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Foreweord

The Annual Symposia are informal meetings at which subjects
of mutual interest to geclogists and highway engineers are presented
and discussed. The value of gesological sciences and procedures to
the planning and construstion of highways has become recognized in
many areas vut the fullest efficiency of their use has not been
developed., The exchange of ideas always aids in more rapid advance-
ment and the aveidance of srrors and it is to this end that the
gympogla were originated by Mr. W. T. Parroti, Geologist for the
Virginia Department of Highways., The first Symposium was held in
the Highway Department's Auditorium in Richmond, Va., in 1950,

Extreme latitude is given the Sponsors as te the arrangements
and every effort is made to keep the Symposia simple to arrange
and conduct. Central themes are avolded and diversity of sub jects
encovraged, Practical aspects are considered highly important
and invelved scientific treatises have no place in the Sympesia,
It is felt that these aims have been ascomplished in all of the
Symposie held thus far and the continued interest and attendance
recommends that even greater efforts to sdvertise them are justi-
fied in the fulure,
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1956 Program Arrangemsnts

‘ The Symposia have alwayg tsen held in a one-day programs
that leave very littie time for the perscnal contscts and
dsvelopment of acqualntancesiiips whish, freguently, form the meost
profitable part or the scenference or meeting. Witn this in mind
there was an Innovation a2t the Ssventh Annual Symposium on Geolegy
ag Applied to Highway Engineering in the form of a Smcker the
evening before the formal program to which all who registered were
invited.

The refrecshments were previded by the Superior Stone
Cempany, Raleigh, N, C., and ths Becker County Sand and Gravel
Company, Cheraw, S. Co A large npumber of those who attended the
Symposium were on hand,and most ¢f the Speakers, thus making it
poasitle for the Speakers te feel more at ease In their approach
to their subjeects and te fit the expressed interests of their
preogpective listensrs at the next day's sessions. All declared
the aocial hour to be a definite sucscess. It was held at the
Sir Walter Hotel in downtown Raleigh whereas the program was held
in the Riddick Enginecering Bulilding on the North Carolina State
College Campus,

The Welcome to State College wasa glven by Chancellor
Carey H, Bostian who was introeduced by Dean J., H. Lampe, School
of Ergineering. The Responuse waz made by Chairman A. H, Graham,
North Carelina State Highway and Publles Works Cormission,

Presiding over the morning session was Dr, Ralph E. Fadun,
Head, Department of Civil Engineering, No C. State College, and
at the aftsrnoon session the presiding officer was Dr, Jasper L.
Stuckey, North Carolina State Geologist.

Between the morning and afternoon sessions lunch was
served in the College Dining Room following which there was
& color metion picture shown, "Relosation of U., S. 7C Between
Ridgecrsst and 0ld Fort, N. C." The film was produced by J. P,
(Pete) Bourke, Roadway Photcgrapher for the State Highway
Cormission and showed the construction of the spectacsular highway
across the mountain from clearing to final surfacing,

The Staff and facilities of the College Extention Division
of North Carolina State College who performed the details of
printing, publicity, reglstration and many other essential chores
are hereby acknowledged with the thanks of the Spensoring Committee.



Lendslides and the Ingineer

by
Robert ¥, Baker
INTRCDUCTION
of the engine in the sclution cof landslide problems

n well defined, Fow many years, railroad and highway
have charged him with responsibility for their proper
haJn freqUPnLLy “~l¢ed upon a geologist or an

oist for guidance in the solutlon cf large=-scale
fortunate*, the theory for scientific treatment
) inveztigators were forced to rely almost com=
xperisnce,

1 valitative data, but a corres
pproach was not available. Since

j be< that relate driving and
. 1 for erigineers to devote more and
T The aeye_qlmpnt of & reaconab'y rational proccedure
fundamentals of enginesering mechanics, Farthermore,

SR T ;euﬁ uf ?alge earth moving equipment, bringing with it a more
I'svoralble price for excavation, made slope stability a more frequent
conzlderation,.

h the increasing number ef slope stability problems, the
N

highw&y eLgipeer was faced with a choice between a qualltatlve or
emplrical method and the highly th@oreu¢Cd1 mechanics approach.
Almost without sexception, assistance from the geologic viewpoint was
reguested. The degree of success was varied. When help came from
the enginsering- ;ﬂﬁTuwy Field rogress was generally good, However,
for the acad r purely za 1¢ geologist, the transition to
Ehe i T on prac Aasion came with considerable
dirdieul inst latter condition led to the
selection of engineers wi mechanics background. Within

the so0lil engineering field, st in s;ope stability was great,
ancs numercus engineers became rested from a fundamental view-

o
e g 2 xm
MoLlite

both geologists and englneers active in the studies of

it has been increasingly more common to encounter

z5 ©To the mest desirable organization for problems

the hwo sc1enﬁego It is the purpose of this paper to
pe3sible interrelationships, and to cite a typical landslide

RELATICN BETWEEN GECLOGIZ AND ENGINEFRING PRINCIPLES

liv 2rder Lo clarify the discussion that follows, certain



terminology needs clarification. A landslide¥* is defined as
"downward and outward movement of slope-forming materials com-
posed of natural rock, soils, artificial fills or combinations
thereof". Falls, slides, and flows, are the three principal
types of landslides, and can be differentiated simply on the
basis of the forces and resistance to movements¥*. Falls are
masses that move down the slope in leaps and bounds, largely
under the direct force of gravity. ©Slides are those movements
for which a significant shearing resistance exists at the slip-
surface, and flows are landslides for which little or no shear-
ing resistance is available along the surface of separation.

A landslide problem will be used in a rather specific sense
to differentiate between an academic or pure science approach and
a specific set of conditions that require a practical solution.
Geologic principles are defined as those data that describe, in a
qualitative fashion, the history of the area, the development of
the landslide, and the causes and contributing factors to move-
ment. Engineering principles will refer to those factors that
produce, in a falrly direct manner, quantitative values that
delineate resisting and motivating forces as well as the economics
that are involved.

It is quite obvious that geology and engineering will over-
lap, particularly in practice. The borderline situations involve
very argumentative factors. However, since precise delineation is
not important for the purposes of this paper, no detailed differ-
entiation will be attempted.

One perspective of the relative position of geologic and
engineering principles in a landslide study is contained in Table
I. The steps in the investigation were outlined, and the use of
basic principles from the two sciences were considered. An effort
was made to delineate between the degree of importance of basic
principles at various stages in a study. Rather arbitrarily a
"major" or '"minor" status was assigned. There is very little real
significance to Table I, although two conclusions might be drawn:
one, geologic principles are extremely important in the investi-
gational and analytic phases, while engineering principles are
particularly necessary in the analytical and solution stage; and,
two, neither of the two sciences should be ignored during any
phase of the study.

* Definitions from "Landslides and Engineering Practice" a
forthcoming book prepared by the Committee on Landslides Investi-
gations of the Highway Research Board.
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If one accepts the alignment given in Table I, the engineer
wouvld be responsible for the development of the solution. In
apaller organizatioms, this would be tantamount to delegating total
responsibility for the study te the engineero For larger companies
or ageneies, the work could concelvably be divided into two parts,
with a geologist in charge of the investigational stage and an
engireer heading the analytic work. If an engineering problem is
involved, mndoubtedly the recommendation would be reviewed by an
sngineer with a good geologic background, Under any arrangement,
competent persommel from both a geologice and engineering viewpoint
are = necessity if the best answer 1s o be obtained.

TRANSLATION OF THE RESULTS OF GEOLOGIC STUDY INTO ENGINEERING DATA

Trore is 8 wealth of data available for scientific analysis in
ths geologie 2iterature, Case historlies are numerous, many of which
coniain a great desl of detaili. To the engineers who are intro-
Guced for the first time to landslides, this literature has 1little
value in its present form beyond broadening the vision and, in
some instances, furnishing experience which permits more rapid
proficiency for empirical solutions.

However, there are itwo major difficuities related to rapidly
and accurately abscrbing the data in the literature, One lies in
the diversity of classification, terminology, and technlcal
details that are reported, and the second is related to the human
element which tends to (13 produce results of the successes and
not ths failnures and (2) promoite premature discussions of a given
analysis and treatueni.

Az a result of the first menitioned difficulty, an engineer is
required to read and obgerve extenslvely before he learns what a
®debyis avalanche” really is, and whether or not the type occurs
with freguency in The regiom in which he 1is interested He may
read of the dangers of "serpentine® or the "Consmaugh Shales" but
not be able to translate this knowledge into quantitative values.

If he then neglects congiderations of driving and resisting

forces, he may become completely "lost® as to how to deal with

these troublesoms formations beyond aveiding the areas, if possible,
or philosophically paying for damages that result, The availability
of experience and descriptions related to these critical formations
permits translation into "relative® stabllity values and into
sources of restraint and motivation. With study, gocd quantitative
data should be forthcoming.

As to the human elements involved with reporting landslide
experiences, a follow-up study of as many of the problems as
possible would produce some data as to reliability and permanence
of the treatment method. Additional efforts might be needed to
learn the details related to unsuccessful treatments.

Another phase of the problem of translating geologic data into
engineering factors lies in the determination of the quantitative



iwplications of resulils dealing wilth the historical, structural,
geomorphic and physlographic aspects., Certainly some reflections
of these factors will be present in the forces that are acting
upon the landslide mass. <The relationship may be in the shearing
resistance of some of the materials, or it may be significant in
terms of hydrostatic pressures. EFven with ocur lack of knowledge
for a2 complete translation, some estimates of the influences on
the mechanics of the movement are possible., The full value of the
data derived through the pure geology scilences will not be realized
wntil a method is available for its converszion into guantitative
effects upon resigting and driving forces,

EXAMPLE OF A LANDSLIDE INVESTIGATIOR

The example of a landslide investigatlion that is digcussed in
the following pages is not a wodel for such problems. It was
selacted because it represented the most complex and extensive
series of studies wndertaken by the author while working with the
West VYirgieria Road Commission during the period 1249-1954. The
adeguacy of the recommendations will not be considered, since |
conasteetion work on the project has not besen completed, The
general technigune vsed Lopr the studies is the pyimary source of
interesht, although the absence of a psrfoprmancse history prevents
en analyeis cf the interpreiation of the date,

The problem aross during the planning stages Tor approximately

hres miltes of new location for U.8. 60, EBast of Charleston near
the town of Bell in EKenawhs County, WGS% Virginia. The proposed
location was along the back edgs of the Kanawha River terrace,
Since a teoe=sxcavation of The ialug deposits of this area will
invariably iead to a lapndslide, the gtudy was assigned in October,
1953 to the Deparitment of Soil Mechanics hy the State Construction
Engineer, wno at that time was Mr., George W, McAlipin, The study
was completed in Juwe, 1954 and a total of $13,104.88 was estimated
as having been speni. less than ore-half mile of the proposed
Jocation was situated so as to be free of landslide problems.
Figure 1 shows the West end of the project which contained the

a8t critical sections, This wmile of the project will be discussed
in more detail in the following.

With suwch an obvicus large-scale slide problem, one might
wondey why & better location was not selected. A long-range study
hed been made in previous ¥ears., The presence of the railrcad
(Figure 1), a large industrial plant beiwesn the railroad and the
Kapnawha Biver, as well as rugged, irregular slopss to the North
made sll other locations ynfeasible, Certainly the three miles
under conslideration were the most troublesome of the forty-mile
streteh that was involved,

e L

i - L3 b4 o o b

The prelimipary investigation incinded a review of a set of

Blans prepared in 1948, irphotos, available from the U, S,
epartment of Agriculiure, were studied, as well as county geologic




10

maps prepared by the W. Va. Geological Survey. After a brief field
examination, the project was divided into five areas, based on
similar conditions as to landslide potential. <Lhe detailed field
investigation that followed inciuded auger and core boring, elec-
trical resistivity measurements, accurate locationing of exposed
bedrock, extension of cross-sections (sometimes as much as 500
feet transverse to centerline and 200 feet higher than centerline),
accurate locatloning of electric towers and pipe lines, and other
miscellaneocus items, The office gtudy consisted principally of
assimilating the data, plotting of cross-sections, and analyzing
the prcblem from a treatment viewpoint.

In addition to the author, the technical staff that was available
to workon the problem included: a civil engineer who coordinated
all actlvities and was in direct charge of the analiysis; a geologist
wno assisted in the planning of the field studies, conducted part of
the electrical resistivity tests, prepared a general geologic report,
and reviewed the analysis and the recommendations; and a young civil
engineer who directly supervised the field investigation. A special
series of electrical resistivity tests were conducted by Mr. R. W.
Moore, U.S. Bureau of Public Rocads.

Due to the rugged terrain, several miles of access roads for the
driils were cut by a bulldezer obtained on a rental basis from the
Maintenance Division. The Department's own auger drill, core drili,
and electrical resistivity equipment were used. Samples and rock
core were taken, tested and classified in the laboratory., Approxi-
mately 119 auger holes, 10 ccre drill holes, 46 slectric resistivity
iocations, and 3 miles of degzer roads were involved. The approximate
total foo%age was 1500 feet Dy avger, and 300 feet by core drilling.

Geologic principles were applied to advantage throughout the
study. During the earliy stages, the general geology of the area was
defined. Core borings were located so as to produce the geologic
column shown in Figures 3 and 5, The location of the Warfield
Anticline near the middle of the project indicated a dip of two feet
in one thousand feet toward both ends of the project. Geomorphic
principles aided in the identification of existing and potential
slides and flows, and greatly facilitated the selection of drilling
sites, TInterpretation of electrical resistivity results, as well as
aid in the locationing of test sites, was also governed largely by
geologic aspects. The following quotation from the geolcogic report
is of interest: "The presence of the massive sandstone explains the
behavior of the hillside with reference to the landslide problem.

In the past, the sandstone has been slower weathering than the

shale, thus producing a bench., In many instances, the soil mantle
moves down and spills over the sandstone as water saturates the
material. .Subsurface water can be anticipated at an elevation of
700 to 710 near the coal and underclay, ther coal seams can be
anticipated above an elevation of 800 and near 770%. This statement,
plus similar data, had a great deal to do with the final recommen-
dations that were made,

During the early stages, the primary engineering work consisted
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of cross-section survey; layout of dozer access roads, accurate
locationing of drill holes, power lines, etc. and general
coordination of equipment and personnel. For the analysis, an
engineer studied various methods of treatment, but the influence
of the geologic factors received due consideration.

Some of the recommendations will be of particular interest.
It might be pointed out that essentially three dangers existed as
follows:

(1) Undermining of upper layers, thus producing slides, flows,
and falls onto the roadway.

(2) Undermining of electric towers and pipe lines.

(3) Slides developing below the road so as to encroach upon
the railroad.

From a monetary sense, the potential damage to the utilities
were by far the most troublesome to analyze and to correct.

In Figure 2, typical cross-sections are included to illustrate
two principles that were employed. Where excavation could be
avoided (over a fairly extensive stretch), the grade line should
be raised (as shown for Sta. 369+50) even though the cost of a
crib-wall might be required to protect the railroad. This solution
was recommedned for a total length of 2500 feet near the West end
of the project. One major landslide (near Sta. 367+00) could thus
be avoided, or at least, the condition would not be aggravated. At
Sta. 390+00, bedrock was located near the planned grade line at.
center-line. Benches were recommended to intercept the debris
produced by rock weathering and the relatively thin soil mantle
that is likely to "spill over" the sandstone. The latter design
was recommended for extensive areas.

In Figure 3, & slight variation in the benching of bedrock is
shown (Sta. 407+50). Note that where an electric tower was founded
on bedrock no special consideration was required. For Sta. 378+00,
extensive benching in soil was recommended to prevent future slides
onto the roadway. Stability analyses were used to estimate the
height between the benches, and the width of the benches. This
area was near a section where a grade change was recommended so
the heavy excavation does not represent waste material. The soil
in the slide was adequate for embankment, according to laboratory
tests.

Figure 4 shows an interesting type of solution that was applied.
In the lower left corner, a three-sided "box" is indicated around
certain towers where undermining was feared from one side or from
beneath. The tower near Sta. 380+00 (See Figure 1) is in a good
pPosition to be undermined by the spread of the slide. The lines
of piling that formed the "box" were to be drilled into the bedrock,
and if slides did develop, the tower would be left on an "island".
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Where thess solutlons were suggested, the soil was shallow (less
than ten feet) znd steep rock with a shallow soil mantle lay up the
siope from the tower.

In the upper part of Figure 4, anchored piling”is also recom-
neuded to isclate a critical pipe line area. Across this section,
an embankment was called for., However, back of Sta. 408 and ahead
of Sta, 412 excavation was necessary, It is believed that the
line of pil 1ng will provide a shear plane, across which the move-
ment will not spread. The exposed bedrock assured that the slide
would not completely envelope the piling installation and sever
the pipelines.

Pe1hepa the most expensive installation that would be

atened by the highway construction is shown in Figure 5. As

an be seen in Figure 1, a slide exists on both sides of this large
leetric power 1nqtallat10no Barlier plans had called for a crib-
all a3z indicated in Figure 5, However, drilling showed that the
towers were not founded on bedrock. Furthermore, probabilities
seemed rewote that acrib-wall would be able to withstand a movement
as extensive as would be the combined unstable areas to the east
and wesi (Sze Pigure 1). No solution that was reascnably safe,
was congidered less costly than moving the towers, and such a
rmcommenda,Lun was made,

3
“'P‘T‘;D

In addition to these types of recommendations, the existing
condition of the utilities with reference to potential slide
damzge was discussed, Numerous towers were in imminent danger of
collapse. Others would be stable, regardless of the State Road
Commission's activities. Finally, some would be endangered
through the construction of the roadway. It was believed that the
classification would assist in the legal aspects of the problems.

SUMMARY

An increasingly larger number of highway landslide problems
are developing due to the expanding highway and airport programs.
The improvements in earth moving equipment have resulted in more
and more large-scale excavations and embankments and this factor
1as also added to the quantity of slope stability problems,

The most satisfactory approach to the selection of a treat-
ment of a landsliide will invelve the application of both geologic
and engineering principles. Furthermore, one can not safely
iencre either of the sciences in any stage of the investigation.

A need axists for the translation of pure geologic data and
terminology into gquantitative results that can be related to the
influence on resisting and motivating forces.

The example cited does not represent a model or ideal approach.
Interrelating the principles of geology and engineering did produce
a petter understanding of the existing conditions, and more confi-
dence can be placed in the recomx'n‘endationso
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APPLICATION OF PETROGRAPHIC PROCEDURES TO HIGHWAY ENGINEERING
by

Bryant Mather¥

The fact that this is the seventh symposium on geology as
applied to highway engineering should signify that there is no
longer a need to advocate as new the use of geological knowledge
and techniques in highway engineering. As Dr. Singewaldo**
remarked last year: '"Geology has become a more and more indis-
pensable adjunct to highway engineering. The highway engineer had
been inclined to disregard geology and the geologist because the
engineer's was a quantitative art, whereas geology was only a
qualitative science in which the conclusions were only qualitative,
and hence not of the exactness demanded by the engineer. Failures
in highway construction little by little aroused the highway engi-
neer to the fact that the results of his exact engineering calcula-
tions had no more validity than the assumptions on which they were
based, and that those assumptions were inextricably involved in
the geology of the terrain. At the same time, an outstanding
advance in geology has been to become more and more quantitative.
Thus as the needs of the highway engineer for geology were increas-
ing, the geologist was making geology more and more useful to him."

The segment of the field of geology about which I am to
speak - petrography - has for over a century been one of the most
quantitative branches of geology and hence rather more readily
adaptable to the service of engineering. The problems of making
Petrographic knowledge and procedures available to the service of
engineering lie primarily in the field of communication. Katharine
Matherk in a paper that has become available only within the last
two weeks, has written: A petrographic examination...ordinarily
begins and ends with a problem of communication between the person
who requests the examination (usually an engineer) and the person
who makes it (usually a petrographer). Unless the two succeed in
producing a clear, mutually understood statement of the problem,
they cannot expect a clear, useful answer economically obtained.
The engineer who asks for an examination of a particular (sample)
suspects that the (sample) is unusual; the more clearly he defines
the peculiarity, the more he directs the petrographer toward the
important aspects. The engineer is not familiar with petrographic
techniques and approach; the petrographer does not realize the
engineer's responsibility for decision and action, does not find
out all the engineer could tell him about the sample, and may not
realize which petrographic findings are useful and relevant. The

*¥ Civil Engineer (Concrete Research), Chief, Special Investigations
Branch, Concrete Division, Waterways Experiment Station, Corps of
Engineers, U, S. Army, Jackson, Miss.

