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PREFACE

W. T. Parrott, a long time geologist with the Virginia Department of Transportation, was instrumental in organizing the first

Highway Geology Symposium in 1950. In recognition of Tom Parrott’s contribution to the Annual Highway Geology Sympo-
sium, the following short paper is reprinted from the October 1957 issue of “Virginia Minerals”.

THE GEOLOGIST’S ROLE IN HIGHWAY ENGINEERING
W. T. PARROTT, Highway Geologist
Virginia Department of Highways

The role of the geologist in highway engineering is not
new, but within the past 20 years the use of geology in the
field of highway construction has been steadily increasing.
As far back as 1898 the Maryland Highway Division was a
part of the Maryland Geological Survey, but in 1910 the
Maryland State Roads Commission incorporated the high-
way division into its organization. In 1955, Dr. J. T.
Singewald, Jr., Director, Maryland Department of Geology,
Mines and Water Resources, sent a questionnaire to the As-
sociation of American State Geologists, requesting infor-
mation on the employment of geologists by their respective
highway departments. The replies indicated that 23 high-
way departments employed from 1 to 10 geologists. This
questionnaire also revealed that Ohio was the first State,
1914, to employ a geologist in its highway department, and
that the first highway geological section was established in
1923 by Missouri. On January 1, 1947, the Virginia Depart-
ment of Highways established a geological section within
the Testing Division, with the writer as the highway geolo-
gist. Since then, the staff has been increased to eight geolo-
gists. : :

The duties of a highway geologist are numerous; how-
ever, an analysis of the work done by a highway geological
section and that done by a geological survey shows that there
is no duplication or competition. The function of a state high-
way department is to build and maintain highways and nec-
essary structures. The construction materials are geologic
in origin and the structures rest on geologic foundations.
The more costly the road and more exacting the traffic re-
quirements, the more essential it is to use geologic knowl-
edge in the design and construction of the highway.

The functions of a highway geologist are:

1. To locate stone quarries and sand and gravel pits

2. To conduct local or statewide surveys for aggregate

3. To supervise core drilling and interpret core drill data
4. To make geophysical surveys, either seismic or electri-
cal resistivity

5. To make vibration studies in connection with potential
blast damage

6. To investigate slides or areas of potential sides and sug-
gest either preventive or remedial measures

7. To assist in design of slopes and benches

8. Toinvestigate alleged blast damage to wells, springs and
dwellings

viii

9. To act as a expert witness in ligation
10.To instruct engineer trainees in refresher courses in
general geology.

An examination of these primary functions will show what
specific knowledge is required and that a specially trained
geologist, preferably one with some engineering experience,
1s needed to appraise accurately the existing conditions. Such
training is gained by experience or a course in engineering
geology.

In the location of a quarry, the most important items are
the quantity, quality, and availability of the stone. Gener-
ally, the most important physical properties of good high-
way aggregate are low abrasion loss, freedom from injuri-
ous minerals, and affinity for bituminous material. Depend-
ing on the purpose for which the stone is to be used, an
abrasion loss up to 43% is acceptable for most primary con-
struction and maintenance work. Almost all granite, granite
gneiss, limestone, dolomite, basalt, and greenstone will meet
these specifications. Aggregates that contain a high percent-
age of mica, chlorite, or talc will give a poor bond with bitu-
minous material and their adhesive qualities in various bitu-
minous mixes should be predetermined by laboratory tests.

In conducting an aggregate survey for either a specific
project or on a statewide basis, a comprehensive knowledge
of the previously mentioned physical properties of the stone
is necessary so that the material selected will meet specifi-
cations. In this manner, the geologist assists the engineer in
locating the materials that are available nearest the project,
thus eliminating long hauls and reducing the cost of the
project.

Superficial rod soundings for bridges have been replaced
by detailed exploration by core drills, and probably one of
the biggest jobs of the highway geologist is correlating and
interpreting core drill data. In rock, the core drilling entails
the cutting of a rock core, which is examined for fractures,
mineral content, and degree of weathering. In unconsoli-
dated materials, samples of sand, clay, or gravel are taken
and examined for moisture content and degree of plasticity,
and the resistance the materials offered to drill casing or
sampling spoon is noted. Once these data are obtained, an
accurate appraisal of the results by the geologist gives a pic-
ture of the subsurface conditions to the bridge designer and



a bridge can be designed for the best as well as the worst,
conditions that may be encountered, with substantial sav-
ings in the design.

