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Design and Monitoring of an Embankment
on Controlled Modulus Columns

Seth L. Pearlman and Ali Porbaha

The controlled modulus columns (CMC) foundation is one technigue of
ground modification for support of light structures such as highway and
railway embankments. In this technique, a specially designed auger, pow-
ered by equipment with large torque capacity and high static down thrust,
displaces the soil laterally without vibration. During the auger extraction
process, a column is developed by pressure grouting to achieve a pre-
determined stiffness ratio with the surrounding soil. Because of the com-
bined effect of densification and reinforcement, the properties of soft soil
are improved because of composite action. The design and monitoring
of a column-supported embankment project are presented; 2,193 CMC
columns were installed up to a depth of 12.5 m to control settlement. The
main challenges were construction on soft ground and the need for an
accelerated construction technology for timely delivery of the project.
Various alternatives, stability analysis, design considerations, construction
challenges, quality control, and monitoring system were evaluated.

Embankment construction is an essential element of any highway
and railway infrastructure system. The problem arises when the
highway embankment is expected to pass through marginal ground
conditions such as soft clay, bay mud, organic soil or peat, chalk, or
loose fine sand. In these cases, the ground 1s subject to settlement or
stability problems caused by lack of bearing capacity. The sites with
loose saturated fine sand also are subject to iquefaction caused by
strong ground shaking. To overcome these difficulties, a wide range
of deep foundation systems has recently been developed for con-
struction of embankments on soft soils (1, 2). These techmques take
advantage of various ground modification concepts, such as densi-
fication, reinforcement, solidification, and so on. Figure 1 illustrates
the load transfer mechanisms in a conventional piling system and ver-
tical columnar system, such as controlled modulus columns (CMC)
foundation, to control settlement.

This paper presents the case history of an embankment on ver-
tical columns using CMC. The details of analysis, design, and
construction monitoring are discussed.

CMC SYSTEM

CMC, originally developed in France, is a ground modification sys-
tem that reinforces soil by screwing a hollow auger into the soft soil
and installing a low-pressure, cement-based grout column through the
hollow auger (see Figure 2). The combined effect of densification and
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reinforcement improves the properties of the soft ground caused by
composite action, The CMC system uses a displacement auger pow-
ered by equipment with a large torque capacity and high downward
thrust, which displace the soil laterally with virtually no spoil or vibra-
tion. When the auger is screwed into the soil to the required depth, the
compression resulting from the lateral displacement increases the den-
sity and load-bearing capacity of the surrounding soil. When the re-
quired depth or a preset drilling criterion (usually rotational torque) 1s
reached, a highly workable grout—cement mixture is pumped through
the center of the hollow auger. The grout mixture then flows under low
pressure out of the auger base as it is retracting to obtain a high-
capacity column that can be used close to sensitive structures. The
grout is injected under low pressure, typically less than 10 bars
(145 psi), and no soil mixing takes place during the pressure grout-
ing. To ensure that the soil above the auger remains compacted, the
top of the auger is equipped with reverse-direction flights. The result
is a composite system with column reinforcements bonded to the
surrounding soil. The main features of CMC technology are as tfollows:

¢ Material is grouted in place with the use of a displacement
auger without spoil.

¢ Deformation modulus is 100 to 3,000 times that of soil.

* Soil properties are improved around the columns by compression
resulting from the lateral displacement.

* Diameter is determined on the basis of size of the auger (usually
in the range from 350 to 500 mm).

¢ Common installation practice is based on square grids with
center-to-center spacing in the range of 1.2 t0 3 m,

e Maximum length of treatment is 25 m.

The case history of a project in which a CMC foundation system
was used for embankment support 1s discussed here.

PROJECT DESCRIPTION

The project consists of improving the ground under the access
embankment of a road covering 17 km of railway construction.
The embankment height ranged up to 7.5 m and a live load of
20 kPa because the road traffic was taken into account. The main
design requirement for the ground improvement was to limit the
postconstruction settlement of the embankment to 10 mm per decade.

SUBSURFACE CONDITION

The geotechnical data for this project are derived from the cone pen-
etration tests (CPTs) performed along the axis of the anticipated
embankment from station 0+420 to 0+600. The CPT resulis are
presented in Figure 3.