*%¥ Raised numbers refer to similarly numbered items in the list of
references,
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petrographer should not expect petrographic results to be taken on
faith unless the rationality of the techniques producing them are
demonstrated. Both should remember that the essentials of
petrographic examination...are practiced any time anyone looks
intelligently at (rocks, concrete, or similar materials) either in
a (large mass) or as a specimen and tries to relate what he can see
to the past or future performance of the (material). On this basis
it i1s clear that many of the most useful petrographic examinations
are made by inspectors, engineers, chemists, physicists - anyone
concerned with the production and use of (the material).”

The introduction to ASTM STP 169 begins with the statement:
"The usefulness of a material in serving a given rurpose is dependent
upon its properties, or conversely the properties of a material
determine the purposes it can usefully serve." The authors of the
introduction comment that this is "axiomatic and requires only passing
attention by those dealing with materials." This may well be true,
but a careful consideration of some of its implications should clarify
our understanding of the proper application of petrographic procedures
to highway engineering.

No rock or minersl ever performed well or poorly in highway use
simply because it belonged to a type or a species that had a particular
scientific name such as "granite"” or "kaolin." The good or poor
performance results from the collection of properties possessed by the
rock or minerals. Only a little reflection is required to remind us
that in most cases the diagnostic properties that are employed to
determine if a given rock shall be called by one name rather than
another will not suffice as a basis of categories of quality for
engineering use. This fact, long recognized »y some petrographers
in certain fields, has often been overlooked by engineers. A typical
communiceations problem arises when the highway engineer hears a petrog-
rapher speaking favorably of an aggregate containing high percentages
of shale and unfavorably of another containing high percentages of
granite. The engineer feels that, if he understands anything about
types of rock, it is that granite is better than shale! Of course,
stated that way, the statement is not only correct but also valuable -
as a statement of an average statistical situation. Since, however,
the categories "shale" and "granite" are based on criteria that do not
include properties of engineering importance, it follows that individ-
ual examples of shale may possess quite satisfactory properties for
many engineering purposes for which individual examples of granite would
be quite unsatisfactory. This principle has been summed up< as follows:
"The description and classification of materials present in samples...
will logically include identification of the rocks in the sample,
Identification is usually a necessary step towards recognition of the
properties which may be expected to influence the behavior of materials
in their intended use. It is not an end in itself. Rock of any type
may perform well or poorly...depending...." A similar comment has been
included in the ASTM Standard Recommended Practice for Petrographic
Examination of Aggregates for Concrete (Designation: C 295).

To apply petrographic procedures to highway engineering you
must first catch a petrographer. I have suggestedl that the place to
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Look for petrographers to work orn the materials with which highway
srginesring 15 concerned is among the products of those "ecolleges
and universities with good geclogy departments, loceted in those
parts of the United States underlsain by crystalline rocks." This
appreach iz, I believe, the ons that has most often been used.
Other approaches used less often and less successfully have
involved atiempts to convert an "enginesring geclogist-foundation
geologist® to & full or part-time petrographer; to add petrography
to the duties of a chemist or a materials engineer esither with or

without a short courae.

Heving caight & petrographer - the engineering organizstiosn
that has him must then teach him tc understand them and learn to
undersvand him. Then we get to work. One phase of petrography as
1ique 18 the use of the light microscope; one asnect of
enginearing to which petrography may be applied is portland-

e R

neint conerete, The zone of interaction of these two facets has

¢su thoroughly reviewed by Katharine Mather in her prize-winning
paper, "Appiications of Light Microscopy in Concrete Research,"3
In this. field we mey differentiate between exan inations of

sements, aggregates, and concrete. As early as 1882, De Chatelier
began pstrographic studies of portland cement clinker end thus made
tha {irst contribution to our knowledge of the constitution of
cement.  In 1927 the X-ray diffraction techniques were first applied
o cement, In 1934 the metallographlic etching techniques were first
employed Dy Tevascl. The first record of a petrographic description
an saification of concrete aggregate material of which we know
isg 1915 by C. W. Tomlinson =~ although as far back as 1905
Lo reported studies of the relation of Deval abrasion test
e

RO
sulis and properiies of rocks. With Stanton's discovery in 1940
3

there was a large expansion of petrographic work in

s this seemed to be one case where minersls or rocks

ted petrographically - by name - and classified

: cod or bad. It i3 probably true that one can coms
closer to doing so here than in mest other engineering problems,

but those who attempt to do so indiscriminately find that there are
unforeseen problems. While most of us have believed that delets-
ricus salkali-aggregate reactions can only occur when rocks or min-
erals composed of or containing certain types of silica are present
in the aggregate, we now know that the mere pressesnce of such materals
provides nc guarantee that trouble will follow nor that their apparent
absence will insure freedom from trouble.

As hes been mentioned, petrographic procedures are employed
whenevser snyone looks intelligently at construction materials wi th
ths purpose of deriving information to interpret past history end
tc predict future service. In the narrow meaning of the term,
petrographic procedures, especlally as epplied to concrete and
concrete materials, refer to the use in the lasboratory of equipment
crigingl 1y developed for the exasination of rocks and minerals such
ag ‘the polarizing microscope, microscope lamp, immersion medla, and
X-ray diffraction apparatus. The latter may use elther a camera for
film techniques or a Geiger counter plck-up and strip chart recorder
for direct measuring techniques. 1In petrographic work in a concrete

<« M N

|
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sry X-rsay diffraction is used for identifying not only minerals
but aiso such other substances as organic compounda in admixtures for
h gl

As was mentioned;, petrography originally, and to a large extent
%111, Invelves the stury of rocks. One kind of rock of particular
interest in concrete construction is chert., It may possess undesirsble
propertiss, sither physical or chemical or both, or it may be free of
such properties and be an entirsiy acceptable materidl as concrete
aggregate, Petrogrehis procedures are well illustrated by a consider-
ation of how théy may be used to study chert. One typical mode of
occurrsnce of chert is as beds or nodules in limestone quarry rock.
Chert may have a layered structure ss in "agate™., Being a very
resistsnt matsrial, 1t survives erosion and transpcertation and forms
gravel particles in streams dreining areas underlain by limestone.
Theze zhari gravel particles may be either dense or porous. Many
rough surfaced particles are porcus, while many smooth perticles are
dense e chert Iz focrmed as a replacement of colitic limestone, in

28,  Som
which cass the chert may faithfully preserve the oolitic structure of
the rock. FKxamples of such chert are found in gravels near Memphis,
Tennesgsee, I% sometimes is desirabis. or éven necessary, Lo observe
the manner of distribution of chers with regard to particle size in
natursl zggregsates. Such data will prevent wrong interpretations

-
bt

based on comparizcns of samples of different gradings.

&

was made of a conecrete structure in which 2o proxXimately .

the gravel coarse aggregate was chert. Cores were taken,

and ths surfaces examined. The concrete con tained cracks,
rassed- through chert pebbles. At various points in the

thiers were pockebs of gel, the product cof alkali-aggregate re- ”
ixty-eight chert particles were picked out as being associated
¢i peckets, Forty-eight of these perticies when examined 1in
irmmersion media were found s contain chalcedony send for forty of these
partizlies the index of refracticsn of chalcedony was determined. The
eriterion for distinguishing chalcedony from quartz is an index of
refraction below 1.54L. The average index of these specimens was 1,536,
the minimum IOSEMO On this tasis, it was calculated that the opal con-
tent of the chslcedony ranged betwesn about b and 18 per cent in the
chalcedony and between 1 and 5 per cent in the aggregate,

Petrographniec exemination is, of course, made on rocks of 21l
sypas for physical propsrtles as well as to detect the presence of con-
stituents of interest chemical 7o A study wes mads of grsnite from two
auarrias in North Carolina. One s owed no microfractures, the other
' & wags Irom a quarry located only a few miles away where the rock

sanpis w
iv shatvered with microfracturss. This difference was found to be
related te very great differences in performance.
13
Fetrographic procedures have alisc been applied with great benefit
tc the othier materisl s used in concrste such as portland cement clinker,
cement paste in concrebe to observe unhydrated cement particles, and

mwaterials thnt mey be considersd sgs replacements for cement, such as fliy
she HRven the bubblies of air produced in & sand-water mixtw e by an air-
ntraining agent may be studied with a micrcscope, Finally, concrete
tsell mey be studied, both when %t is freshly hardened and when it is
old. Ezxamination under a micrescope will show the telltals marks formed
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by ice crystals in concrete that had frozen before initial set, if
they are present. Thin sections of concrete are examined to
observe the structure and texture of the aggregate and the matrix
Cores drilled from concrete pavements may show voids beneath gravel
particles due to segregation of bleed water. Concrete subjected to
weathering - wetting and drying - frequently can be maée to reveal
much of its history, if the substances deposited in voids are
identified. Such voids may be lined with crystals of calcium
sulfoaluminate, crystals of the mineral aragonite, and other sub-
stances.

One often hears of engineery who claim to be unable to under-
- stand either the results of the Procedures of petrographic examina-
tion. Actually, I think that there are certain advantages to
bpresuming an understanding even if in fact it does not exist. On
the other hand, neither the engineer nor the petrographer should
expect that the application of petrographic techniques will solve
all problemns.
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INVESTIGATION OF BRIDGE FOUNDATIONS

By

Martin Deutsrman

The bridge engineeris primary use of geology 13 to obtein
sub=-terrancan date with which to design foundatisns for bridges,
approzach fillls, and inelidental hizhway structures., The data are
ugad to determine the most deairable structure location and to
determine the most sultable types of substruchure., The foundation
mi3t be adequats te support the structure without excessive
asttlemsnt, Included in the dats must be the types of underlying
matarisl 53 well as the characterlastics of the material from which
may be predicted the probability of local settlament under loads,
31ides, scour, filling, and fsulta, In earthquske areas, data on
itrne freguoncy and intensity of disturbances are also esgsential,

In zune reglona, velcanie or glaeial acticn are important facters.

The evaluatien cf the data for foundation design is the
rezpensltility of the bridge engineer. In most cases, his educa-
ticn end experience are adequste Lo permit performance of this
gvaluetion without agsistance., On large structures and for
quedtionevls subaurfsce conditions, the recommendstions of the

ge 11 mechanics specialiast are reguired,

plogist ernd the so

The svailable information pertsiuing to t ke surface and
gubguriace material zhould be collected and gtudied in the plan-
ning stame, A papesr presented at the Sizth Annual Synposium on
Geelogy a2z aprlied to Highway Engineering on Sources of Informa-
tion on Ground Conditione, by Alice S. Allen, discusses the many
avallable sources of such information. A geologist may be con=
sultsd %o asslat in interpreting the collected material, A stuly
of the collected data is then made to select a tentative type of
stracture sultsble to the estimated conditions, The typs of
structure may heve to be changed if a later determination of the
foundstion so indicates. A structure lsyout is then made to
determine the lccation, type, and depth of foundation explorations,

After the necessary foundation explorations are made and
plottsd, analysls of the data is made to determine the type of
structure and the method of foundation support, The assistance
of & geelogist will often be necessary to correlate the data
of adjacent borings and te estimate the preloading of various
gtrats, The soils mechanics specialist will alse ber equired to
estimate the safe load and settlement where questionable materisl
1s encountered,

The use of geelogy in bridge engineering will be illus-
trated by the description of preliminary work recently performed
for the Jones Point Bridge over the Potomac River between Virginia
anG Meryland at Alexandris, Virginia. The structure is to be
part of the outer circumferential route arcund Washington, D. Co.,
and a link in the by-pass for north and south traffic on U. S.
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Route 1 around Washington. The authorization by Congress provides
$lh,925,000 for a bridge with a six-lane roadway, a swing span with
150~fcot horizontal clearance and, in the closed position a TO-foot :
vertical clearance. Construction plans will not be started pending
a decision by Congress on a redquest to change the law to permit the B
use of a double leaf bascule span and a 40O-foot vertical clearance.

The location of the beginning and end of the structure is
fixed within narrow limits. On the Virginia end, the approach must
be along South Street, with a new apartment development on the south
and an old cemetary on the north. For economic reasons, the Maryland
end is located on Rosalie Island, a small island near the Maryland
shore. ’

The 7,500 feet of construction on the Washington circumferential
highway will consist of 5,900 feet of bridge, 500 feet of fill over
Rosalie Island, and 1,100 fecet of fill over the channel between
Rosalie Island and the Maryland shore. The bridge will cross 1, 900
feet of river flats from the abutment to the Virginia river bank,
1,000 feet of channel, 2,000 feet of the shallow center portion of
the river, and 1,000 feet of deeper water next to Rosalie Island.

The bridge roadway section on the circumferential highway will consist
of two 38-foot roadways, a h-foot median and two 3-foot sidewalks.

The access ramps to Alexandria will require about 1,300 feet of bridge,
and 500 feet of fill. Bridge roadway on the ramps will be 20 feet
with a 3-foot sidewalk and a 2-foot safety curb.

The bridge is located in the tidewater section of the river.
The straight channel extends from north to south.

Physical data from the following sources were assembled prior to
the preliminary study:

Configuration of the Bed Rock Surface of the District
of Columbia and vicinity, Department of Interior,
Geological Survey Professional Paper 217.

Chart of the Potomac River, Mattawomas Creek to
Georgetown, 560, U. S. Department of Commerce, Coast
and Geodetic Survey.

Photecstat of Section of Hydrograpnic Survey H-2688,
date of Survey 1904, U. S. Department of Commerce,
Coast and Geodetic Survey.

Airport Obstructional Plan and Profile,

Washington National Airport, OPLL3, U. S. Department
of Commerce, Coast and Geodetic Survey.

Topographic Map, Maryland-Virginia, Potomac River,
Alexandria and Vicinity, T-5756, U. S. Department of
Commerce, Coast and Geodetic Survey.

Topographic Map, Washington and Vieinity, U. S.
Department of Interior, Geological Survey.

Borings, Potomac River, Alexandria, Virginia, to
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Marbury Point, D. C., File No. B61-85, October 1k,
1941, U. S. Engineer's Office, Washington, D. C.
The line of these borings crosses the river about
1 1/2 miles above the proposed bridge site.
Foundations of Hunting Tower Apartments, data obtained
from consultation with the Building Department of
Alexandria, Virginia.

The physical data were assembled and analyzed in order to
estimate the underground conditions and materials that could be
expected at the bridge site. A determination of the suitable types
of substructure supports were determined. The method of carrying
out the analysis is outlined below.

A preliminary profile was plotted using Geologiecal Survey
topographic maps for the land sections and Coast and Geodetic
Survey charts for the hydraulic sections.

Washington National Airport is about 3 1/2 miles upstream
on the west bank. The Airport Obstruction Plan and Profile indi-
cated that the bridge would be in the line of the main flight
strip but well below the plane of the minimum glide slope.

The 1904 hydrographic suivey showed the Maryland mainland
bank extending upstream and downstream along the line of the river
bank of Rosalie Island. Investigation developed that a sand and
gravel company had purchased the land and in dredging for sand and
gravel had formed the bay in the mouth of which Rosalie Island is
situated.

Inquiry was made to the Building Department of the City of
Alexandria about the foundations of the new apartment development
near the Virginia abutment. The information furnished by the
Alexandria Building Department indicated that displacement piles
not longer than 40 feet would support the desired load for the
abutment and approach retaining walls and that the soil would
support the approach fill.

The 1,900 feet between the abutment and a concrete sea
wall at the Virginia bank is firm material across a World War 1
shipyard at an elevation of about plus 6 feet. The 1904 survey
indicated that the major portion of this area was a shallow bay
of the river only about one foot deep at low tide. It was assumed
that this area was filled in when the shipyard was built. The
Marbury Point borings, as well as experience with other structures
along the Potomac shores, indicated that sand and gravel strata
would be located near the surface. It was estimated that dis-
placement piles about LO feet long would be satisfactory, to
support piers for short spans in this location.

The center line of the ship channel and 1,000-foot natural
channel is on the Virginia side of the river about 500 feet from
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the bank. The average depth is about twenty-five feet. The
2,200-foot center portion of the river is about five feet deep.

The 1,000 feet adjacent to Rosalie Island is about 15 feet deep.
Reference to Geological Survey Professional Paper 217 showed that
bedrock is elevation -500 on the Virginia end and -625 on the
Maryland end. The bedrock is principally granite, granite gneiss,
schist, and diorite. Sand and gravel has been dredged from various
portions of the river bed to depths up to sixty feet by commercial
companies. No reliable estimate could be made of the character of
the material down to -60. The Marbury Point soundings indicated for
the channel section river mud to about elevation -80, fine sand with
some clay mixtures, varying from hard to soft, between -80 and -120,
below -120 the material was hard clay with some lenses of sand and
clay. This hard clay was identified from Geological Survey Paper 217
as part of a sedimentary formation of the lower cretaceous age
belonging to the Potomac group. These sediments extend down to
bedrock. It was decided that caissons or large size steel pipe piles
could probably be stopped at elevation -135 for the substructures of
the movable spans and the long river spans. From the channel to the
Maryland bank the soundings indicated the bottom of the river mud
sloped up from -80 to -20, the top of the hard clay sloped from -120
to -30 and between the mud and hard clay was sand with some
intervening strata of unconsolidated mixtures of sand and clay, and
sand and a little gravel. It was decided that concrete displacement
piles, with some large size pipe piles near the channel, could
probably be used for the foundations ot the shorter spans over the
shallow water from the channel to Rosalie Island.

The trees and old stone sea wall on Rosalie Island made it
apparent that the island was an undisturbed portion of the o0ld
mainland. The Corps of Engineers borings indicated that sand and
gravel could be expected down to -30, with hard clay from there on
down to at least -110. This would be suitable for the Maryland
abutment if supported on displacement piles, and on which to place
a fill across the island. -

The 1,100-foot dredge section between Rosalie Island and the
Maryland mainland had probably been dredged for sand and gravel. The
distance below the present bed to which dredging had been done was
not known except that it was not in excess of 60 feet. Comparative
estimates indicated that a hydraulic fill would probably be more
economical than a bridge.

The available data and experience with the Potomac shore led to
the assumption that the area of the Maryland mainland adjacent to
the bank would be satisfactory to support the approach fill.

Let us summarize the foundation conditions as assumed from the
available data. The Virginia abutments and a few adjacent spans would
be founded on sand and gravel satisfactory for displacement piles.

The spans in the flats from the first few spans to the river bank
would be founded on unconsolidated sand and gravel, covered in



places with fill material, satisfactory for displacement piles.

The channel section would be mud over unconsolidated sand on

hard clay with the clay being suitable to support caissons or

large size steel pipe piles at -135. The shallow river section
would be the same as the channel section with the hard clay

closer to the surface and the unconsolidated sand strata being
mixed with varying amounts of gravel, Displacement piles could

be used for about half of this section with large size pipe piles
probably needed adjacent to the channel. Rosalie Island would be
undisturbed material with sand and gravel near the surface suitable
for displacement piles for the abutment and for support of the fill.
The material under the dredged channel between Rosalie Island and
the Maryland mainland was questionable due to the fact that it was
not known how deep sand and gravel had been removed. It was assumed
a fill could be supported by this material. The Maryland mainland
would be sand and gravel under a thin layer of swamp mud, suitable
for supporting the approach Till.

The most economical span lengths were computed from the assumed
data and a preliminary design, layout, and estimate made. A deck
structure was selected with plate girders for long spans and I-beams
for short spans. The span lengths were selected to decrease
gradually toward each end from the 200-foot span of the bascule
until the economical short span lengths were obtained. The minimum
span length was set at 60 feet for esthetic reasons.

