cu.-
yd. steel fibers and a 4,000-psi com-
pressive strength after 28 days.

Excavation

Excavation was accomplished by
two 44-ton roadheaders tunneling
to a maximum depth of 49 ft.,
backed by integral muck conveyors.
Because of the tunnel’s 10-ft. dia.,
though, there was some difficulty
fitting the large units inside.

Tunnel contractors worked three
shifts per day, five days a week.
Shotcreting was done daily, usually
on the night shift, except in areas
where rock was unusually sound,
standing open without need of
prompt support. Soft Miocene
sandstone was exposed without
shotcrete as long as one week in
some areas. However, the rock had a
compressive strength of only 50 psi
and at times exhibited poor shot-
crete bonding. In fact, bonding ca-
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Load deflection data compares characteristics of conventional and steel- fiber rein-
forced shotcrete. Steel-fiber reinforced shotcrete shows slower, ductile failure,
while sudden, brittle failure characterizes conventional shotcrete performance.

pability to sandstone during
construction of the previous Stan-
ford tunnel also proved to be poor.

The two lowest
bidders, and half of
all 16 firms bidding
on the project, chose
steel-fiber
reinforcement.

On both projects, local fall-off of
hardened shotcrete occurred, with
failure commonly at the bond be-
tween rock and shotcrete or an inch
or more into the sandstone. In cases
of bond failure, contractors failed to
extend the shotcrete to the invert,

which would have provided vertical
support, experts say.
Lining

The SLC tunnel is lined with two
layers of steel-fiber reinforced shot-
crete, each 2 in. thick. In areas
where sandstone is particularly soft
or where the tunnel is close to exist-
ing structures, the lining was in-
creased to 6 in.

Half of the tunnel was lined with
steel-fiber reinforced concrete
alone, while the remaining half was
treated with the shotcrete mixture
and steel ribs.

The SLC project, the longest
steel-fiber reinforced tunnel in the
world, was finished on schedule.
Sources say the material shows
promise for fast, efficient and eco-
nomical tunnel support. °
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