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LER A AR ISTR The I-15in Salt Lake City, Utah US

of saturated clay. When a bridge is built on top of this

the clay compresses and the foundations sink. This
“consolidation settlement” is common in road construction.
When this happens the surface of the bridge canbecome uneven:
CDs jumping in car stereos is the least of their problems. It can
lead to the need to reduce traffic speeds. Underground utilities
such as water mains; sewer lines and electricity cables can also

ﬁ lot of the ground in the US state of Arizona is made
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on saturated clayey soil
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Lightweight solution

US engineers use geofoam to build bridges
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Typicol geofoam
installation at a bridge
crossing
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be damaged. Repairing the damage caused by consolidation
settlement takes time and money. Sometimes builders can
feather in an overlay to make the surface even. In extreme
cases the bridge approach has to be rebuilt.

About 1m of consolidation settlement typically occurs
when 10m high retaining walls or embankment are placed on
top of saturated foundation soils. These soils require two years
to complete consolidation settlement. Engineers who have
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enough time can overbuild the embankment, making it 40 per
cent higher than the bridge. Once the settiement has occurred,
engineers remove the excess embankment.

But for the Interstate I-15 project in Salt Lake City, Utah,
US engineers did not have time to allow settiement to occur.
Contractors had to replace all the road's existing bridges with
144 new overpass structures. They also had to widen existing
roadways with a high occupancy vehicle fane and an additional
auxiliary lane on each side of the interstate. And it ali had to
be done in record time.

The solution: to use a special lightweight material called
geofoam. Geofoam, or expanded polystyrene (EPS), is widely
used for packaging and in building construction. Manufacturing
of EPS uses expandable polystyrene resin beads that are less
than 3mm in diameter and contain microscopic cells filled with
a blowing agent to expand the foam. The usual blowing agents
are pentanes or butanes and make up about 5 per cent of the
bead weight.

Geofoam has been used for lightweight embankment
applications in Europe, Japan and the US. Most installations
involve reducing consolidation settlement, improving the
embankment’'s bearing capacity, preventing landslides or
earthquake proofing.

Before construction began on the I-15 engineers used
drains in soft sediment areas. This process cut settlement
duration time down to just three months. Geofoam was
then used to create the lightweight embankments. Builders
placed approximately 100,000 cubic metres of geofoam in
settlement-prone areas.
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At 16 to 32 kg/cubic meter geofoam has a very low density
when compared to embankment materials, which are 2160 kg/
cubic metre. Because of this it can be used instead of traditional
earthen materials to protect utility corridors. This altowed the
underground utilities, which ran alongside the interstate, to
remain in-service during construction without incurring the
large costs associated with their interruption, replacement,
and/or relocation.

The geofoam blocks used on the I-15 project were 0.8m high,
1.2m wide and 4.9m long. The bottom layer of geofoam blocks
was placed on a 0.2 m of sand bedding. Some blocks were slid
into place by hand. At steep embankments, contractors used
a crane to lift the geofoam blocks. They were then fitted into
place using corkscrew-type anchors. A crew of four workers
and a foreman were able to place up to 200 blocks per day. To
cement the blocks into place a concrete slab was poured on
top. This creates a rough texture forming a strong adhesion
bond between the surfaces.

One of the problems encountered on the project was that
the geofoam surface was exposed to prolonged durations of
sunlight. This led to discoloration and dusting of the surface
due to ultraviolet degradation. Engineers examined samples
of the exposed geofoam. They found that interface strengths
between the geofoam and cast in-place concrete decrease with
the level of UV exposure and surface degradation. However if
the geofoam is power washed before the concrete is poured in
then UV degradation can be avoided.

Another issue with geofoam is that it needs to be protected
from potential petroleum and solvent spills, fire and animal
attacks. On the I-15 project the load distribution slab, pavement
section, and fascia panel wall offer protection against spills
and fire. In places where the geofoam blocks are placed on a
side slope, a geomembrane liner was used. This is a tri-polymer
coating made of polyvinyl chloride, ethylene interpolymer alloy
and polyurethane. A modified flame retardant resin was also
used for fire protection; borate was added to prevent insects
from boring into the material.

The 27km of road was completed in just four years and
cost USD 1.5bn (RMB 12.4bn). This was the single largest
application of geofoam in the world. The project won the 2002
Outstanding Civil Engineering Achievement award, presented
by the American Society of Civil Engineers.

A geofoam embankment and wall usually cost between
two and two and a half times that of traditional mechanically
stabilised earth wall. The extra cost is worth it. The lifespan of
the bridge is improved; construction time is reduced and utility
damage or relocation costs avoided.

Steven Bartlett is an assistant professor at the department of
civil and environmental engineering, University of Utah