Location and depth of proposed borings were determined from the
pier locations and from assumed foundation material. Undisturbed
samples were called for in order that deformations and bearings
values of plastic material could be estimated. A layout of the
boring holes is included in the appendix.

Since the borings were to be done under contract, invitations
for bids, specifications, and special provisions were prepared.
Every effort was made to fully describe the scope of the work,
including the information to be secured and the purpose of the
borings. The extent of the work was made flexible by allowing for
increase or decrease of 30 percent in depth and number of holes or
number and location of undisturbed samples.

The equipment, and drilling and sampling devices to be furnished
were specified in such a way as to allow a choice but to insure
satisfactory results. Split-spoon samplers 2 1/2 inches and 3 inches
outside diameter, 2k inches long, were specified. The procedure
required was such as to insure accurate data for both undisturbed and
disturbed samples. Sampling was required at a 5-foot intervals of
depth and at all changes in strata. The number of blows of a 300 ~-pound
hammer falling 18 inches required to drive the sampler 12 inches was to be
recorded. In addition, undisturbed samples with a 3-inch outside and
2 7/8-inch inside diameter, 24 inches long Shelby tube sampler or equal
were to be obtained at specified elevations. The sampler was to be pushed
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inte the 5¢ll by a continuous or rapid motion without impact or
£ oy

twinting, -
A aupy of the specifications used on this project is in- -
a2luded ip the appendix, -

Bida were the centrast awarded to the low bidder, and
supsrvigion and inspsetisn furnisaau by Division 15 of the Bureau
of Pablle Reads., Fre field inspections were made by members
i the nﬂihg@ Branch of the Buresu te get first hand informstion
ag to the cenditiens encountered,

Q0 @
®
s
6:

The contracter meved Iin on the job in July with supplies ’
and =qulioment te operate three drilling rigs at one time, '

sead Largss supported on oil drums were bulld for
t&r heles, A 35=drum barge was constructed for the

er holea and the heles bstween Resalie Island and the ,
Marylend zhere, while a 2&-drum Usrgs was constructed for use in -
the shannel, A hpnle abeut 2 feet sgquare, through which te drill,

was jefld he canter of each vargs, A mast was mounted frem

ay 1fegnts and signals in aceordance with Coast

Lenz, The extrsme healt down in the river flats gslowed
°vrvctien eperations 2emewhat,
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oarg uipped with a drilling rig, pilston water
oump, # large wall-supplled tocl bhex, and an adequste supply of
] rips
a
5

I

F

Gelinet and d=in r ¢, drill pipe, samplers, and cere drills.
When the crew was on board, ths 35-drum barge waz lcaded te abput
cepacity a3 to Loith space and welght,

™wa lecatien of land holes was staked out by a survey crew.
The harzea wore loaded over the water heles by range poles fer -
lioe, anJ by transit sight frem a point on the base line for dis- -
tance, The transit point wasg 835 faet from the center of the bridge.

Tand riga were moved wlth steel cables from thelr drums
#tened te varisus itypes of improvised anchers, The barges were
vead with un sutbosrd meter equippsd m=tal rew boat. An ancher
gten2d te each corner permitted accurate spotting and held the
rEes curely in place,

The menner of drilling and driving casing depended upen the
character sf the material teing penetrated. Water was pumped
under prassure inte the drill pipe during drilling and, in most
cases, inte the casing pipe during drviving,

Split spoen samples were taken at S5-feot intervals and at
cirange ef character of materiasl, Undisturbed samples were taken
with Shelby =poons at lecatiens designsted sn the plans 1f these
lscatliens were in plastic material. It was found that the Shelby
speodAs ceuld net be pressed inte seme of the hard clay, even with



the drilling riz held down to the barge with chains. Several
methadg ware tried to remedy this situatien., The final selutien
wase to 2llew the Shelby tubes to be driven when they could net be
presased,

Scme difficulty wad encguntered with fine gand running eou
5t the trap. At some holes, the fine sand would run back between
e gaging and the gpilt sampler ag fast ag clzaned gout., This
1u would trensfer the force of the hammer blews te the casing,
ing the casing dewn and resulting in inaccurate data., No
'Qﬁﬁd wed made ol the number of blows In thess cases,
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arge gravel and small cobbles made driving and sampling
difiicwlt, In meny cazez, it was necessary te drill in the
2terlial with 2 dlamend drill befere the casing could be driven,

casaing pipe wag driven te selid material sutside
23ing cn the aeep water holes, This supported uh

ng through the water and river mud and facilits
remeving the 4-inch casing. The hard clay was suable

*tand without casing so that the 4-inch cagsing needed
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te he driven only sbout 15 feet inte the clay. One difficulty in

the nard clzy was the brezking up eof ithe hard cerss that fell ecut

of tihe drill if theszse were net breken up in cleaning out the heles,
suldty g 1

o
&3 and number of hammer blows would have resulted,

fficulties are recorded abeve; however, 1t is neted
at ef the drililing, the speratloens p“ ceeded smeothly
In the uvsual mannzr, The varges wers remsvad fram the river itwice
I's]

2
while hurricanss pagsed up the coaste.

j!&

While wmaking the boring, it was found that the abutments

o thae gn and ofl ramos te A ﬂxanera were in a swamp of river
rud, Ag this malterisgl appedrea unsuitable te support a high fill,
additienal tov*ngs weare ordereld along the lines of the ramps in
prisr Lo provicde data fer dezsign of the feundatiens Tor the fills
cr extensions sf the bridge ramps.

The wanples werm 3tored and the testing performed at the
laboratery of <he Physical Research Branch of the Bureau ef
Public Reads., Members of the Physical Research Branch were con-
aulted in the zfalnlng of the Yorings and sample tests and in the
solution uf field sampling problems.

Trie followling tests were made on the undisturbed sampless
mechanical anal:siyg 1iguid 1imit, plasticity index, soil classli-
Pigetien, 4direct shear, Initial wet dengity, initial dry density,
inltlal meisture, triesxial cempressien, and consolidatien.
Consclidation tests were omitted for some of the samples at loca-
tieng where zetvlement of the structure weuld net be effected,

Loga of the test borirgs were furni'shed by the contractor
and ¢ pvilotted by Divisien 185, Prints of these plotted logs are

N

'
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included in the appendix.

The test borings indicate that the subsurface materials
conform in general with conditions assumed in the preliminary
planning. The results of the tests have not been analyzed but
an examination of the test data strongly indicates the foundation
methods discussed below.

The lowest sampled material, which underlies the entire
area, is hard, plastic, brown and gray clay. This clay will be
used to support large size steel pipe piling under the channel
piers and a few of the short spans in the river in the Maryland
side of the channel. Steel pipe piles will be driven about 15
feet into the clay to support a design load of 80 or 100 tons.
The sedimentary material over the clay in this portion of the
structure is not considered satisfactory to support displacement
piles.

The material over the hard clay is mostly unconsolidated
fine sand, both brown and gray, laid down in Recent time. This
sand is not in continuous strata and is usually mixed in various
combinations with other sedimentary materials. These materials
range from clay to large stones. The borings indicated good
bearing values in this material except near the channel. Dis-
placement piles in this sandy material will be used to support
all of the structure except the section at the channel and,
possibly, a few piers on the Virginia flats under which piles
may be omitted.

Dark gray, silty clay, best described as river mud, covers
the sandy material in all but a few locations. The river mud may
be at the surface or covered with water or fill., The sampler
usually sank under the weight of the hammer in the mud, indicating
very little supporting value. ©Special attention was given to the
sampling at the elevations of the bottoms of the seals to determine
if the mud would support the concrete seals. The material has such
low bearing values that it is proposed to excavate two or three feet
below the elevations of the bottoms of the seals and backfill with
gravel. It may then be necessary to pour subseals before the main
seals can be supported.

Analysis of the test results will be made by the designing
engineers in cooperation with the Physical Research Branch and
the results will be checked by the Physical Research Branch,

During construction, load and settlement tests will be
made on single piles in each channel pier and in enough of the
other piers to evaluate safe pile loads from driving resistance.

The geological investigation and use of the results in
bridge design may be summarized as follows: Collect all data
available on geological conditions; analyze this data with such
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geelogical and sell mechanics assistance available and necessary;

make &z preliminary désign; lecate test heles and determine type :
snd extent of expleratisns necesssry; perferm foundatien T
expleratien, making such changes in the field as are deemed "
necessary as the werk pregresses; perferm necessary tests en )
g»il samples; analyze teat results with such geelsegical and

s#il mechanics assistance as i3 necessary; check preliminary

design fer revisiens in type snd span required; cemplete final

design,
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Appendix A 28

Standard Form 36 Contract,Order, or

Prescribed by CONTINUATION SHEET Invitation No. Page

General Service (Supply Contract) (As applicable) No.

80-M,No.1949 Edition Invitation No. D-15 3
Quantity

Item No. Supplies or Services (No. of. Tnit Unit Price Amount
Units )

1. Foundation borings on land (in-

cluding dry samples) from nat-

ural ground surface to a depth

not exceeding 100 ft. below Lin.

ground surface. 1,040 Foot $ 3.45 $ 3,588.00

Foundation borings on land(in-

cluding dry samples) from a depth

of 100 ft. below natural ground

surface to a depth not exceed- Lin.
ing 200 ft. below ground surface. 20 Foot $ 5.00 $ 100.00

Foundation borings through water

(including dry samples) from sur-

face of water to a depth not ex-

ceeding 100 ft. below surface of Lin.

water. 1,940 Foot $ k.65 $ 9,021.00

Foundation borings through water

(including dry samples) from a

depth of 100 ft. below surface of

water to & depth not exceeding 200 Lin.

ft. below surface of water. 790 Foot $ 5.95 $ 4,700.50

Securing undisturbed samples at a
depth not exceeding 100 ft. below
surface of ground or surface of
water. 128 Each $12.50 $ 1,600.00 -

Securing undisturbed samples at a

depth greater than 100 ft. below

surface of ground or surface of ,

water. ' 79 Each $15.00 $ 1.185.00

Items 1 through 6 will be
awarded s a Whole....eooeeeerooonas C e Total $20,194.50

Bidders desiring to inspect borings site should contact the office of

Mr.

E. L. Tarwater, Supervising Highway Engineer, Bureau of Public Roads,

1554 Columbia Pike, Arlington, Virginia. Telephone: Jackson 8-5600.

The work under this contract shall conform to the attached Specifications,
Special Provisions, and Drawing G-8-55 (May 1955).

The word "engineer" as used in the Specifications refers to the Division
Engineer of the Bureau of Public Roads.
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Invitation D-1l5
May 24, 1955 =

SPECIFICATIONS

Scope of Work

It is the intent of the test borings to secure complete and
accurate information of the topsoil and foundation conditions at
the locations indicated on the plans or as directed by the Engi-
neer. Reliable information shall be secured and fully recorded
of ground water elevations, classification of soils penetrated,
the elevation of changes in stratifications along with samples of
the strata penetrated. Undisturbed samples of cohesive and clay-
like materials shall be secured at designated locations. All
samples shall be delivered to the Bureau of Public Roads Testing
Laboratory at Gravelly Point, Arlington, Virginia.

It is the purpose of the borings to determine character,
thickness, resistance to penetration, and firmness of the various
materials and strata encountered through proper drilling operations
and sampling of materials by the use of the type of tools and
equipment specified.

It is expected that materials of many varying types may be
encountered, such as topsoils, fills, refuse, debris, and other
miscellaneous material. Drilling into rock or other material
requiring a core drill will not be required. -

Whenever any feature of the work is not fully covered in
the special provisions, it shall be understood that the same will
be interpreted in accordance with the best current practice in
this kind of work.

The analysis of all samples taken will be made by the Bureau
of Public Roads Soils Laboratory and is not a part of this contract.

Location

The locations of the borings and the undisturbed samples
shall be as shown on drawing G-8-55. Location of the center line
of the structure and reference stations will be furnished by the
Engineer.

Permits and Licenses

The contractor shall secure all necessary permits for the
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occupancy of the Potomac River from the District Engineer, Washington :
District, Corps of Engineers, U, S. Army. He shall secure the necessary -
permits from such other public agencies as may have jurisdiction for the —
occupancy of streets and other public properties. He shall also obtain -
permission for work to be done on private property. All permits and

licenses shall be secured at the contractor's expense. The contractor

shall comply with all local ordinances covering the areas in which the

work is performed.

Maintainance of Navigation

The contractor shall keep free and unobstructed the navigable
channel or channels prescribed by the Army Department. He shall provide
and maintain navigation lights, fog and other signals in accordance with the
regulations prescribed by the District Engineer.

Work in the river shall be carried on in conformance with the terms
of the permit of the U, S. Army District Engineer and the contractor shall
keep the District Engineer's office fully informed with respect to location
and intended changes of location of his equipment so that river navigation
may be fully informed regarding locat ion of floating equipment.

Should the contractor during the course of the work sink or lose
overboard any material, plant, or machinery which may be dangerous to
navigation, he shall forthwith recover or remove such obstruction. The
contractor shall leave the site in condition satisfactory to the U, S.
Army District Engineer.

Protection and Restoration of Property

The contractor shall take every precaution to avoid damages to -
utilities, including underground utilities, and private property, and
shall repair any damage at his own expense and to the satisfaction of
the Engineer.

Equipment and Schedule of Operations

Immediately upon award of the contract, the contractor shall submit
to the Engineer for approval a schedule of operations and list of equipment

he proposes to use. The contractor shall furnish equipment satisfactory to
the Engineer and it shall be of sufficient capacity to accomplish the work
contemplated in this contract well within the time limit specified. The

specifications covering the detailed execution of the work contemplate the
use of modern equipment and tools especially designed for efficiency in
carrying out subsoil investigations with samples taken as described later in
these specifications.

The minimum size of casing used shall be adequate for secur-
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ing undisturbed samples of the size specified.

The boring operation shall start on the west (Alexandria)
side. The dry borings at this point shall preferably be completed
ahead of the other borings. The contractor shall notify the Engi-
neer and other interested parties of his intention to start opera-
tions at least 24 hours in advance.

It is known that many types of noncohesive soils exist and
can be samples only by the use of special trap devices. The con-
tractor should, therefore, have a complete selection of the varieties
of soll samplers which may be required to secure satisfactory
specimens of any type of soil which may be encountered.

Inspection

The work is to be directed under the general supervision of
the Engineer and shall be subject to inspection by his authorized
representative. ©No drilling shall be done except in the presence
of the Engineer or his inspector. The contractor shall provide
access to the work for the inspector at all times during operations
in the river, and shall have available a power boat for the trans-
portation of inspectors between the drilling barge and shore. The
presence of the Engineer or his authorized representatives shall
not relieve the contractor of any responsibility for the proper
execution of the work.

Dry Samples

Dry samples shall be taken with a split-spoon sampler, minimum
inside diameter of 2 1/2 inches and 3 inches outside diameter of a
minimum length of 24 inches, for the purpose of obtaining representa-
tive samples of soils (dry samples) for identification purposes,
and to obtain a penetration record of the samples into undisturbed
material.

The test hole shall be cleaned out to the sampling elevation
by augering, washing, or other methods insuring that the material
to be sampled is not disturbed by the cleanout operation. Sampling
shall be done at an approximate average of 5-foot intervals of
depth and at all changes in strata. The casing shall not be
driven into the layer to be sampled in advance of the sampling
operation.

With the split-spoon sampler resting on the bottom of the
hole, the sampler shall be driven into the soill for a-distance of
approximately 18 inches by a series of blows from a 300-pound hammer
falling freely for a drop of 18 inches. After the spoon has pene-
trated about 6 inches into the soil, the number of blows re-
quired to produce the next foot of penetration shall be recorded.
Where the boring is below the water table at the time of sampling,
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the water level in the hole should be at or above the ground
wateyr or river water level,

In cohesion or nearly cohesionless sand located below the
walar table, a core catcher, or a scraper bucker, or other
2imilar devices, shall be used in order to prevent the sample
from falling out before it can be brought to the surface,

The sampls shall be removed from the spoon and immediately
placed in an air tight wide mouthed glass jar of sufficient size
to hold & section of the sample intact,

The jars shall be marked to indicate job designation, boring
number, ssmple number, date, elevation at which sample weas taken,
penstration record; and classification of soill, end shall be
shipped to the Bureau of Public Roads laboratory for further
analysis, '

Undisturbed Samples

In additisn to the sampling described above, undisturbed
samples for laboratory testirig shall be teken at locations and
elevations shown on drawing G-8-55 or as may be directed by the
Engineer in the field,

Thas test hole shall be cleaned out to sempling elevation by
augering, washing, or other methods insuring that the material to
te asmpled is not disturbed by the cleanout operation.

With the sampling tube resting on the bottom of the hole
and the water level in the hole approximately at ground water
or river surfece slevation, a tube sampler (Shelby tube sampler
or egual} of a minimm cutside diameter of 3 inches, inside
diametsr of 2-7/8 inches, and a minimum length of 2, inches,
shall be pushed into the soil by a continuous or rapid motion
without impact or twisting, preferably by the aid of a hydraulic
jack, for a distance of sbout 6 inches less than the length of
the tube. The drill rod shall then be rotated to shear the end
6’ the sample and sample tube raised to the surface. The disturbed
material in each end of the tube shall be completely removed, and
metal disks Inserted firmly at both ends, and the metal disks sealed
over in the tube with paraffin.

Each tube shall be labeled with the job designation, boring
number,; sample number,; and elevation at which ssmple was takens,

Drillinngecords

The contractor shall keep an accurate chronological record of
the prcgress of the work as well as a detailed log of each hole.
He shall seal, store, pack, and deliver the samples as previously
dirantad.
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The records in all contain a description of the equipment used, the
location and identifying number of test borings, and reference to survey
data, date of start and completion of borings, ground surface elevation and
ground water level at each boring, and datum used. The records shall further
include depths at which changes in character of the soil take place and a
record of the number of blows required to drive the spoon sampler 1 foot in
undisturbed material.

For each undisturbed sample, the elevation of bottom of sampler at
the start of taking each sample, the elevation to which samplers were forced
into soil, length of the sample obtained, and the stratum represented by the
sample shall be shown.

Samples shall be described from visual identification in the field as
to general composition and predominance of the several grain sizes of
materials as follows: gravel (coarse or fine), sand (coarse or fine), silt,
clay, vegetable mulch, and peats, and such other terms as may be required.
Mixtures shall be described using the predominating types of material as the
first entry modified successively by terms indicating relative quantity and
grain size. The relative moisture content may be indicated by the use of the

terms "dry," "moist"," or "wet". The consistency shall be indicated by the
terms "hard", "medium", or "soft", and the use of the terms "loose" or
"compact" in coarse grain soils. The predominent color should also be de-

signated. Copies of the contractor's records shall be furnished to the
Engineer within three days of the completion of each hole.

Abandoned Holes

No payment will be made for any boring hole which has been abandoned
by the contractor before reaching the required depths.

Cleaning Site

Upon completion of the work and before acceptance and final payment,
all surplus material, temporary structures, and debris resulting from the
work shall be removed and the premises left in neat orderly condition. All
test holes on land shall be backfilled with earth and thoroughly compacted
so no settlement will result. The cost of clean-up shall be included in
the unit price bid on contract items.

Measurement and Payment

The various items shall be measured and paid for as follows!

Foundation Borings on Land (including dry samples)
Holes Nos. 1 to 10, inclusive, 28, 29, 33, and 34.

(%
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Payment for boerings on land will be made on the basis of
the prices bid per linear foot for ®Foundation borings on land
(inc¢iuding dry samples) from natural ground surface to a depth
net sxceeding 100 ft, below ground surface,™ or "Foundation
berings on land (including dry ssmples) from a depth of 100 ft.
bsiow the natural ground surface to a depth not exceeding 200 ft.
below ground surface,™ as the case may be,

Foundaticn Borings Through Water (including dry samples)
Holes Nos. 11 %Te 27, inclusive, 30, 31, and 32.