Geophysical advances that have aided the geologist and
the engineer are electrical and seismic subsurface surveys.
The old method.of estimating the amount of rock and soil
which may be encountered has given way to the more accu-
rate determination by either resistivity or seismic methods.
Both of these methods are used by state highway depart-
ments. The seismic method is a small scale utilization of the
reflection principle which is used by oil companies in ex-
ploratory work. A small charge of dynamite is exploded,
setting up seismic waves, which are recorded on special in-
struments placed a various distance from the shot point. The
interval between time of shot and arrival of the seismic waves
at recording stations is measured and the velocity of waves
determined. Because various materials transmit the waves
atdifferent velocities, this information is used with the known
geology of the region to interpret the subsurface conditions.
The electrical resistivity method is probably more popular
because it requires less equipment, eliminates the danger
from explosives, and affords greater portability. This method
measures the resistance that material will offer a given
amount of electrical current. By correlating this information
with the known geology, aided by one or two test holes, a
very accurate rock-soil profile can be developed. From cross
sections drawn of the proposed construction, the highway
designer can calculate the over-all amount of cut and fill he
may have in a given area; however, with the rock-soil pro-
file, it is possible to determine the amount of rock available
for the base of the fill and the amount of material available
for capping or for borrow purposes. The Virginia Depart-
ment of Highways has been using the resistivity method since
1950, and predictions based on this rock-soil profile have
averaged 98 percent correct as proved by actual construc-
tion.

One of the greatest bugbears with which a highway de-
partment may be faced is an enormous number of claims
from property owners who live in areas adjacent to con-
struction limits, that their wells, springs, or dwellings have
been injured by blasting during construction. Vibration stud-
ies have come to the aid of the engineers in such cases. In
the past, the determination of alleged damage has been based
on personal observation and the reports of the people on the
construction project and of the property owners. However,
there was rarely concrete evidence, except in a few cases,
that would support the contention of either side. Within the
past few years the development of an instrument for the
measurement of vibration and the acceleration of shock
waves through the earth and rock has gone far to eliminate
potential court cases, as well as substantiate the claims of
the state or property owner. In fact, the science of vibration
study is rapidly developing a branch of specialists who can
render great aid to any individual or corporation faced with
potential blast damage. The use of these experts, plus their

recording machine, has, in at least two cases, saved the state
and the taxpayers thousands of dollars in refuting the claims
of private individuals who claimed that their property had
been damaged. With the expanding use of these instruments
it is believed that virtually all claims will be placed on a
scientific basis and each can be decided upon its own mer-
its.

One of the natural phenomena that can be very time con-
suming to the highway geologist is landslides and rock falls.
Contrary to popular opinion, a landslide need not be a cata-
strophic occurrence, but may take the form of relatively small
amounts of rock and earth that plague the highway engi-
neers in either old or new construction. It is the duty of the
highway geologist to inform the design engineer of any area
that offers a slide potential and to suggest preventive mea-
sures which would eliminate or at least reduce the danger of
slides. Once a slide has occurred, it is also the highway
geologist’s duty to suggest remedial measures which will
prevent future slides. Some of these measures are benching,
flattening the slope, stabilizing the area by vegetation, and
last, but far from least, is proper drainage. In some instances
vertical sand drains, which are drill holes filled with sand to
remove excess moisture, are used. Grouting is also used:
that is, a mixture of sand, water and cement is pumped into
the ground and the mixture, or grout, forces out excessive
moisture and occupies the former voids. Upon setting, the
grout binds the soil together and prevents water from enter-
ing the area treated. In grouting as area, adequate provision
must be made for escape of ground water; otherwise, the
building of hydrostatic pressure may wreck all efforts to
control the slide.

With the inauguration of the new federal highway pro-
gram, the proper design of slopes and benches that will con-
form to the standards of the Federal specifications has in-
creased the work of the highway geologist. Each of these
cases is an individual one and the benching and sloping must
be tailored to suit the existing conditions.

Another facet of the highway geologist’s duties is that
of acting as an expert witness in litigation between property
owners or contractors and the state. Any of the aforemen-
tioned functions may be used as a basis of litigation, and the
testimony of the geologist may lead to a favorable judicial
decision. The two subjects on which the highway geologist
is called upon to testify most frequently are damage to water
supplies and dwellings.

A very important function of the highway geologist is to
offer a short refresher course in general geology to engineer
trainees. Most of these men have had at least one course in
general geology while in college, but it is a duty of the ge-
ologist to point out the more special aspects of geology as
applied to highway engineering. In this course the young
engineer learns that geology is another tool with which the
adverse conditions and agents of nature may be more suc-
cessfully controlled. Within the past ten years, at least 100
or more engineer trainees have been given this refresher
course.






