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Abstract:

Subsurface investigations for highway design projects must provide data of varying type and
quality at different stages of the design process. A program of drilling and test pits is the most
common method of collecting subsurface information but it may not be the most efficient way to
gather this data. Seismic refraction coupled with a limited drilling program and a small number
of test pits can provide an accurate, cost-effective way to gather subsurface data. The
availability of this information in early stages of a highway design project is critical, so that
informed decisions can be made between different possible alignments.

A combination of test pits and/or drilled subsurface investigations with geophysical seismic
refraction surveys have yielded accurate subsurface information at different stages of design for
a number of Highway projects designed by MDOT. Soil stratification, depth to ledge and degree
of fracturing were provided by seismic refraction at closely spaced intervals and confirmed by a
limited program of drilling or test pits in easily accessible locations. The information was more
reliable than when only drilled data were used, and obtained at a fraction of the cost of a
conventional program of closely spaced borings. Case histories will be presented documenting
the successful application of seismic refraction techniques to provide top of bedrock information
for road cut design studies. Emphasis will be on the accuracy of the results and the monetary
savings.

The role of the subsurface investigation in the highway design process

In many rural highway projects there is some question at the preliminary design stage of whether
and how the alignment should be changed for safety improvements. Unlike in private sector
development, the State will acquire Right-of-Way to build a road, and so the principal constraints
of alignment choice are cost and impacts to wetlands or historic properties. There are generally
many possible alternate alignments, and the most cost-effective choice isn’t clear until some
subsurface information is available. At this stage of design, rough subsurface data is needed so
that preliminary decisions can be made. This data will be supplemented in the final design, and
it need not be precise.

In Maine the data generally used in the preliminary design phase of a highway project are
resource maps and as-built plans if available, with discussions with Maintenance personnel and
local residents. Raw deflections from the FWD test may be used to get a rough idea of the weak
areas of the pavement structure or parts of the roadway which are likely to have shallow ledge.
In past practice, the final alignment has been chosen with no other site-specific data for large
highway projects, due to the high cost of off-road investigations and the awkwardness of drilling
on properties that may not be acquired for the construction. In the past several years, Maine




DOT has moved toward adding seismic refraction studies before the final alignment is chosen in
areas where significant highway realignment or deep side-hill cuts are proposed.

Seismic refraction analysis allows the engineering design team to determine a very rough
estimate of rock excavation quantity and cost as compared to the cost of, for example, adding
retaining walls or relocating a property owner on an alternate alignment. These decisions can be
made based on actual site-specific data to ensure that tax money is spent in the most efficient
manner. Areas of organic or saturated soils can also be located and a decision made on whether
to design for them or choose an alternate alignment.

In final design of a highway project, the data needed is more specific, and borings or test pits are
required to determine soils characteristics for the design of pavement structures, retaining walls,
large culvert foundations, and slope stabilization measures. The seismic refraction data can be
used to limit the number of borings or test pits required to identify specific soils while obtaining
more continuous general subsurface information.

The refraction data will indicate the lateral extent and depth of a soil type where there has been a
change. In Maine we have large areas of glacially deposited clay-silt soils existing as layers and
lenses within granular layers. A layer of saturated soil that exits into a slope can reasonably be
interpreted as a clay-silt, and the refraction study will show the lateral extent and thickness of
this layer for design purposes. Interpretation of seismic refraction data by an engineering
geologist can indicate strata of saturated marine clay-silt or heavily fractured ledge so that
conservative slopes can be designed in these areas and adequate ROW acquired during the
design phase of a project. Drill refusals may indicate either a large boulder or shallow ledge, and
in some areas of Maine the diameter of many boulders exceeds 2 meters. A number of borings
and test pits will still be required for any highway realignment project, but they are used to
determine specific soil characteristics, where the refraction study is used to show the lateral
extent of each general soil type.

Raw deflections from an FWD test can indicate areas of shallow ledge under an existing paved
roadway, but other conditions may cause an extremely flat reading. Refraction will show the
extent and approximate depth to ledge both for cost estimation and design purposes. It will also
show the degree of fracturing so the engineer will be able to estimate ledge to be ripped as
compared to ledge blasting for cost estimation. If heavily fractured ledge is indicated in a side
slope, borings will be needed to determine the orientation of the joints with respect to the cut line
to determine the clear zone required for rock falls.

Uncertainty in Subsurface Investigations

The seismic refraction survey method has several inherent limitations that affect the accuracy of
the results. In general, depth calculations should be expected to be within 10% of the actual
depth except in very shallow (less than 15 feet) bedrock conditions. In shallow bedrock
conditions errors can be greater due to rapid changes in bedrock topography between sensors or
localized overburden velocity variations. Other limitations include: as depth of investigation
and geophone spacing increase, resolution decreases; thin layers may not be detected; velocity