Payment for borings through water will be made on the basis
of the prices bid per linear foot for "Foundation borings through
water (including dry samples) from surface of water to a depth
not excewding 100 £t, below surface of water,® or "Foundation
borings through water (including dry samples) from.a depth of 100
fto below surfece of water %c a depth not exceeding 200 ft. below
surface of water," as the case may be,

The abeve prices and payments for borings shall constitute
full compensation for furnishing all apparatus, equipment including
power boats, tow boats, barges, etc., for supplies and materials
including casings, and for all tools, labor and incidentals
necessary for meking the borings ond feor the removal thereof
tpon zompletion of the centract, and for the securing, beottling,
lsteling, and delivering dry samples including the submission of
records thereof, The surface of water shall be taken as Elevation
0,00, mean sea level, U, S, Ccast and Geodetic Survey,

Securing Undisturbed Samples

Payment for undisturbed samples will be made on the basis
of the pricas bid each for "Securing undisturbed samples at a depth
not exceeding 100 ft. below.surface of ground or surface of water,"
or "Securing undisturbed samples at a depth greater than 100 ft.
below surface of ground or surface of water," as the case may be,
which payments for undisturbed samples shall constitute full compen-
sation for furnishing all equipment; tools, labor and incidentals
necessary for securing the samples, for capping, packaging and
delivering the samples, for the preparation and submission of re-
quired report; and for all other work necessary to complete the item.

Although number, locations, and depths of borings, and
number and location of the undisturbed samples are indicated on
drawing G-8-55, the Engineer may. make such changes as he mey deem
necessary as the operations proceed. Such changes shall be made
‘without changes in the unit priée bid. The Engineer reserves the
right to increase or decrease the estimated quantities by 30 percent,
either in depth and number of holes or number and location of un-
disturbed samples,
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Final payment for all work shall be made on the basis of
firal quantities of work at the unit prices bid,

Quantities and depths shown on the drawings are estimates
only and are to serve as the basis for comparison of bids and
determination of awards.
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RIVER BED 3COUR AT BRIDGE FOUNDATIONS

by
Emmett M., Laursen
Research Engineer

Iowa Institute of Hydraulic Research
State University of Iowa

INTRODUCTION

To the geologist a river is an important agent in the
erosion and transportation of the soil mantle of uplifted high-
lands. The erosional half of the geological c¢ycle has as a limit-
ing condition the classical concept of the peneplain in which
erosion snd deposition combine until relief is almost obliterated.
This 1imit is probably never achieved because of the continual
movement of the earth’s crust. Thus, in the geological sense a
river is never in equilibrium, but is always active and changing
its environment.

To the engineer a rate of change which is significant
in geologic time may well be practically negligible. The engineer-
ing concept of a stream which is polsed or in regime, therefore,
is not equivalent to the geologlical concept of equilibrium. The
condition of geological equilibrium is represented by the limiting
peneplain whereon the slopes are the maximum consistent with the
critical tractive force for the beglnning of movement; engineering
equilibrium is a condition wherein the active transportation of

sediment does not result in a significant rate of erosion or

depositione.
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This active character of the stream can be safely
ignored in the design of the piers and abutments only if the
approaches and foundations of a bridge do not disturb the natural
flow conditions of a stream, or if the substructure is founded on
sound rock. Otherwise, the scour which will occur should be con-
sidered in the determination of foundations which will be both
safe and economical. The lowering of the stream bed in the
vicinity of piers and abutments can be ascribed to three causes:
the local scour due to the distortion of the flow pattern by the
pier or abutment itself, the general scour due'to the disturbance
of the-flow pattern by the overall bridge-crossing geometry, and
any degradation of the stream which may occur whether natural or
caused by the works of man.

The scour at bridge piers and abutments has been studied .
since 1948 by the Iowa Institute of Hydraulic Research under the
joint sponsorship of the JIowa State Highway Commission and the
Bureau of Public Rdads. From this experimental investigation a
method of predicting local scour at bridge piers has been evolved
(1). The study is continuing in an effort to obtain a comparable
method of predicting general scour Yhich is important in both
abutment and pier scour. The lést cause of stream-bed lowering
degradation, is not a problem associated with the bridge crossing

but with the general behavior of the stream itself. .
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LOCAL SCOUR

For turbulent flow such ag iz found in a river, the
boundary geomelry will determine the flow pattern around an
obstrusticr such as a pisr., Included in this comprehensive term,

19 the shape of the pler itaelf, ita relation to the direction of

flow, the dspth of flow, and thé proximity of other piers or banks -
e the river. Since the flow pattern will determine the capacity

for sediment irsnsport at every point, the flnal equilibrium bed
sonfipguraticn is also determined., The equilibrium form will be

gsuch that at every point the capacity for transport is equal to the

rate at which sediment 13 supplied. Until this balance is achieved,
active soour and deposition will ocour,

The typical form of a scour hcle arcound a pier is shown
in Pigure 1. The forepart of the scour hole can bes approximated
vy a truncated, distorted cone with side slopes equal to the angle
of repuse; the afterpart of the scour hole is composed of two tails
on each side of the wake behind the pier, and a built-up dune in the
wake of the pier., A spiral roller within the scour hole is the active
agent of erovsion and transportation,.

The effect of both depth of flow and proximity of plers can
ve seen in Figurs 2, which summarizes a series of experiments on
miltiple round cylinders. Until the scour holes from ad jacent pilers
meet, the contractlon of the flow does not appear to have any in-
fluence on the depth of scour. For sufficiently large contractlons

the depth of scour is equal to that of a long contraction, which
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according to Siraub (2) is

(1)

where da 13 the depth of scour, y is the depth of flow in the un-
contracted approach, and (1 - B) 4is the ratio of the contracted
te the uncontracted width,

Similar experiments established the effects if pier shapse,
angle of attask, and depth of flow. Equally important a finding was
the lack of effect of velocity of flow and sediment size. The
techniques, results, interpretations, and qualifications of the in-
vestigation and a method for predicting the local depth of scour at
plers are fully repcrted in Reference 1 and, therefore, will not be
repeated here, The basiec relationship for the prediction of scour
is shown schemetically in Fig. 3. The depth of scour at a rectangular
pier alignad with the flow 1s first determined as a function of the
depth of flow and the width of the pier. 1If the pier is not aligned
with the flow, the scour depth at zero angle of attack is multiplied
by a factor greater than unity which depends on the angle of attack
and the length-width ratio of the pier. Only if the piler is aligned
with the flow can the effect if a rounded or streamlined pier shape
be considered. A table of coefficients less than unity has been pre-

pared for thls condition.
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GENERAL SCOUR

Bagizally a1l ssour phencmena are similar in that for any
flow pattern thersz will be an squipibrium bed configuration so that
at every point the capacity f@r>tr8nspovt ia exactly equal to the rate
at whish sediment is supplied. General scour at a bridge crossing
dlffers frem lecal ssour only in the fastors which affect the flow -
pattern, or, mors spscifically, the pattern of sediment=transport
sapacity. It is to be expected that the gensral scour will be a
funcstien of such gecmetrie characteristics as the width-depth ratio
of the main channel, the relative location of the abuiment to the bank
of the stream bank, the presence of thick growth along the bank or of
& spur diks parallel to the stream at the end of the approach fill,
and the angle between the approsch fill and the flood flow., Since
besh the lpeal scour at the asbutment and the general scour at the
srogsaing will be centered cn the upstream corner of the abutment,
they can nob be measured separately and any investigation must also
include a geometry of the abutment itself, It 1s anticipated that the
effect of the overbank»flow can bs described by the ratio of the total
d¢schargs te the discharge in the main channel.

By an approash simila=z to that of Straub previously cited,
the scour depth in a stream where only the overbank flow is contracted
can be obitained (3). The solution is for the case if a contraction in
which the flow %s uniform and in which the overbank flow does not trans-
port a bed load. As in the case of the multiple cylinders, the scour

at o bridge csroasing will be greater than that in a long contraction
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because of the non-uniformity of the flow. An estimate of the minimal

scour to be expected, however, can be obtained from the relation

(2)

If the general scour extends to the piers, the effects of
both general and local scour must be added to obtain the total lower-
ing of the river bed at the pier., Independently from the effect of
the general scour it should be noted that the flow around the abute
ment may determine the angle of attack between the flow and the pier
and thus may also affect the local scour depth.
The continulng experimental investigation has been designed
to assess the effect of these various factors with the goal of establlish-
ing meany of predicting gsneral scour, both as to depth and extent,

similar to those evolved for the losal scour around plers,
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DEGRADATION

Any scour, general or local, caused by various elements
of the bridge crossing must be measured from the normal bed elevation
of the stream. Iane and Borland (4) have demonstrated conclusively
that there 1s no apprecisble overall lowering of the river bed during
a flood. Rlvers, however, are not uniform in section and scour will _
occur in the contracted reaches during floods. Equations (1) and (2)
indlcate the magnitude of this effect. ZEspecially in bends, there
may 2190 be a natural rearrangement of the flow pattern at the higher
stages of the flood -~ agide from and indepent of the effect of the
bridge crossing. Any change in the flow pattern, of ecourse, is liable
to result in a new bed conflguration. As an extreme of this behavior,
gome of the wide;, shallow, western streams are very erratic in the
shi fting of deep channels,

In addition to thlis normal variability of the stream channel,
a river may be degrading, usually rather slowly. In an alluvial valley
the degradation will usually be the result of man's interference with
the stream. Cutoffs or stream stralghtening will cause degradation
upstream approximately equal to the slope of the stream multiplied by
the reduction in the length of the stream. Because the bed load is
trepped in a reservolr, degradation will extend far downstream from a
dem unless the 3ills of the spillway sectlon are essentially at bed
level, as, for example, on the navigation dams on the Ohio and
Mississippl. Any disturbance of the normal functlioning of the stream

which effectively increases the capacity for trensport or decreases



the sediment supply will result in a tendency for degradation.
This lowering of the strsam bed may be small in any one year butb

may become important within the useful life of a bridge,

CONCLUSIONS

Succesgful application of the proposed method of pre-
dicting lozal scour and of its asnticipated counterpart for general
gscour depends on an understandiang of the general nature of the
scour phencmenon, an ability to visualize flow patterns, and a
knowledge of the behavior of the individual stream. Apy engineer
with a background which includes the study of hydraulic engineer-
ing or fluid mechanics should be qualified to handle the methods
after a ressonable amount of study of the particular problems
invelved.

Confidence in the methods of predicting scour can only
be built up through successful experience. Field measurements
and model prototype conformity tests on existing structures can
provide the factual informaticn in an expeditious manner. One
such study has been made (1) which not only provided valuable
data but served asg a proving ground for the instrumentation and
techniques of operation. Another type of study which could be
made is a correlation of failures and non-failures of bridges in

past floods with conditions of scour as predicted by these methods.
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Geologic Features of the Southeastern States
ag Related to Highway Engineering

By Robert A. Laurence
U, 8, Geological Survey
Knoxville, Tennessee

Geology as related to highway engineering can be divided into
three main groupss

1. Geology as related %o problems of location, desigh, and
cons truction,

2, Geology as related to the location and selection of
construction materials,

5. Geology as related to the occurrence and control of water
In highway construction and maintensnce.

This paper will discuss principally the first two of these,
A general discussion of the third was presented to the Second Annual
Symposium at Richmond in 1951 (DeBuchananne, 1951).

Geologlc problems of highway engineering are more or less
simlilar within a single geologic or physiographic province, but"
differ strongly from one province to another. Thus, the problems
of building a bridge over the Potomac River at Jones Point, near
Washington, in the Coastal Plain are quite different from those of
a brldge over the same river at Harpers Ferry in the Appalachian
Valley, while the bridge foundaticn at Harpers Ferry would have
many geologlc features in common with the foundation of a bridge
over the Tennessee River at Chattanooga,

Following is a summary of the geologic features of the
various physiographlic provinces of the southeastern states
(Fenneman, 1938 pp. 1=342, 411-448, pls, II, III):

Coastal Plain.--Chiefly unconsolidated or poorly consoli-
dated sedimentary rocks--sands, clays, marls., Cuts and fills subject
to rapid gullying; slides may occur where clay beds underlie thick
permeable sands. Bridge foundations require extensive exploration,
"as crystalline bedrock lies too deep to be used for foundations
except along the lnner margin of the Coastal Plain. Materials for
aggregates are chiefly gravel and sand. In Atlantic seaboard reglon,
gravels are largely composed of quartz; in western Gulf and
Mississippl embayment reglon chert and sendstone make up much of the
gravels and although usually sound, they may be inferior to gquartz
and novaculite gravels or crushed stone.

Piedmont.-~-A region of relatively low relief, composed
largely of metamorphic and igneous rocks (schists, gneisses, granites
and slates) with smell areas of sedimentary rocks; entire region is
deeply weathered so that bedrock is mostly covered with residual clay
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or saprolite., Large quarries in granite, gneiss, quartzite, and
limestone supply much of the area, but in many areas good quarry sites
do not exist. Stream gravels and sand are used locally:

Blue Ridge.=~-A mountainous area underlain by rocks comparable
to those of the Piedmont but generally less weathered, so that a much
greater portion of cuts are in solid rock and so that bedrock is
usually at slight depth at bridge sites. Strike and inclination of
foliation and jointing has considerable effect on stability of cuts
(Hadley 1952). Construction materials abundant and good quarry sites
are available almost anywhere; granite common but limestone scarce.

Valley and Ridge province.-=An area of parallel ridges and
valleys, underlain by folded, generally steeply dlpping, sedimentary
rocks, Deep weathering and solution of carbonate rocks has produced
a thick residual cover over much of the region; depth to bedrock is
variable., Cavities in limestone affect foundations of bridges and
other structures. Cuts which cross strike of dipping rocks at
right angles are usually best; sliding is easlly started Dby cuts
parallel to strike (Parrott, 1952, Laurence, 1951). TLimestones and
dolomites abundant; quarry sites aveilable at most localltles.

Appalachian Plateau.--& mountainous reglon of horizontal
sedimen%ary rocks, chiefly sandstone and shale; very little lime-
stone. Slumping and rockfalls resulting from sapping by shale beds
beneath thick sandstone 1s a widespread problem; benching of cuts
provides best solution (Baker, 1952, Philbrick, 1953; Marshall, 1953).
The general absence of soluble carbonate rocks 1s favorable to bridge
and tunnel sites. Some sandstones are sultable for aggregate (Gregg
& Havens, 1953); limestone is available at a few places in the
region or from adjacent regions where 1t is abundant,

Interior Low Plateau.~-A hilly area underlain by flat-lying
sedimentary rocks; much less relief than Appalachian Plateau.
Limestone is abundant, and much of it i1s cherty. Caves and areas of
deep weatherling are common,




47

REFERENCES CITED

Baker, R. F., 1952, The design of the slopes of highway rock
excavations in West Virginias 3rd Annual Symposium on Geology
as applied to Highwgy Engineering, Proceedings, 1952,

DeBuchanne, G. D., 1951, Control of ground water in consolidated
2nd Annuel Symposium on Geology as applied to Highway

rockse
Engineering, Proceedings, 1951.

Fenneman, N. M., 1938, Physiography of Rastern United States,

New York, McGraw-Hill Book Co., 71& Po
licat ions of geology to

Gregg, L. E. and Havens, J.H., 1953, Ap
highway engineering in Kentucky: ﬁth Annual Symposium, 1953,

pPp. l=1ll.
Hadley, J. B., 1952, Geology of a highway slide at Gatlinburg, Tenn.
3rd Annual Symposium, 1952.

Laurence, R. A., 1951, Stabilization of some rocksl ides in Grainger
Economic Geology, vol. L6, pp. 329-336.

Sig. j—'

) County, Tenn.:
E Marshall, H. E., 1953, Some experience of the Department of
Highways with landslides in Ohio: hth Annual Symposium, 1953,
. p‘pe 12-’230
Parrott, W. T., 1952, Geologic problems in the design and con-
struction ot highways in Virginiag¢ 3rd Annual Symposium, 1952,

Philbrick, 8. 8., 1953, Design of deep rock cuts in the Connemaugh
formetiong Lth Annual Symposium, 1953, pp. 79-88,



48

EQUIPMENT USED IN GEOLOGICAL ENGINEERING

by
Jo 0. Bickel

When planning a highway and its related structures, one
of the mest important considerations is: What type of soil are
we going to build on or in? In seeking the answer, geolcgical
engineering can employ a number of tools, some old, others new,
and all having their special uses.

Soil expleration may be divided roughly into two phasess

The first furnishes general information at a low cost in
the minimum time for preliminary planning and route studies.
This information includess

Visual surface ingpection from the ground, or aerial
photography and observation.

Probings and simple borings.
Geophysical exploration. .

The second group produces the more accuraste data about soil
properties required for the final foundation design of structures
and the clagsification of materials which will be encountered
during highway construction. Here belonngs:

Borings furnishing samples of soils for analysis
and laboratory tests, or rock cores. These may be
combined in some cases with further geophysical
investigatlon, particularly the seisamic refraction
method.

Surface Inspection

A good pair of observing human eyes, backed up by ample know-
ledge and experience and, today even as in thHe past, the gupport of
a pair of sturdy legs, might be called the initial tool, and the
basic one, for surface exploration. Today the range of vision has
been vastly increased by the airplane and the camers - with its
black and white ss well as color pictures. Not only do these per-
mit quieck mapping and stereometric determination of contours but
they also make it possible for a skilled observer to deduct an
amazing amount of geological informastion. He can thus quite readily
spot areas which would obviously be troublesome, such as swamps, and
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determine s gﬁﬁat deal about the nature of the underlying scil from -
the type of vegstation and coloring of the ground surface. :

Pr Db ‘zg_ -

Ag soon ag some likely route have been selected by prelimi-
nary 3tudiba9 baged upeon the maps and informaticen produced by aerial
surveys, exploring below the surface becomes essential., The simpliest
tool io a prebing bar driven into the ground. This will give an
approximate $dea of the firmness of the soll and the lccation of any
rock at shallow depth - provided the rock does not congist of a
series of boulders! The results of these probings have, obviously,
only a very Iimited value.

Augew Bori Borings.

More infermative are auger borings. In this case, an auper- )
1tke drill, 3 to 8 inches in diameter, 1s screwed into the ground, -
and the mate:iai brought ur by it 1s typed. A depth of as much as

20 feet may sached, A series of such borings, spaced at approx-
imately 500 foou intervsls, usually give adequate informestion to
snable us to clagsify the material for excavation and fill for
regular highway constructicn,

el
A

l[s

cpnysical Exploration

For more scomplete and rapid subsurface surveys, geophysical
explorations are rapidly gaining faver. Thsae comprise four basic
mathodas

Meagsursmernt of electric resistivity of the ground.
Measursment of seismis refraction.

Mzasurement of seismic reflection.

Magnetometric surveys.

Por highway work only the first two have found practical
application, and of these two seismic refraction has become the more
widely used,

Electric Resistivity

Resistance to the flow of elestric current varies widely in
different 3olls., Dry gilicon and other minerals; which form the
gclid component of all non- -organicz scils, are practically non-
conductors of electricity. Rocks and dry sandg have, therefcre; a
high resistivity and act as condustors only because even they
contain small amounts of water, I% is the latter which principally
determines the conductivity of any g0il, so that the lcwest resis-
tivity is found in loose materiala, such as sand and gravel below
the water table, provided the water contains some dissolved salts,
For this reason, the electric resistivity method has proven
espezially useful when exploring for water supplies. Here, a pair
of electredes is inserted about a foot into the ground and a curren
is pasged through the soil between them at a potential of about 10C
volts, Intermediste electrodes are used to measure the current
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pattern., The further apart the two base electrodes are spaced the
desper the section of soil through which the current passes. By
varying the distance resistivity depths can be calculated and
conclusions drawn regarding the nature of the soil. An attempt

was made to determine the solid rck profile in the portal areas of
the T. J. Bvans Tunnel by this mevhod (refer to Mr. R. Woodward Moore,
B.P.Ro)o The agreement of the results with those obtained by later
borings wss not very good, which 1s understandable in view of the mass
of talus cocvering the slopes of the mountain,

Seilsmiec Refraction

Different materidl s propagate sound or shock waves at greatly
erent speeds. This also applies to soills, as the following
ures indicates

Yelocity of shock waves ise

to 2000 ft./sec. in dry loam.

1500 to 3000 ft./sec. in dry sand and loose tili.,

3500 to 5500 ft./sec. in compact tills, gravel in water
table, and some clays.

6000 %o 8500 ft./sec. in old tills, hardpan, and :cross
schisto 1ty of foliated rock.

12000 to 15000 ft./sec. in solid rocks.

(9

The selismic refraction method uses these differences to
determine the thickness of =0 1l°layers by measuring the speed with
which a shock wave from an explosion is propagated. It 1is most
readily applied to find the depth of solld rock below a covering
of loose material, say gravel. An explosive charge, usually 1/l
to 1/2 1b. of high velocity dynamite, 1s detonated between 3 to 8
feet below ground surface. From this polnt, seismometers are set
on the ground in a -straight line at intervals of 20 to 100 feet,
depending upon the accuracy ,of detal 1 deslred. Electric oscil-
‘lators measure the time interval between the firing of the chargs
and the arrival of the wave at each selismometers, Waves travel over
di fferent paths. One will reach the instruments through propaga-
tion in the gravel at a speed of approximately 3000 fto/Seco
Another wave will go through the gravel down into the rock where
it wiil be refracted and will propagate through the rock at the

ighser speed of approximately 12,000 ft./sec. This will cause
waves to be refracted up through the gravel and these will be
detected by the instruments. At a certain distance from the
origin, the refracted wave will overtake the direct wave, due to
the higher veloclty imparted to it by the rock. This is called
the M"point of intersection™, and the greater the thickness of

the gravel the further away this polnt will be. If the arrival times
of the wave at the various seismometers are plotted as ordinates
over the distances as abscissae, the two wave paths are remre-
sented as straight lines wl th different slopes. Thelr inter-
section coincides with the "point of intersection", where the
refracted wave arrives simultaneously with the direct wave. Their
slopes permit the calculation of the two velocities. If the rock
surface 1s parallel to the ground, the true velocity in the rock
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cann be figured., If the surfeces are divergent, another reading
In the reverse direction, that is with. a second charge fired at
the other end of the track, will be required so that the true
rock veloclty can be averaged oub. BRest results are obtained
whsn the rock surface 1s relativsly regular. Abrupt dips and
riges of the rock are apt to giv- confusing readings. In order
to redure the chance of errors due to local irregularities it
1s ususlly necessary to use spreads of tracks, some running at
right angles to each other. Only layers with large differences
in refracting characteristics can be identified. The method
sguirss great care and considerable experience to insure
urate results. In a recent demonstratiocn over a stretch of
Cornezticut RBxpressway, where borings had previocusly been
25
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2de, Lhe coincidence between the rock profiles esteblished by
wo methods was reasonably close. On the other hand, in a
subzquecus tunmel in Burope now under preliminary study,

gelsmic refractions indicated sbout 30 feet of alluvida material
over the bedrcc k, but subseaent borings found this cover to be
as great as 200 feet, which necessitated a change in the whole

concept of the project,

Borings

Befcre starting the final design of a highway structure,
such as a bridge or tunnel, it is necessary to have considerably
nore infermation about the soils than was secured for the pre-
liminsry studises. More comprehensive geophysical explcoration
may give results adequate to determine the areas along a highway
where vock must be removed from cuts, but for structurses, and
sometimes for fills and embankments, only one tool will fill the
bllie borings, which 1ift soil samples from the depths for
inspection and analysis. They may often be combined to advantage
with geophysical tests,

ot 5} ot 0 i
M

b
3
@

The simplest type is the auger boring, previously mentioned,
for shallow depth. An suger, as sll of you undoubtedly know, is a
ielical drill, with some kind of cutting edge, which is screwed
into the ground. The helix £ills with the soil which is brought to
the surface when the drill is raised. The samples, which are
naturslly g ite disturbed, are suiteble for classification only.

When deeper layers are to bs explored and sample s which more
nearly represent the soil in its natural condition are required,
the cassd bering is used,

A casing of extra. strong steel pipe, usually 2-1/2% to 4"
in diameter, is driven into the ground and the material washed
out from itz inside by water from a jetting pipe lowered into the
cesing. The casing is driven by a falling weight, as in the old
typs of pile driving, and a record is kept of the number of blows
per foot. Every five feet, or when the cnlor of the washwater,
or the driving of the casing indicates a change in meterial, a
drvy sample is taken .rom the bottom of the hole. The casing 1is
clssred to the required depth by fishtail or auger bits snd wash-
water., A sampler of a diameter slightly less than the inside
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diemeter of the casing 1s attached to drillrods and driven into the

3oil below the end of the casing. Basically, the sampler is a tube

24 inches long with a cutting edge at the lower end., Ths upper end -
is screwed into a head threaded to fit the drill rod and bored with

a small hole acting as a vent. A ball check closes this vent when

the sampler is withdrawn, thereby preventing the sample from dropping

out, At the surface the sample is removed, immediately placed in =

Mason jar and labelled with the identifying bore hole, the number and

depth from whers it came, and classification of the material,

Samplers are either solid or split lengthwise. The latter are
very popular because they allow easy removal of the sazmple by opening
up the spoon like a book,

Since the number of blows required to drive the sampler is a
good indicatlion of the density and bearing capacity of ths soil,
this information is carefully entered in the bering log,.

Undisturbed Samples

For more complete determination of soil characteristics by
Laeboratery tests, undisturbed samples are recovered whenever
possible, PFor this purpose the rsgular pipe sampler is replaced
by & thivn-wall tube, called a Shelby Tube, attached to a similar
type of head equipped with ball check., The tube has a wall thick-
ress of 1/16" and a sharp cutting edgs. It comes in cutside -
dismeters of 2 to 4-1/2 inches and has a standard length of 24
inches, After the hole has been cleasned out the tube i3 pushed
into the undisturbed soil below the casing with a steady pressure
rather than by a falling weight. Upon withdrawal, the tube is
removed from the head, sealed at both ends to preserve the mois-
ture content of the sample, and shipped to the laboratery. Un-
disturbed samples can be obtained only of scils which have ade-
quate cphesion, such as silty sand, silt, or clay. Pure sand will
not remain undisturbed in the tube upsor withdrawal.,

Thers are & number of special samplers available to suit
most types of soils encountered; such as sticky or loose materials.

If the ground becomes very firm the wash water may not be
able to remove the material from the casing. In this case it has
to be loosened up with special tools, such as chopping bits,
similar to chisels, or cross chopping bits, which will cut through
small boulders and coarse gravel, Fishtail bits with power rota-
tion can cut through hardpan and soft shale. If the material
becomes firm enough, a hole may be continued without casing.

Laboratory Tests

In the laboratory the undisturbed samples are cut up into
suitabls pieces to perform all or a part of the following testsg .

Unconfined compressiong This gives an accurate measure of
the ability of 2 cohesive soll to stand on slopes or support
foundation loads,
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Triaxial Compression: A cylindrical specimen sub jected
to predetermined lateral pressure is loaded to failure under
axial compression, to determine the angle of friction.

Consolidation: To determine the amount and time curve
of consolidation under certain loads.

Compaction Tests: To determine how much the density can
be increased by compaction,

Other general tests are sieve analysis, to determine the
grain sizes; specific gravity, capillarity, etc.

Rock Core Borings

Where rock is encountered, such as in tunnel construction,
or under heavily -loaded foundations, core borings are made with
diamond drill bits. These are short lengths of heavy pipe, one
end of which is threaded to fit the core barrel. The forward end
is rounded and set with a number of small diamonds cemented into
recesses. These may number as many as a hundred or more in =
3-inch dit. The bits come in various sizes, giving cores of 7/8%
to 2-1/8" dismeter. They are mounted on core barrels, steel
pipes 5 to 20 feet long, which are screwed to the drill rods.
The latter are hollow to allow drill water to be pumped to the bit,
Here the water will cool the bit and wash away the drilling dust.
More details of the operation will be explasined later when describ-
ing the borings made for the T. J. Evans Tunnel of the Pennsylvania
Turnpike.

Borings for Hampton Roads Bridge-Tunnel

Two recent projects, both now under construction, may
serve as illustrations of practical boring programs.

The first of these 1s the Hampton Roads Bridge-Tunnel
Project, consisting of a 7500 ft. tunnel under the Hampton Roads
Ship Chamnnel, with about three miles of trestle bridges completing
the wster crossing, and a total of 20 miles of limited access ap-
proach highways.

SLIDE 1: GENERAL PLAN OF PROJECT

For the highways, cased borings were made at all bridge
crossings. Over the rest of the alignment, where no structures
were involved, auger borings every 500 feet sufficed.

SLIDE 2: TYPICAL PLOTTING OF THESE PROBINGS
FOR _HIGHWAY

The main crossing ~ especially the tunnel section -
presented a major design and c onstruection problem. The distance
between shores is over four miles. The main ship channel has a
width of 3700 feet between H6-fathom lines and & maximum depth of
about 70 feet; the rest is shallow water from 20 to lj feet deep.



54

SLIDE 3: PLAN OF THE CROSSING

SLIDE L+ TUNNEL PROFILE

The tunnel portals, open @pproaches and ventilation buildings
are lecated on two artificlial sand islands.

SLIDE 52 BORING PLAN

Borings were spaced 500 feet along the center line of the
project. They were started with L% casings; this was reduced to
2-1/2% after a penetration of about 60 feet, Since an exact soil
anal ysis was importent, undisturbed samples were taken at frequent
intervals in the holes in the tunnel and island areas. Over the
projected islands pairs of holes were used, and on the south side
of the channel additional borings were located at offsets up to
1500 fset from the center line. The purpose of these was to
explore the extent of the deep layer of silt encountered at this
location,

SLIDE 6: TYPICAL LOG

The following conclusions were reached from the analysis of
the soll samples made by the laboratories of the University of
Virginiacg

On the north side of the channel the tunnel island could be
placed directly on the existing bottom as hydraulic fill,

At the south 1island a layer of silt up to 90 feet in depth
was found to be compressible to such an extent that radical measures
were nesded to protect the structures against excessive settlement.
After several solutions had been studied it was decided that removal
of the silt and replacement with good sand was the most economical
method, The sanples indicated sufficient cohesion of the material
to permit sl opes no steeper than 2:1 for the excavation; this was
borne out during actual construction.

The trench to be dredged for the tunnel sections would be
located for most of its length in firm sand; only at the south side
would it be partly in silt, most of which would be removed anyway,

SLIDE 72 SOIL PROFILE

Holding the trench slopes and loading the subsoil by tube and
backfill d4id not, therefore, pose any problem, except for the last
300~-foot tube on the south side, and the short length of cut-amd-
cover section. In order to avoild increasing the load on the sub-
soll, a lightweight type of backfill wlll be placed ower these parts.
The tubes themselves weigh less than the material they displace.

The hydraulic sand fill of the two 1slands was compacted by
the vibroflotation method to obtain a density sufficient to support
the structures without piles. Borings were taken after compaction
to obtain samples for checking the density obtained, which was
specified at a minimum of 75 per cent relative densitv. Hvdranlieallvw
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operated plston tube samplers were used for this sampling with
satisfactory results.

Twelve of the 23 sunken tubes have now been placed and the
send islands are practically completed.

T. J. Evans Tunnel

The T. J. Bvans Tunnel, which will carry the Northeast
Extension of the Pennsylvania Turnpike through the Blue
Mountai ns near Palmerton, Pa., presented a guite different soils
problem, namely the exploring of rock formstions prior to the
design and construction of a rock tunnel.,

The tunnel will have a length of ebout L4500 feet, At the
midpoint it is soue 800 feet below the top of the mountain,
Geological studies made of the area over a period of years indi-
cete that the formation consists of shales, quartzites, and meta-
morphic sandstone, rather faulted, with a dip between 30 and 60
degrees south and an east-west strike parallel to the ridge and
more or less at right angles to the tunnel axis. Both slopes are
well covered by talus, the south more so than the north.

It was decided that longitudinal borings offered the best
chance to obtain a record of the formations in the minimum time
and wlith the shortest total length of hole. Because of the dip
of the rock, 1t would have been necessary to have vertical holes
spaced very closely for complete coverage; these would have been
quite deep.

SLIDE 8:

Since horizontal borings have to be started on a solid rock
face, 1t was necessary to begin them above tunnel elignment,
vhere rock could be reached without excessive excavation. Access
roads were bulldozed into the flanks of the mountain to reach the
locations where the core drilling machines were set up. The north
boring, intended to be the longer one, was started about 190 feet
above tunnel grade end projectsd horizontally, sthat is wi th the
requlirement that 1t stay within a 100 ft. diameter circle over its
entire length. The south hole had to be started higher, about 300
feet above tunnel grade, and was projected at a slope of 7 degrees
below the horizontal.

The borings were specified to be started NX size with a 2-%%"

0. D. core barrel, giving cores of 2-1/8“ diameter. Successive re-
ductions were permitted, if necessary, to BX and AX, giving 1-5/8"
and 1-1/8" cores respectively.

First, a short casing o» star ting barrel was drilled into
the rock ani cemented in. Then the regular core barrel was set in..
This is a steel tube, 10 #t. long, carrying at its forward end the
diamond bit and at 1ts rear end a threaded drill rod connectlon.
The hollow drill rods are gripped by the drilling machine and the
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hele assembly rotated under pressure. Water under pressure enters
through the rods into the core barrel end washes the drilling dust
away from the bit and out through the hole to the starting barrel,
Here it 1s carried off through a pipe connection. Drill rods are
extended in five~foot lengths as the hole advancss., Whenever this
advance reaches the length of the core barrel, the drill is with-
drawn and the core removed from the barrel by unscrewing the bit.
As the boering becomes longer, this operation becomes steadily more
time-consuming. The bit consists of a short piece of heavy tube,
one end of which is threaded to fit the core barrel. The other end
i1s rounded and set with about 100 small dismonds cemented into
recesses,

The cores are immediately placed into boxes aznd a record
made of the percent of recovery, the type of rock, and the dip of
the seams.,

Direction of the bore hole can be controlled to some extent
by varying the drill pressure. The direction of the hole was
checked about every 150 feet. In the past this had been accomplished
for the horizontal direction by inserting a compass in a shell filled
with gelatine, wich upon congealing held the needle in a fixed
position. The vertical direction was established by a line etched
Into the sides of s glass container partly filled with scid and
inserted into the hole. The accuracy of these rather crude devices
of ten was questionable and a rather ingenious new instrument was sub-
stituted. This consists of a compass and plumb bob combination
mecunted in gimbals which allow both to move freely. A clock mechanism
zan be set for a time delasy up to an hour, after which both compass
and plumb bob are locked in the position they have assumed at that
moment. The device was inserted into a 2" diameter brass tube with
watertight plugs and screwed onto the core barrel in place of the bit,
The clock was set for the time it would take to advance the head to
the proper depth of the hole where it was left until the time was up.
Upon withdrawal, the compass declination end plumb bob inclination
could be read directly on graduated scales.

The north hole was advanced successfully a total of 1980 feet,
with practically no vertical deviation and a horizontal deviation of
L6 feet., The south hole took a dip somewhat larger then the intended
7 degrees below the horizontal and deviated transversely about the
same amount as the north hole. As the two overlapped by about 90 feet,
they provided a complete record of all rock formations inside the
mountain.

SLIDES 9, 10, 11, 12

In the portal areas, below the longitudinal borings, a series
of vertical holes were used to complete the information. These were
partly rock borings and partly cased holes through the loose over-
burden.



SLIDES 13, 1L, 15

It is interesting to note that, for about 600 feet at the
south end, these barings indicated difficult rock formations,
ma nly badly seamed shale., They also gave warning that between
these shales and the quartzite there would be & short stretch, s
scam of maybe 20 to 30 feet, of badly disintegrated rock, probably
heaviiy water-bearing. Construction has not yet reached this spot
but 211 precautions have been taken to cope with the problem.

The north heading hes been advanced about 2000 feet with
rock conforming to that indicated by the boring, although
requiring more steel supports than had been anticipated,

In conclusion, I would like to state that in both of these
pro jects the results have more than justified the expense of the
ratner extensive boring programs. I believe the impor tance of
thorough soil investigations for any construction project, whether
highway, bridge, or other structure, cannot be stressed too much,
It will pay off in the quality of bids received and aveidance of
arguments with contractors,

57
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SOME ASPECTS OF AERTIAL PHOTOGRAPHS
by C. R. McCullough

Civil Englineering Department
North Carolina State College

Raleigh, N. C.

The purpose of this paper is to acquaint the reader with
the general topic of aerial photographs, some of thelr physical
characteristics, the technique of identifying soil types from air-
photos, and some of the recent development in the engineering
spplication of these technlques.

It is 1lnteresting to note that aerial photographs, in
themselves, are not new, As a matter of record, the first successful
aerial photograph was recorded as early as 1858, This first airphoto
was made from a balloon at a height of 262 feet and depicted a suburd
of Paris, France. Four years later, in 1862, airphotos were taken
from a balloon near Richmond, Virginia, and actual planimetric maps
were prepared from these photos. It remained for the invention of
the 2irplane and the mllitary applications of World War I to provide
the first real impetus to the development of improved aerlal cameras,
films, and processing techniques. Since that time literally milllons
of square miles of the earth's surface have been photographed. The
United States Air Force alone has photographed over one-half of the
earth's land area, 28,000,000 square miles, in black and white film.
By the end of 1954, more than 95%, or better than 3,000,000 square
miles of the United States had been photographed. The vast majority
cf this area was photographed for the Department of Agriculture under
their crop measurling program which began in the late 1930's. Accord-
ing to the latest information available about 75% of the United States
has been photographed more than once. At the present time, the
largest area of the United States which has not been photographed
consists of the western desert region. This desolate, non-populated
area has, thus far, presented no economic justification for aerial
photographing.

Coming closer to home, by December, 1954, the state of
North Carolina had been completely photographed with the exception
of a very few miles in the extreme western portion of the state along
the Tennessee border. Specifically, this small, unphotographed area
is located in the northern part of Swain County. More than 90% of
the state has been re-~photographed at least once because of changes
in land culture or other changes on the ground.

The governmental agencies under whose auspices these photo=-
graphs weré taken include the Production and Marketing Administration
and the Soill Conservation Service of the Department of Agriculture,
the U. S. Geological Survey, Tennessee Valley Authority, U. S. Air
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Force, U. 8. Coast and Geodetic Survey, and the U. S. Army Corps

of Engineers. Other ageéncies with important photographic holdings
in the United States include the U. S. Forest Service, the U, S,
Bureau of Reclamation, various state agencies, and some commercial
organizations. The photographs held by these agencies are generally
readily avallable upon request.

One might easily wonder, "how much area does each aerial
photograph cover and how much do they cost? 1In answer to the first
part of this question, the area covered by -each airphoto depends, of
course, upon its scale. The scale of the airphoto, in turn, is
dependent upon the altitude at which 1t was taken and the focal
length of the aerial camera. The ma jority of the Department of
Agriculture airphotos of North Carolina are 7™ x 9" op o" by o
contact size and are at a scale of about 1:20,000 which is about
3" to 1 mile. This means that each 9" x o® photograph covers
approximately 9 square miles. The cost of aerial photographs varies
from 50 cents to $1.00 per print depending upon the type of paper
specified and on the number of prints purchased. As an example
of the cost of airphoto coverage of a large area; for a county 20
miles wide and 20 miles long it would reguire about 300 airphotos
each being 9 x 9 and having a scale of 3™ equals 1 mile to cover
the entire county. The cost of 300 airphotos would be approximately
$150.00., Because of the amount of overlap between each photograph
along the line of flight and between each flight line, complete
coverage could be obtained by ordering only alternate prints. To
permit the use cof stereoscopes to envision the third dimension or
relief of the area, however, it is necessary to purchase every photo-
graph rather than alternates. The cost figure of $150.00 given
above is based on the purchase of every photograph along the flight
line. It has been estimated that stereoscopic coverage for an
&rea the size of the State of Indiana would require the purchase of
about 25,000 contact prints at a cost of about $12,000. This
figure is small indeed when one realizes the many and varied uses
of airphotos and the voluminous amount of detall engineering in-
formation obtainable from them.

With this brief introduction to the airphoto let us now
examine its potential uses. It may be stated that the uses of
aerial photographs have become so many and so varied that it is
difficult to pick any one of their functions as being the most
Important. A few of the more promising fields, other than military,
in which airphotos serve as a valuable tool include: city, county
and regilonal planning; United States Department of Agriculture Surveys,
S0il Conservation pPlanning programs; timber surveys, wild 1life
surveys; preliminary geological and soil reconnaissance; and highway
and alrport engineering. Under the one item of c¢ity, county and
regional planning the uses of airphotos and maps prepared from them
might be outlined as follows: (1) preparation of zonlng maps,

(2) location of property lines, (3) preparation of land use maps ,
(4) planning of emergenc housing, (5) planning of long-range re-
development projects, (6) simultsneous traffic counts and traffic
flow studies, and (75 preparation of tax and assessment maps. In
regards to the latter type of map prepared from aerial photographs,
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one county in Pennsylvania reported ™A reasonable estimate, based
on the experience inaugurated in the county, and ocn our experience

in the handling
two moriths ¥ 2xp
disgover ah les

of properties acquired at tax sales, and our past
erience with the air photographs, iz that we will
st 2,000 properties that are not paying taxes atb

the present tims (as compared with 25,000 which are assessed).”

K

The I

major importanc
are frequently

seation of highways and airportas iz a problem eof
e and new uses for aerial photographs in this field
being discovered. Mr., E. T. Gawkins, Deputy Chief

Engineer, New York State Department of Public Works, has this to

sav: "We have
of our highways

only begun to utilize this modern toecl in the design
o It is reasonable to expect that its effectiveness

will irsrease to a degree that we dare not now predict,?

. The s
up=to=date aeri
value in two wa
route, and (2]

tate of Massachusetts reports "= = = large=scale

al photographs of proposed highway lccations are of
ys: (1) to help insure selection of the ophtimum
to reduce the cost of engineering.”

> Massachusetts report also lists seven nobte-worthy

e
advantages of aerial photographs in their highway planning.

Briefly these a

New J
and surveys in
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{2
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re as follows:

Location of granular material can be determined from
aerial photos.

Presents a complete inventory of surface features,
Much easier to read than maps.

Scale of air photos is three to six times larger
than existing maps.

Before and after pictures of highway construction are
valuable exhibits in damage suits,

Property acquisition is simplified and expedited
when aerial photos are available,

Cost of location surveys is reduced,

ersey has outlined the advantage of aerial photographs
highway work as follows:?

Can become an indispensable adjunct in the preparation
of soils data,

An aid in the study of alternative alignments as well
as in selecting a preliminary slignment for new routes,
Can be profitably employed in the design of such
projects as underpasses, overpasses, interchanges and
traffic separations,

Can be utilized in laying out the alignment of new
parkways.

Valuable in locating and determining the nature and
limits of landscaped borders on proposed parkways,
Clearly defines property lines.

Possesses a very real value for display purposes,
Disclose where new routes serving to relieve traffic
may also remove blighted areas,



Use of
, Geologie
Phase of Study Principles
i1, Preliminary Investigation
a, Office study X
b, Preliminary reconnaissance X
¢, Planning of field study X
2, Field Investigation
a, Surface survey x
b, Sub=-gurface studies X
(1) Avger drilil X
(2) Core driil X
(3) Geophysics X
3. Analysis
a, Assimilation of fiesld data X
b, Laboratory testing X
c¢. Theory of landslide:devalppment X
(1) History of the area X
(2) Existing conditions X
(3) Contrivuting factors or
causes X
(4) Probable stability of the
area X
d. Method of treatment b4
(1) Type of movement X
(2) Motivating forces x
(3) BResisting forces X
4, Solution
2. Empirical X
(1) Degree of certainty
based on experience X
(2) Cost estimates b4
b. Analytical X
(1) Stability analyses for
relative stability b &
(2) Cost estimates x
c. Degree of certainty vs, cost
relationships x

TABLE I
HIGHWAY LANDSLIDE PROBLEM

X - Major x - Minor

Use of
Engineering Primary
Principles Influence

M b4 B

MM MMM

PAPAM PP D MMM M

P PP PP M

Combined

Engineering
Geologic

Combined
Engineering
Geologic

Engineering

Combined

Engineering

Engineering
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In addition to these many uses of aerial photographs in
highway engineering, the strip-mapping of highways at low altitude
results in an accurate and permsnent record of highway performance
characteristics,

Closely allied to the problem of highway engineering are
the problems confronting the alrport engineer. Many of the uses of
airphotos discussed in the 1light of highway engineering apply equally
as well to airport location and design. Naturally, a realization
from airphotos of the general engineering characteristics of the
soils present, the existing drainage, the accessability, and topo-
graphy of a proposed alrport site are of immeasurable value to the
airport engineer,

One of the primary advantages of using aerjal photographs
for highway engineering purposes lies in the fact that detailed
soll maps and detalled drainage maps cannot be made by any other
existing method at a comparable cost or made as efficlently from
the standpoint of time.

When interpreting and predicting soil types from aerial
photographs, the trained observer is interested in what has been
called the "natural™ or "soil" pattern reflected by surficial
markings on the earth. In cultivated regions the first impression
of the casual observer is that of a surface covered with a checker-
board field pattern and other man-made features. In a heavily
forested area the first impression is of a region carpeted with
vegetatlion and in an arid desert region one is apt to gain the
Impression of a complete absence of any recognizable features,
However, regardless of climate, vegetation, location, or man's
influence, to the experienced interpreter who subjects the air-
photos to a careful study, there is another pattern distinct from
the’superficial vegetative pattern. This pattern is that created
by the forces of nature, Through detaliled study and proper evaluation
of this natural pattern, soil and bedrock studies and mapping can be
accomplished accurately,

Particular use 1s made of inference by the airphoto inter-
preter. No doubt, most of you have observed that the rooftops of
certaln houses following a heavy snowfall were completely snow=
covered, while the snow on the roofs of ad jacent houses had com-
pPletely melted except that on the overhanging eaves. The obvious
and correct infereénce or Interpretation is that the houses whose
roofs were completely covered with snow had been provided with
modern insulation while the houses upon whose roofs the snow had
melted were not insulated. A similar, although somewhat more com-
plicated reasoning process when applied to surface features of the
earth as depicted by airphotos will yield much information concerning
the subsurface cohditions which would otherwise be unobtaihable from
the airphoto,

The factors that the soils interpreter uses in girphoto
interpretation are Jmown as "elements™ of the soil pattern. These
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natural elements of the soil pattern compose the visible evidence -
in aerial photos of certain natural processes acting on the surface

of the earth from the origin of a soil deposit to the present time.
This sequence of events and the proper evaluation of these events

are based on the principles of geology, physiography, gecmorphology,
pedclogy, and climatology. Stated in different words, this means

that the logical reasoning of how a particular soil deposit originated
and the proper evaluation of the effects of natural forces, such as
erosion, weathering, and others which act on that deposit, provides

a foundation for successful soil predictions and engineering
evaluations from alrphotos,

The basis for the validity of soil and rock predictions
from serial photographs is that soil and rock patterns are repetitive
in nature, This means that any two materials derived from the same
z0il or rock parent material or deposited in a similar manner, both
having undergone the same weathering conditions; under the same
climate, and both occupying the same relative topographic position,
will have similar profiles, similar engineering properties, support
the same native vegetation, and will exhibit the same airphoto soil
patterns

It would appear reasonable that the natural elements of
the soill pattern ares land form, reglonal dralnage system, gully -
systems and cross-sections,; erosion features, soil color tones,
vegetation, man-made features, and many others of a special nature
which result from some inherent quality or characteristic of the
material.,. The element of man-made features is included in a list *
of natural elements because the dictates of climate; topography,
and solls generally govern man's land use practices.

Let us examine briefly a few of the more important elements
of the airphoto soil pattern. Generally, the most important pattern
element 1s the land form, This element includes topography, topo-
graphic position, general shape, and local relief, Often an area
or deposlt can be identiflied on the basis of land form alone., As
an examples the crescent shape dune is easlly distinguished on the
airphoto on the basis of shape or land form. When this particular
land form is noted we immediately reallize that the soil is a uniformly
graded, fine to medium size, clean sand. To the interpreter who
understands a few of the basic principles of physical geology, the
element land form classifles a deposit and limits the type of
materials to be expected.

The element, dralnage pattern, 1s perhaps the second most

important element. Agaln, as in the case of land form, the soll -
type in a few Instances can be identified solely on the basis of the
type of drainage pattern in the area, To 1llustrates 1in areas of
flat-1lying soluble limestone bedrock, the drainage 1s confined to
sink™ holes through which surface drainage waters pass on their
way to underground drainageways. S8Sink holes occur only in this type
of material ; thus, we are able to identify the material on the basis
of the drainage system. In the general case, however, the drainage
pattern 1s used as a means of eliminating certain materials rather
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than as a means of positive identification.

Soll textural properties and soil profile development can
cften be iInterpreted from the gully system and the individual gully
cross=sections. Deep uniform soils are reflected on the airphoto
by uniferm gully gradients, cross-sections, and regularity of gully
systems, As a general rule, the finer the soil texture the flatterp
and softer are the gully side slopes and shoulders,

The s0il color tone is another of the more important soil
pattern elements. Soil color tones should not be confused with
vegetatlve color tones. 1In general, light-textured and well drained
soils photograph light in color and conversely, heavy-textured,
pcorly drained soils photograph medium gray to black,.

At present time we are equipped at North Carolina State
College to predict and evaluate engineering soils from aerial
photographs and to prepare maps depicting general engineering soils,
locations of suitable bérrow materials, alternative alignments of
highways, and other features of interest to the highway and airport
engineer, We are also equipped to produce detailed surface drainage
maps .

It is our sincere wish to be of assistance to interested
engineering and planning agencies in this state and it is also
to be hoped that they will take full advantage of these services.,
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NEW DEVELOPMENTS IN THE STUDY OF LANDSLIDES

by Edwin B. Eckel¥*
Chief, Engineering Geology Branch
U. S. Geological Survey
Denver, Colorado

The engineer and the gologist who works with him are interested
in landslides because their job is to build and maintain safe, econ=-
omical, and useful structures on the earth's surface. A landslide,
unforeseen or improperly provided for, may destroy their structure or
impair its usefulness. Such a landslide may mean death to people
who have trusted the structure; repair of the structure will most
certainly cost money. Even an insignificant little slide, sloughing
off into a roadside ditch, may wreck an automobile; or if it is
continuous, it may in time run up enormous maintenance costs.

Like any other branch of the pursuit of knowledge that we call
science, the study of landslides is a continuing operation. What we
know about them today is the sum of facts that have been gathered in
the past; what we are investigating about them now is based on, and
an extension of, what we already know.

To present the state of knowledge of landslides adequately, or
even to discuss all of the current investigations on them, is a far
bigger job than can be accomplished in a brief talk. Instead, T
intend to summarize the facts on these subjects as briefly as I can,
and to do it largely by abstracting a single book. Later I will
mention a few specific examples of noteworthy landslide investigations.

Aware of the great importance of landslides to the highway
engineer, the Highway Research Board in 1950 set up a Committee on
Landslide Investigations, giving it a very broad charter. The
committee membership was intentionally drawn from a wide geographic
range, it included soils engineers and geologists in about equal
proportions, and it included representatives of state highway,
governmental, and educational institutions. Several of its members
are here today.

The first work of this committee was to sponsor compilation and
publication of a bibliography on landslides, published in 1951 by
the Highway Research Board. Then, little realizing what it was in
for, the committee decided to compile a reference volume that would
attempt to bring together all that the common or garden highway
engineer should know about landslides. After many trials and trib-
ulations, and after a questionnaire that troubled many of you, I'm
sure - and to the great suprise of many of us - the manuscript of
that book is now complete. Called "Landslides and Engineering
Practice," it is now ready for transmittal to the Highway Research
Board and should be published in the near future,

*Publication authorized by the Director, U.S. Geological Survey
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Perhaps it is unfair to ask you to take your time in listenting
to the prepublicen advertisemen: of a book., But, this book covers
virtually the same subject as that of my talk, It attempts to
sumnarize for the first time 1a English, the present state of
knowledge on landslides, with particular reaference to the engineer's
problems in contrelling cr correcting them.

The first part of Laandslides and Engiueering Practice, called
Definition of the Prcblem, starts off with an intrcduction that tells
how and why the beock was put together, Tnic is followed by.'a chapter
that brings together what is known of the costs of landslideg and of
the laws and court decisicns that bear on iandslides and the damage -
caused by them,

The average vearly cost of landslides in the continental United
States runs to hundrede of millions of dollars. This money, paid out
every year by taxpayers and private companies, includes not only the
direct costs of corrections and repairs of damage.caused by landslides,
but aliso very large sums for such items as delays of traffic, interrup-
tions of service and c¢laims for damages.

Highwars, rallroads, and public utilities as a group receive the
greatest direct damagzes, but even herc, full cosfs can be assessed
only in individual cases. Heavv losses are also sustained by local
governuenis znd homeovmers in some cities, In parts cof the country .
very severe losses are involves in destruction of farmlands, resorts,
and homes, particuiariy alonyg rivasrs and lakes where uncercuttiag
and slipping occurs. The damsgus in these categories are extremely
difficult to evaluate, tut they =ce obviously large. -

Among the highway departmenis, one state reported annual costs
of move thnan $1,000,000, threse states berwsen $500,000 and $1,000,000,
one state $250,000 to $500,000, five states $100,000 to $250,000, six
states $25,000 to $100,000 and eleven states less than $25,000.
These figuies avnly wvery lavgely to mainteanance costs, becsuse costs
of reconstruction asnd damage claims are not usually accessible, In
fact, the figures reported are prcbably low even for mailntenance costs,
because many highway Jdepariment accounting methods are not such as
to fuliy disclose malutenanuce cocte that are directly related to
landslide problems,

Few legal precedents have been established to guide the couzts
in determining responsibiliiy for landsiides cr in assessing the
damages caused by them, This dearth of specific icws and legal
decisions 1is perhaps due to two rain factors - many, if not most,
cases that involve private companies are settled cut of court; most
caoses against State or Federal Agencles are settled out of ¢ourt or k
the public agency exoncises 1ts scverelgn right of refucal o consent
tc be sued,

The scattered and somewhzt conflicting facts as to actual court
decisions as well as the practicas of various state highway depart-
ments sre summarized in the chanter. In addition, it centains brief
discussions as to the legal responsibilities of the engineer who
works on reports on a slide, on the legal meaning cof warning signs,
and on foning laws cf some citiles that are specially plagued by siides.
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The next chapter of the book is called Landsliide Types and
Processes. It is essential to an understanding of the whole subject,
for unless we understand the crigin of a slide we hardly know where
to begin in planning methods of dealing with it, Perhaps the most
significant contwibution in this chapter is a new classification of
landslides (in chart form) that is, we belileve, a considerable
improvement over older clasgifications, This chart, several copies
of which are on display, classifies slides primarily as to type of
movement = falls, slides, and flows - and then as tc size and type
of material that is involved - whether bedrcock ox solls, and whether
coarse or fine grained., Differences in water content in the slide
material are also taken into account.

The classification is as logical as it is possible to make it;
with the descriptions and sketches that it contains we belicve that
identification of any natural slide with one of the types on the
chart should be relatively ecasy.

This chapter also outlines the principal factors that cause
landslides. These fail into two main categories - those that con-
tribute to high shear stress and those that contribute to low shear
strength. These two factors appear again and again as the prinecipal
and strongest threads involved in weaving together the stopy of any
landslide problem,

The next chapter sums up the methods and techniques that are
used in the recognition and identification of landslides, It makes
sharp distinctions between the cvideace for actual slides that have
already taken place and potential slides -~ those that may or will
take place in the future, depending on future construction and other
factors, The criteria used for identifying landslide types, and for
fitting specific siides inte the classification scheme, are developed
rather fully, '

Primairily because it represents one of the most modern and
promising dcvelopments in the study of slides, the subject of air-
photo irterpretaticns is reserved for a separate chapter, Aided by
a series of sterecpairs of airphotos, its author describes the
evidence for actual or potential slides in various types of terrain
ir terms that can be appliad by almost anyone who is blessed with
sterecvision. We do not »retend that 2ll landslide problems can be
solved by study cf ailrphctos, but we dc believe t{hat we have here a
new tool, whicih ir conjuaction with other methods, can aid greatly
in understandiang slides and in decigning plans to combat them,

Next ccmes 2 chapter on field and laboratory investigations that
are needed to collect the data that must be used in reachlng decisions
as to the kind of engineering treatment required., It describes the
topographic, geolcgic and soills maps that may be needed, the sub-
surface investigationsz, and the scil, mineralogiec, and weathering
tests that may be made in the laboratory. Above all, it makes
distinctlons between the scope of investigations that are uneeded to
soclve a small slide problem and those for a major slide, one that may
cost many thouzand dollaxs for correction and ﬂence desexrves a thorough
investigation, even though that 1s very expensive,
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The second half of the book, which we call "Solution of the
Problem, " consists of three main chapters plus a brief look into
the future. Two of these contain the meat of the entire subject -
prevention and correction of landslides. The third is on stability
analyses and their use.

All the methods known to the committee to be useful in prevention
or correction are described. So-far as possible they are evaluated
carefully and are related to the landslide types for which they are
most applicable.

O0f the many methods for prevention or correction of slides, the
most certain one is avoidance - to go around or over the slide aresa.
Economic or other reasons may make this method infeasible. All other
available methods must treat one or both of the two principal causes
of slides. That is, they must seek to decrease the shear stress in
the materials or to increase their shear resistance. Some methods,
like subdrainage, accomplish both objectives at the same time. Others
such as partial or complete removal of material, tackle the problem by
decreasing the shear stress. Still others, such as restraining
structures of all kinds, do it by increasing the shear resistance of
the materials.

Nearly all slides can be corrected or prevented by one means or
another. The most effective means is the one that takes full account
of the nature, history and geologic causes of the slide. Beyond this,
the choice of method and its design are almost entirely questions of
economics,

The chapter on stability analyses and the design of control
structures presents the mathematical and graphic methods that can be
used in analyzing the stability of a landslide mass, in designing
specific corrective measures, and in comparing the safety factors
that should be produced by different corrective methods. Perhaps its
most unique feature is that the reader is led step by step through the
entire set of computations instead of having to be content with a set
of formulas and the summaries of their solutions.

Naturally I'm prejudiced, but I believe that the book Jjust des-
cribed is one of the more significant new developments in the study of
landslides - at least so far as the highway engineer is concerned.
Another recent development that has at least as much promise is the
formation of a Subcommittee on Canadian Landslides under the auspices
of the National Research Council of Canada. Unlike its American
counterpart - and doubtless because it is smarter - this committee is
not writing a book. 1Instead, it fosters research on specific land-
slide problems, by searching out the problems most in need of study,
by delimiting such problems and by stimulating actual studies of them
by the most qualified individuals available.

I have neither time nor knowledge to mention all other current
research on landslides here. As samples of what :s going on, however,
I would like to describe a few projects with which I am acquainted.
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The Swedish and Norwegian geologists and solls men are continuing
their fundamental research in the study of ''quick' marine clays -
those thixotropic materials that suddenly turn from solid to liquid,
often with disastrous results, Faced with many serious slides of the
same type in the St. Lawrence Valley, the Canadians are also doing
much work on quick clays, There are st1ll differences of opinion,
but the causes of slides in quick clays seem to be fairly well worked
out, Almost wholly untouched, however, are answers to the problems
of prediction and prevention of slides in the marine quick clays.

Several Japanese soils technologists are doing excellent work
on landslides in their country. It is to be hoped that their promising
results on prediction, agd on correlation of laboratory shear and
other tests with field behavior, will become more easily available
to us who can read only English,

The U, S, Geolegical Survey has no comprehensive program of
investigating landslides, but much of its work deals directly with
them or produces basic scientific data that can be used in under-
standing them, Many of the Survey's geologic maps deliineate land-
glide areas in greater or less degree, for instance., Some of them
diffeventiate beitween active aad inactive slide areas and some
Geological Survey maps and reports contain dgtailed descripticns
of the slides and their causes. Much fundamental work is being done,
also, on identification of the clay mineralg, on the basz exchange
properties of clays, and on the physical, petrologic and chemical
characteristics of geologic materials that are subject to sliding
in many parts of the country.,

In addition te these general kinds of information that are
gathered by the Geological Suxvey, we have g number of projects
aimed at studies of specific slides or of specific slide problems,
Thus, we have recently completed a long study of the landslides along
the shores of Lake Roosevelt, behind Gxand Coulee Dam, The sands,
silts and clays aleng the Cclumbia River Valley have apparently been
sliding ever since they were deposited in lakes or by glacial streams,
The backing up of water by Grand Coulee Dam, however, and the rapid
changes in lgke level caused by drawdowns for pcwer purposes, have
caused hundreds of siides, come of them enormous, to develop during
the past dozen years, Because the slides were so numerous, and were
all rather similar in geology and enviromment, it was possible to
study them by the methods of statistical analysis. This is the first
time, we believe, that statistical analysic has been applied to
landsiide investigations, The results are encouraging, Whether
these methods can be epplied to other landslides in other environ-
ments remains to be seen,

Lnother Geologileal Survey project now in progress has to do with
the effect of a rising water taole on slldes in a relatively water-
tight shale, 7The lake behind the Fort Randall Dam on the Missouri
River 1s gradually covering, and saturating, a ceries of shales that-
are noted ior their landsiide propencities, By means of detailed
ﬁeologic mapping and by a series of special piezometers set in drill

oles dt varying distances from the lake shore we hope to correlate
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the incidence of future slides with rise or fluctuations in ground
water leveis. This is necessarily a long-continued study; if its
results are conclusive we will have a new tool for predicting slides
in similar environments elsewhere,

Still another Goological Survey project that bears mention is
that along the Pacific Palisades, in western Los Angeles. Because
this is a highly developed residential area, even a small slide there
can prove expensive - the fact is that many of the slides there are
enormous, as is the expense in loss of roads, utilities, and palatial
homes. To make the future ceem even darker, Los Angeles has had few
really bad rainy ceasons since the post-war building boom reached the
Paciflic shores. When the rains do come, landslide troubles will be
multiplied many fold. There are no readily apparent or economical
means of preventing slides there, and few of correcting them, Our
efforts are chiefly aimed, therefore, at delineating actual and
pctential slides so accurately that the results can be used in zoning
the iend, and in other engineering decisions of similar nature, For
self protection, as well as to provide important basic data on the
cause and character of the slides, the geologist in charge is basing
his maps of actual slide areas on well-documented evidence with exact
dates of movement and with thz outlines of each successive slide
plotted accurately on large seale maps.

Now, a few words on what we still need to know about landslides.
We have a workable classification of landslides; the processes that
cause them are well understood; we know dozens of methods for pre-
venting or correcting slides; we know, at least in general terms,
where slides are most likely to occur, in what parts of the country,
and in what kinds of rocks and soils,

What do we rot know? It seems to me to boil down to this - we
need to know much more sbout when and where the next slide is going
to occur and we uneed to know more exactly what treatment to apply to
a given slide, potential or actual.

To answer these needs is not a simple job, but it can be done if
enough engireers and geologists realize the economic importance of the
landslide problem, make opportunities to study it, and record their
resultsg,

We need many, many more siudies of actusl siides -~ not simply
descriptions of their size and shape and the damage they did., To get
much farther with our understanding of slides these descriptions must
include detailed records of the physical properties of the scils or
rocks that were involved, detailed histories of the movements that took
place, and enlightened inquiries into the causes of movement, With
this kind ¢f facts we can gec a long way in comparing slides and in

extrapolating the knowledge thus gained to the solution of new slide
problems.
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Finally, we need to record mahy more of our failures as
engineers or geologists, The literature is full of descriptions of
preventive or corrective methods that were successful. On the other
hand, records of imstallations that failed to do the job expected
of them are notably lacking, MNobody enjoys publicizing his mistakes,
of course, but just the same there is little hope of improving our
knowledge of how to handle iandslides until we are able to study
and compace the case histories of methods that have failed with
those that have been successful.




GEOLOGICAL INFORMATION IN PENNSYLVANIA FOR THE HIGHWAY ENGINEERS
By Carlyle Gray
INTRODUCTION

When first asked to give a paper at this symposium, the author's
reaction was that he had so little experience with the application of
geology to highway engineering that he had nothing to contribute., On
gecond though, however, it appeared that a useful purpose might be
served by a discussion of the sources of geological informationm.
Persons not working regularly in the field of geology are generally
not familiar with the various types of geologic reports and the
various ways in which they get published., This paper will review
some of the categories of geologic reports and attempt to indicate
both their availability and possible usefulness to the highway
engineer, Particular attention is given to Pennsylvania, but much
of what is said would hold true in other states as well.

GEOLOGICAL REPORTS OF USE TO THE ENGINEER
General Statement

Geological reports come in many forms, shapes, and sizes, There
are four principal categories which will be of particular interest to
you as engineers., They are:

1) Areal geologic reports and maps, usually quadrangle or county
reports.,

2) Stratigraphic reports, which deal with rock formations or groups
of formations over some specified area, usually presented with
only general geological maps as illustratioms.

3) Economic, or mineral resource reports, devoted to detailed study
of a mineral deposit, or regional study of the occurrence of a
particular resource,

4) Groundwater reports, geology and hydrology or groundwater
occurrence,

5) Miscellaneous subsurface information., Well logs, cutting
descriptions, subsurface cross sections.,

Areal Geologic Reports

Areal reports are general geologlc reports of a given area,
intended to serve the needs of as many different users as possible.
Gecgraphic units covered gre commenly cotnties or l5-minute quad-
rangles. Since 1900 most or all geologic reports have contained maps
prepared on a topographic base. The 15-minute quadrangle, (15'
latitude by 15' longitude) topographic map series of the United States
Geological Survey has therefore frequently served as the unit of area
mapped. These maps are therefore usually on the 1:62, 500 scale; that
is, about one inch equals one mile. In recent years, topographic
maps on 1:24, 000 scale (one inch equals 2,000 feet) have become
available, and the near future will bring publications of areal
geologic maps on this egale,
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A geologic map shows the distribution of rock formations. The
usefulness of the map to the engineer will depend on kis understanding
of what the formations are, A formation is defined as a mappable unit;
that is, a rock mass that has characteristics which can be recognized
in the field as distinguishing it from adjacent units. The formations
mapped in Pennsylvania are usually bedrock units, but a few maps show
surficial geology in glaciated areas. It is possible to have both
surficial and bedrock geological maps for a single area., From the
engineering point of view, a formation may- comprise quite a variety of
rock types, or on the other hand, a series of several formations may
be quite homogeneous as fax as the needs of a particular project are
concerned, For example, the Allegheny formation consists of a
variety of rocks including beds of coal, shale, clay, limestone, and
sandstone, while the Tomstown, Elbrook, and Conococheauge formations
of the Chambersburg area are all limestones and dolomites, practically
indistinguishable to any but the most practiced eye. A good areal
report will therefore have a text accompanying the map which describes
the formation units in detail. Through study of the text, the
engineer can learn which of the formations will require further
breakdown, and which can be lumped together,

In other words, a geologic map is &n abstraction of nature
that must be interpreted by each user to suit his own needs. As an
illustration and guide to the engineering information which can be
obtained from an areal geologic report, the United States Geological
Survey has prepared a folio entitled '"Interpreting Geological Maps for
Engineering Purposes.,' Fortunately, from our point of view, an area
in Pennsylvania was chosen to serve as the example; the Hollidays-
burg Quadrangle, from the Huntingdon-Hollidaysburg Folio (Butts, 1946).
With only limited field check, the following were prepared from the
published map and text:

1) Mﬁp showing foundation and excavation conditions throughout
the &rea.

2) Map showing distribution of construction materials,

3) Map of groundwater supply conditionms.,

In addition, a sheet was prepared giving examples of engineering
problems and how the meps were used in the solution of the problems.,
The report is well worth a careful study by anyone active in
engineering geology.

In Pennsylvania there are only two important sourees of areal
geologic msps: the gublications of the ‘State Geological ‘Survey and
those of the United States Geological Suxrvey. The State Geological
Survey issues a .list of publications and an index map ‘showing the
location of all .areas (counties and quadrangles) covered by geologic
maps and reports. All "in print" publications are shown, as well as
most out-of-print reports published after 1900, This list is a good
starting point or running down geological information on given area.
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The Pennsylvania State Geological Survey divides its publications
into several types, depending on content., The geologic atlas, or A-
series bulletins are quadrangle geologic reports with maps on a top-
ographic base. To date all mgps are at the one-inch-equals-approx- .
imately~one mile scale, thougsh some reports now in preparation will
contain larger scale maps. These bulletins also ccntain complete
written description of the geology &nd mineral rescurces of the area.

The C-series bulletins are County reports. These usually contain
a l-=inch~to-l-mile geologic mzp of the entire county and a full written
text. In some cases, the geology is a compilation and revision of
previous quadrangle mapping, and in others a county was mapped as a
unit from scratch.

The PR, or Progress Report-series, contains some preliminary
geologic maps, printed in just one or two colors, accompanied by brief
expalatory text. In this way preliminary data can be made available
several years before conpletion of the detailed report.

The United States Geological Survey publishes quadrangle
geologic reports as Bulletins, Professional Papers, Folios, and in
recent years as Geologic Quadrangles. The Bulletin and Professional
Papers reports are very similar to the A-series reports of the State
Geological Survey. The Folio series, now discontinued, consisted of
a large, folio size, publication, with several maps and several large
pages of explanatory text. Many of these old folios are fine
publicatircs with various special purpose maps in addition to general >
geologic maps. The folios have been replaced by the Geologic
Quadrangle series which consist of a single, colored geologic map
faced by a sheet of text, similar in content to the text accompanying
the Pennsylvania Survey preliminary maps. '

Modern Quadrangel and County reports have been published for
about one-third of the area of the State. They are the most important
source of genlogic maps. Other sources of geclogic maps include:

1) Reports of the Second Geological Survey of Pemnsylvania.
The Second Survey prepared county geologic maps for every
county in Pennsylvania. Most c¢f the maps are a2lso sup-
ported by a texk., :None of the 33ps avre on topogxaphic base
maps and all are on scale smallers than 1:62,500, The map-
ping was all done between 1874-1895, a remarkably short
time in which tc cover the entire State, The formation
units are therefore usually rather thick and as a result
the maps are mcre geuneralized than are modern maps. In much
of the State, these maps ave stlll the best available, and
they are quite useful, They contaln remarzably few errors
ghatiare not the necessary result of lack of time to study

etails.

2) Economic reports and groundwater repcrts sometimes include
areal geologilc maps, or structural maps from which geologic -
maps can be derived. 7These are discussed in mcre detail
below.

3) Unpublished mps particularly student theses, and maps on
open file with thz staie or Federal Geological Survey. The
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Geology Department of Pennsylvaria State University partice~
ularly, ard other colleges such as University of Pittsburgh,
and Lehigh University, have on file numerous unpublished
theses., Scme of these contain manuscript msps, usually of
small areas. These maps sre usually of limited usefulness.
Nearly all govermment surveys have a form of limited public-
ation known as placing on open file, This mears that s report
which is not to be printed, is made availzble for inspection
at a Survey office. These reports are usually reports of
very limited interest and appgication, or reports which
because of lack of printing funds will not be printed in the
foreseeable future, When a report is placed on open file,
an attempt is made to notify the public and potattially
interestéd persons. Information on the availability.of
older reports can be obtained by writing to the Geologic
Survey in question.

Out-of-print reports can sometimes be bouvght from second-hand
book dealers. More often they must be obtained from libraries. Reports
of the Pennsylvania Geologic Survey are distributed to about 150 public
and college libraries throughout the State, and %» nearly 200 out-of-
state libraries. The United States Geological Survey also has a
number of libtraries in the State which are rcpositories for all of
their publications.

Stratigraphic Reports

A stratigraphic report is a specialized report giving particular
attention to the composition, nature, and origin of a rock unit or
group of rock units., It usually is regional in scope. It may cover
a eystem, such as the ''Devonian of Pennsylvania,’ or any other
convenient category of formations, The reports seldom contain
detailed maps, but usually contain regional maps that can be very
useful, Stratigraphic reports are of particular use to the engineer
as supplements to the information given in areal reports. If the text
of the areal report is full and detailed, it will contain essentially
the same information as a stratigraphic report. If the text is not
detailled, a stratigraphic report will be very useful in interpreting
the map. For example, it is sometimes possible to increase consider-
ably the detail of information gained by interpreting an old Second
Geological Survey map through the use of a modern stratigraphic
report.

Of particular use to the engineer, when available, are the
reports containing detailed descriptions of measured sections. These
are bed by bed descriptions of lithology (and fossil content) which
could be useful in msking preliminary studies for tunnels or rock cuts.

The sources of stratigraphic reports are similar to areal reports,
with the addition of the geological journals as an important source.

The Pennsylvania Geological Survey publishes most of its
stratiﬁraphic reports as G-series bulletins, an example is Bulletin
~19, "Devonian of Pennsylvania.'" Many of the economic reports
dealing with petroleum are essentially stratigraphic reports, although
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the emphasis is on sub-surface stratigraphy and the usefulness to
the highway engineer may be limited. Preliminary results of strati-
graphic studies are to be found in the PR-series. Stratigraphic
publications of the U. S. Geological Survey appear as Bulletins and
Professional Papers.

The geological Jjournals are important sources of gll kinds of
geologic reports except areal maps. (For areas outside of Pennsylvania,
particularly New England, areal reports have been published in journals)
The journals are published by the various scientific societies and
universities. Those most apt to contain articles on Pennsylvania
include: Bulletins of the Geological Society of America, Bulletins
of the American Association of Petroleum Geologists, Journal of Geology,
American Journal of Science, Proceedings of the Pennsylvania Academy
of Science, and Economic Geology.

Finding out whether or not an article has been published on a
particular area of subject can be an arduous task. Fortunately, a
number of aids are available in the form of published bibliographies.
Foremost is the Bibliography of North American Geology, published by
the United States Geological Survey. This is published as a number of
volumes, each covering a year, or span of years. A number of State
Surveys have published bibliographies dealing with the geology of
their state. New Jersey and Virginia both have published useful
bibliographies. 1In Pennsylvania, we are now in the process of
compiling such a volume. If a bibliography is not available, do not
forget that your State Survey will be glad to help you find the infor-
mation you need. We have in our library a card file which serves as
a very complete source of references.

Once a reference citation is found, the problem is to locate a
library with the journal on file. Libraries of all colleges and
universities that have geology departments should have most or all
on file. The Pennsylvania Geological Survey library, and the State
Library in Harrisburg have them. However, only large public libraries
are apt to have them.

Economic or Mineral Resource Reports

Reports dealing with mineral deposits can be either detailed
local descriptions of a mineral occurrence, or a regional description.
They are of direct value to the engineer when dealing with such
problems as land evaluation, or supply of construction materials.

They also are of indirect value as partial descriptions of the geology
of the area of mineral occurrence. For example, oil and gas reports,
while concentrating on subsurface information, usually contain a
structure contour map of a near surface horizon, or in some cases,
even a surface geologic map.

Sources of mineral resource reports are again the State and
Federal Surveys, and Geological Journals. In addition, reports of
the United States Bureau of Mines, and the College of Mineral
Industries bulletins are valuable sources of economic geology reports.



-6~

The Pennsylvania Geological Survey publishes mineral resource
reports as M-series bulletins, and as Progress Reports, Examples are
Bulletin M 20, "Limestones of Pennsylvania,” and PR 149, '"The Occur-
rence of Rock Salt in Pennsylvania.'

In addition to Bulletins and Professional Papers, the U, S.
Geological Survey issues mineral information in Circulars, Oil and
Gas Investigation Charts, and Coal Investigation Charts,

The U. S. Bureau of Mines publishes mineral resource information
as Reports of Investigations., The Bureau investigates, samples, and
frequently drills deposits of strategic and critical minerals in
connection with the Defense Minerals Program. The results are
gublished in brief form, with a minimum of interpretation. The data,

owever, may occasionally be of value in problems of land evaluation.

The publications of the Mineral Experiment Station of the College
of Mineral Industries here at Pennsylvania State University are quite
varied in their subject matter, Many of them, however, are mineral
resource reports and stratigraphic reports and are of the same type
of usefulnes as the reports of the State and Federal Surveys.

Ground Water Reports

Ground water reports describe the occurrence, availability, and
geology of ground water, They are of course of particular value to
the engineer when trying to locate a water supply. They should be
useful also when information concerning the water-bearing characteris-
tics of rocks and rock units is needed for design and comstruction of
tunnels and rock cuts, or in connection with the solution of land-
slide problems. As mentiomed before, Ground Water Reports also
frequently contain geologic maps not available in any other way.

The Pennsylvania Geological Survey conducts its groundwater
studies cooperatively with the Unit¢d States Geological Survey, The
results are published (with minor exceptions) entirely by the State.
Water reports are designated W-series bulletins, Six of these
bulletins are a unified series of reports, each covering one-sixth
of the State. The information given is an excellent general survey
of the State's groundwater resources. The data is largely of a
qualitative nature, and the approach is necessarily that of a
reconnaissance, Continuing investigations are being made of the
quantitative aspects of ground water,

Subsurface Information

Miscellaneous subsurface information is available which may
occasionally be of use. The Pennsylvania Geological Survey publishes
various types of well logs in its regular oil and gas studies, and
also well sample descriptions from deep wells as separate pamphlets,
These can be considered as supplementary stratigraphic information.
On open file at theveeolo%ic Survey offices are fairly extensive
files of drillers' logs of oil and gas wells. These usually have
rather sketchy or no geological information on the near-surface
horizon, although some indicate coal beds and thicknesses.
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Summary

Geological information of many kinds useful to the highway
engineer is available if he knows where to look. The publications of
the State and Federal Surveys are the most readily obtainable,
Additional information can be found in articles published in geological
and scientific journals. Unpublished material can be found in
university libraries in the form of student theses, and on open file
at the government surveys., Do not forget that your State and Federal
Survey gersonnel will always be glad to help you find the information
you neea,



BRIDGE FOUNDATION EXPERILENCES

By Hazxry J. Engel
Modjecki and Masters
Harrisburg, Pennsylvenia

The science of geology has haen of assistance in the design
of bridge and structure foundations, particularly in describing
the characteristics of certain rocks and soils which are encountered,
and in explaining why they act as they do under load, We under=~
stand, by the way, that in the science of geology ''soil' is also
classified under the general term "rock’’; and if we should con-
tinue to employ the tarm ""s0il" in describing certain materials,
it will be because cf the fact that the relatively new science of
""soil mechanics" aplies particularly to sand, silt and clay ma-
terials which compress or consoiildate noticeably under bridge loads.
Since many of our large bLridges have recencly been founded in such
un-rocklike materials, we are ianclined to uce the word ''soil" in
its general sense where it applies,

We expect to describe in this paper a series of foundations
which progress from actual rock, through decomposed rock to
silts and clays which have been formed by varying geological
histories. Since we are engineers rather than geologists, we
have necessarily had to consult with others to obtain these
geological histories, and we will usually note in this paper
the source of such geologic information.

Rock Bedding at Lehigh Gap

In the Lehigh Gap area of Pennsylvania, in the general area
of Palmerton, we are currantly designing a four-lane roadway to
replace present two-lane Penncylvenia Traffic Route 29, Where
Blue Mountain was cut through by the Lehigh River to form the
Gap, both a railroad and the new highway must run beside each
other on the east bank of the river in an area obviously restricted
by the steeply sloping rock wall of the gap. It is necessary,
therefore, to cut back into the rock of Blue Mcuntain to make
room for the wider road, and also to provide for a retaining wall
against the rock face, Moreover, in one stretch, where the road-
way passes between piers of an existing railroad bridge, the
available space is so narrow that a cantilevered upper roadway
is designed into this retaining wall and is anchored back into
the rock, as shcwn on the cross-section view,

It is now instructive to look into the geology of the region,
to cbtain which we had the valuable assistance of Dr. Carlyle Gray
of the Pennsylvania Bureau of Geologic Survey., The origin of
picturesque water gaps like that of the Lehigh River has been the
cause of much conjecture in the past; but the best opinion today
is that the river once flowed over a land surface about 1200 feet
higher, corresponding with the elevation of the top of the moun-~
tain, and gradually cut through the mountain over millions of years'



“De

time until it carved out the Gap. Thus the Gap is not the result
of a massive fault or cataclysmic earth movement, and any doubt
as to whether the cantilever roadway will be broken by a con-
tinuing rock movement is minimized,

Borings taken for the new work reveal that the rock in most
of this area of the proposed cantilever wall is a hard quartzitic
conglomerate, composed of quartz grains and pebbles cemented by
quartz, which has been identified as Shawangunk Conglomerate of
the Silurian Period, The downstream portion of the wall is found-
ed on hard shale of the Martinsburg formation, These rocks are
obviously suitable both for founding and for anchoring, provided
their stratification does not slope toward the river so that masses
of rock would slide diagonelly downward carrying the retaining wall
and cantilevered roadway with it, That the rock will not do so is
demonstrated by its geological history; for Blue Mountain itself
is the is the south limb of an eroded syncline with its axis
normal to the river and with a cubstantially level ridge crest.
Therefore, although its strata in the Gap can be seen din cross~
section to follow the curve of the syncline, the strike of the
bedding planes is normal to the proposed retaining wall, alleviating
a?y ﬁear of disastrous slips along bedding planes in the direction
of the river.,

Decomposed Rock at Tacony=-Pglmyra Bridge

What we have just discussed shows the assistance of geology
in determining the absence of major faults in rock and the deter-
mination of direction of rcck strata.

We will now leave rock in its customary sense to discuss
another Pennsylvania phenomenovn ~ "decomposed' rock as it is
found in the Philadelphia area.

In 1926, when we were makirg test borings fcr the Tacony-
Palmyra Bridge across the Delaware River at Philadelphia, using
the then conventional wash borings, the river bed was found to
consist of river mud immediately below the water, then hard
gravel and finally gneissic rock. When rock was encountered in
such wash borings, the churn bit would ring with the impact as
it struck the rock, and the cuttings brought to the top of casing
by the wash water would show small rock particles and mica flakes,
Toward the New Jersey shore, the penetration of this rock by the
drill bit was not quite so difficult, and the characteristic ring
would be absent during the drilling, but the materials brought
up by the wash water were the same mica flakes and quartz particles,
The driller described this material as ''rotten rock.'' The piers
were designed to be carried just into the rock surface. However,
when excavation inside cofferdams was completed for two of the
piers of this New Jersey side, and water had reached this 'rotten
rock' material, it softened noticeably, and it was found necessary
to drive pipe piles through it to the sound rock beneath in order
to make a sound foundation.
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Deccmposed Rock at Penrose Avenue Bridge

About twenty years lzter, when the Penrose Avenue Bridge
across the Schuylkill River in South Philadelphia was being de-
signed, the same phenomenon was enccuntered, but the investigation
was carried out under naturally more modern conditions. Test
borings were made in which a sharpened steel tube was driven into
the material to bring up representative samples unaffected by
washing water, and when sound rock was encountered, core samples
were drilled with a diamond bit. Cosrse ®and and gravel was
found in a thick stratum down to about El, -83, then decomposed
rock to about El, -104, and finally sound gneiss rock was pene-
trated. The decomposed rock could be sampled by driving into
it the sharpened steel sampler, with which specimens could be
brought to the surface. These samples were tested and were
found to comsclidate under load like clay. Since we had found on
the Tacony-Palmyra Bridge that it was not wise to expose this
material to water by excavating to it, it was decided to found the
two main plers well above it at El, =65 cn coarse sand and gravel
and to accept the minor pier settlements which would result due
to consolidation of this 20-foot thick underlying stratum under
bridge loads. Actually, thejpiers have settled less than an inch
by being founded above this softer decomposed rock in its natural
state.

This was done, however, only after learning from the Penmnsyl-
vania Bureau of Geologic Survey how this decomposed rock was
formed. Their explanation for it was as follows. The hard gneiss
rock was exposed at the surface and decomposed about 60,000,000
to 80,000,000 years ago, in Upper Cretaceous time when it was at
ground level and water leached through it over thousands of years'
time. The original gneiss rock contained quartz, mica and feldspar.
The feldspar was hydrated during ke leaching action and changed
into kaolin, a white clay. Thus this Jdecomposed gneiss rock ac-
tually contains clay and will consolidate under load, as the labora-
tory tests we had made indicated would happen.

Preconsolidated Clay at Walt Whitman Suspension Bridge

You will note that what we have just discussed is a rock which
behaves somewhat like a clay. Our next bridge, the Walt Whitman
Suspension Bridge over the Delaware River befween South Philadel-
phia and Gloucester, is a case wnere decomposed rock is also in
evidence at a great depth in the neighborhood of El, -200, with
sound gneiss below it, but where the two tower piers in the river
were founded at reasonable depths above it in a stiff red and white
clay. Several of our recent large bridges have been founded in
stiff clay, which consolidates somewhat under load but otherwise
serves very satisfactorily as a founding material. However, it is
alway desirable to investigate the geology of such clays, to deter-
mine whether there is any reason why they may have been precon-
solidated, for such geological preconsolidation is very beneficial,
In the case of the Walt Whitman Bridge, for instance, there was
evidence from the consolidation test results that these clays had
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been heavily preconsolidated in the past, and therefore the settle-
ments of about 7 - 1/2" which were calculated for the river piers

by reading directly from the consolidation curves could be consider-
ably discounted, and were., The piers have actually settled less
than an inch.

Here we investigated the geology of the materials by consul-
tation with the U, S. Geological Survey office then located in
Philadelphia, with the following results. The red clay at the
Philadelphia tower pier, which extends from about E1l, -100 to
El. -145 is of the Raritan Formation, Upper Cretaceous Age of the
Mesozoic Era, and has an age of approximately 80,000,000 years.
Probably the decomposed rock beneath it here is of the same
geological age. The sand and gravel and mica flakes underlying it
are part of the same formation, which is very flat in this area;
while the sand and gravel overlying El. -100 are of the Cape May
formation, of the Pleistocene-Pliocene Age of the Cenozoic Era, and
are much younger in geological age. Since the red clay 1is of Upper
Cretaceous Age, it has been subjected to the weight of younger stra-
ta which have subsequently been partially eroded, and therefore had
opportunity to be preconsolidated either by the weight of these
other strata extending well above it, or by being at the surface at
some time which would have presented the opportunity for drying out
some of its water and causing it thus to preconsolidated by shrink-
age.,

Glacier Deposits at Newburgh-Beacon Bridge

At this point, before referring to our next project, which is
in a glaciated area, it would be well to consider a geological time
scale for the more recent eras, based on a table in "Engineering
Geology' by Ries and Watson,

Geologic Time Divisions

ERA PERIOD EPOCH REMARKS
Recent 10,000 years ago ] .
Quaternary'"'{Pleistocene 1,600,000 years ago }Glac1a1
Cenozoic Pliocene
Miocene
Tertiary- —- . Oligocene
- Eocene '
| Paleocene 60,000,000 years ago

~

Cretaceous--{Upper

Lower
Mesozoic = Jurassic
I?riassic
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It will be seen from this time scale that the geologic events
we have been discussing are in the next erz olcder than our present
Cenozoic Era, since both the decomposition of the rock of the
Philadelphia area and the formation of the hard clay of the Walt
Whitman Bridge took place in the Uuper Cretaceous Age of the
Mesozoic Era. The next projent we wich to discuss ig the New-
burgh-Beacon Bridge over the Hudson Rivar, where glacial action
took place in the Pleistocenz and Recent Epochs of the Quaternary
Period of the Cenozoic Era, prcbably between 10,000 and 1,000,000
years ago. After that, we will wish to diccuss clays at New Orleans
which are appaventiy of Pleistocene Age, probably not much more
than 10,000 years old.

Now let us congider the Newburgh-Beacon Bridge, located
across the buried valley of the Hudson River not far below Pough-
keepsie. According to Ries and Watcon in 'Engineering Geology,"
the land of the Atlantic Cecast stood much higher in recemnt geologic
times, so that the BHudson Piver carved a deep gorge, whose con-
tinuation can be traced by a2 trench cn the sea bottom for some
distance beyond New York Bay., This rock gorge at the Newburgh-
Beacon site is well cver 300 feet deer near the west bank, and we
did not reach the deepest point with borings. Subsequently, the
land was depressed lower than it is row and the Hudson River
gorge was filled by clay and sand brought down by the river, and
in pert by glacial drift, resulting in the very confused stratifica-
tion shown, having sand, gravel and toulders in some areas, and
silt and clay in others, A matid¥ of principal concern to us is the
mixed silt and clay pocket just overlyilng rock on the east side of
the rock gorge. This is cverlaid by coarse sand and gravel be-
tween elevations =80 end =140 which would be very difficuit to
penetrate with a bridgs pier caleson; yet below it, between ele-
vations ~14C and ~190, occurs thails silt and clay deposit overlying
rock which must sustain the distributed bridge loads at that depth,

A geologic exeminetion, hy the Gabhagan Dredging Corporation
of New York City, oif the boring samples zbove this pocke:f of silt
and clay has incicated that glacial till existe in the materials
overlying it, 7This would indicate that glaciai ice has over-ridden
all of these deposits at some time in the past. Consequently, the
silt and clay pocket itself must have been subjected to the effects
of this action, inczeasing stability and compaction of the silt and
clay. From this reasoning it may be assumed that some beneficial
preconsolidation took place on these clays in glacial times, and
if that is so, little pier settlement will result frcm bridge loads.
Actually, bridge piler settlements beneath the heavy blanket of
coarse sand and gravel should nct be serious in any case, and it
is proposed to found two piers in this coarse sand and gravel over-
lying silt and clay., If the silt and clay is actually preconsol-
idated, settlements will be negligibie,

Pleistocene Foundations at the Greater New Orlezns Bridge

The two main pilers of the Greater New Orleans Bridge now
under construction across the lower Mississippi River are founded
on Pleistocene clay of an age of more than 10,000 years, although
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The fine-grained alluvial deposits above this are of Recent age.
The cross-~section prepared by Dr. Harlan N. Fisk for the Corps of
Engineers of the War Department shows the City of New Orleans on
the left, with Algiers on the right, and indicates that the river
in recent geologic times migrated from a position back of the New
Orleans levee to its present position, filling in the older river
position with fine sand. Surrounding the river on both sides are
recent marsh and swamp deposits on the top, with marine and
brackish water deposits immediately beneath. 1In consequence, the
New Orleans anchor pier of our cantilever river crossing is
founded at El. ~65 in the sand deposited in the o0ld river cross-
section back of the New Orleans levee, while the remainder of
each approach is founded on piles through the swamp and marine
deposits to firm materials.

Small shells are found in the boring samples from the marine
deposits. TImmediately beneath this shell stratum on the Algiers
side is a hard gray and tan sandy clay which is locally referred
to as "the Pleistocene," and which as a matter of fact is the very
top of the Pleistocene deposits, colored tan because it was once
exposed as part of the coastal plain, and while thus exposed was
oxidized to change its color from the characteristic gray of the
Pleistocene deposits which lie beneath it. When these tan strats
were at the surface in that fashion, they also dried to an extent,
causing the clays to shrink and harden, which consolidates them as
much as would a load long applied to them. We therefore have
regarded the tan and gray upper crust of the Pleistocene as an
excellent material for the support of piles driven on the Algiers
side. Below this tan and gray stratum, the Pleistocene deposits
again become softer until great depths are reached where they
become harder in their natural state.

The two main river piers of the cantilever bridge have pre-
sented a special problem. The greatest river depth on bridge
center line is actually at EL. -120 and we have carried these two
main piers to El. -180 and El. ~-165 in order to support them well
below river bottom, upon a gray clay of satisfactory strength and
stiffness. The gray Pleistocene clay does become stiffer at these
depths and actually has quite adequate shearing strengths up to
4,000 pounds per square foot, ample to withstand the huge bridge
pier loads. As a measure of its compactness at that depth, the
moisture content of this clay is about 30 per cent. A pressure of
about 2.5 tons per square foot in excess of previously existing
pressures is being applied to this clay by the piers, the caisson
size of the largest pier being 88 feet by 151 feet in plan, which
places it among the largest caissons ever built. The total gross
buoyant dead load at the base of this largest pier is 67,000 tons.

Now it is significant that this lower Pleistocene clay has
not been preconsolidated, so far as we are aware, either by a
massive additional weight upon it at some time in the past, which
would tend to squeeze the water out of it; or by exposure to the
air, for there is no evidence by change in color that it has been
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oxidized, Therefore, it is not expected that the consolidation of
this clay which will occur under bridge lcads will te lessened by
the effect of preconsolidation.

Conclusion

It may be seen from the foregoing examples how geological
history can enter into the design of bridge and highway foundations,
Actually, we do not always go into the detailed stratographic
history of an area which a bridge is to cross, but we are aware of
the benefits of geology to us and hope, by such contacts as this
symposium affords, to learn more of it as it applies to our projects,
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PEDOLOGY HELPS THE HIGHWAY ENGINEER

A January 17 news flash from the American Road Builders'
Association yielded the following interesting statistics. ''In
1956, the highwey construction industry accomplished approximately
$5 billion of new highway construction, an increase over the $4.8
billion of 1955, The forecast fexr 1957 is $5.6 billion. During
the first nine months of 1956, there was an average of 5.6 bidders
per Federal-aid contvact, During this period the bids on $1,057
million of work placed under contract were $43.3 million below the
engineers' estimates,''

Such large volume of highly competetive bidding should previde
the taxpayer with the most miles of the best highways per dollar
spent. Dut, 1s this the case? In this same news fiash the A.R.B.A.
goeg . on’ Lo récommend administrative procedures which the contractors
feel would improve the quantity and quality of the highways yet to be
built, 1In ovder to increase the anticipated trouble-free service to
be rendered by these highways the contractors suggest an updating
of specifications ~ gpecifications written around end results
rather than method - allowing the contracter a wider latitude of
choice of methods and the newer types of equipment. This is not
just the old cry of the contracter wanting to be let off the hook,
it is the reascrable request of an entreprensur venturing risk capital,
who has real pride in his work. Whai chance does he have in
exercising best judgement in the construction of a highway found-
ation? This dependc on specification intexpretation., Soll is the
foundation material., How capablie is the inspector of interpreting
soil behavior? To pose the guestion another way - to what source
of information can ithe inspector turn to get the information which
will help him toc make evaluation judgements regarding the soils in
place of those being moved in? The information of which we speak
is ncrmally prcwided by :bhe planners and designers, so that the
inspector can decide cuesilons regarding compaction, drainage, or
the possibility of frcst action.

Highway plaoners and designers enticipate such questions as
these raiged above. In an attempt to provide the answers, they
make an effort to choose a route which will pass over the best soil
types, Following this, they test the soils to be encountered, and
prepare reports which classify and evaluate the soills as subgrade
materials for highway construction purposes, It is with this phase
of the work that this paper coacerns itself., In order to have
maximum carry-cvexr of information from one job or area to the next,
care must be exercised in the system selected for the identifi-
cation and classification of soils,

Effective planning requires wap information, not only of the
topography, drainage, and culture, but also of the types of soils to
be encountered., Soii type is “c be interpreted here as meaning
significantly different frcm adjacent soils with regard to cons
struction characteristics or behavior in service as a highway sub-
grade material, This poses the very real dquestion as to how best to
identify the soils so that they can be mapped as significant map units,
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Pennsylvania recognizes the need to embark on such a mapping
program, and hopes to coordinate the ongoing work of the Soil
Engineering Section of the Pemnsylvanila Department of Highways with
a special development program. At the present time the department
is operating with a Division Solls Engineer in each of its 1l
Highway Districts. Each new project is reviewed in the field and
the proposed center-line is profiled. Standards for field methods
and presentation of the data are being established. There is no
state-wide system of collectiug and mapping soil informatilon at this
writing. In the face of the greatly expsnding Federal-aid highway
program, it becomes imperative that some ceordinated program of soil
mapping be started in order that the valuable data which is being
collected can be organized and used in future planning without
indulging in unnecessary repziiticn. A review of the literature
reveals that there are several possible approaches.

One possible approachk is simply to start to plot at large scale
a record of the results of the standard Bureau of Public Roads class-
ification tests as this data accumulates., At the present time this
is the form of data that comes oui of the profiling that is described
above, It is immediately apparemt that such a program would be a
long time in revealing the existance of soil areas of engineering
significance as map units useful to highway planners.

Another possible approach is to attempt to relate these test
data to the existing county soil survey reports. This is partially
what has been done by the state of Michigan's Highway Department.

In their Field Manual of Soil Engineering they have listed some

one hundred soil series names, piotted the soil profile, described
the natural occurence of the soil and given construction information.
A chart has also been prepared grouping the series by texture and
origin within dralnage classifications. A second chart tabulates
rgoil engineering data and reccmmendations versus series name, Data
for this latter chart comes from socil tests and performance survey
records., Whereas this system has many merits its chief fault is the
large number of map units that a highway planner has to deal with.

In the writer's opinion, an improvement on the Michigan system
is that developed in Indiana. Again the soil series as mapped by
the Bureau of Chemistry and Soils is the basic classification umit,
Each series name is listed with its probable profile range, soil
area, slope class, location, description, problems and correctionms.
In order to reduce the numercus series to a reasonable number of
groupings of significance in an engineering sense, they are grouped
using as parameters topography and parent material. Topography is
divided into five slope classifications, and parent material into six
areas each of which may have from one to four subdivisions. This
results in about fifty-three map units to cover the entire state. A
soil within a map unit may be identified as belonging to ome of four-
teen un2gs by texture or one of four rock types, These textural
groups are related to Bureau of Public Roads Class, Atterberg limits,
and dry density. Moreover the engineering map units are related to.
air photo identifyable characteristics. This seems to give the
maximum of useful data for highway planners and designers.
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A thorough study of the Tndiana system leads one to the —
recognition that the soil is first identified by its profile and N
given a series name. Pedology dictates that the profile must Dbe -
studied over its full depth to appreciate soill relationships. This Ny
is true too for engineering relationships. Pavement behavior is
related to the position relative to a soill horizon. Degree and
development of horizons in a profile is a function of topographic
position and drainage - within a climatic zone. A given series
name represents a given degree of development of soil profile on one
parent material. Different degrees of development adjacent to one
another on a given parent material are largely iIn response to
difference in drainage characteristics related to rélative topographic
position. Such adjacent series can be grouped in catenas. This 1is
a term borrowed from the pedologists meaning a family of soils
occupying different slopes within an area and derived from similar
parent materials.

If soils are grouped by catenas, this leads to the recognition
of identifiable units in an aerial photograph which is best
described by the geomorphic unit called a land form. In many cases
the land form is the map unit of engineering significance. This is
not always true because of modifications related to drainage. How-
ever this leads to the next possible system of preparing engineering
soil maps, namely land form and drainage maps.

The approach used by New York, New Jersey and others is to
divide the state into physiographic provinces related to topography
or elevation and to geology. Within a physiographic unit an area
of significance from the point of view of a highway engineer is
recognized by its deposition, parent material, soil and rock profile,
land form and drainage characteristics; these items being usually
identifiable on an air photo. Engineering soil maps made by this -
approach can then be related to field test results as the data is -
accumulated over a period of time.

What shall Pennsylvania adopt as a method of procedure? Perhaps
the most eloquent presentation for the case of using soll series
names as a basis for interpretive classifications for engineering
purposes is that of Earl J. Felt in a paper presented as a part of
a Symposium on The Identification and Classification of Soils pre-
pared as Technical Report No. 113 by the American Society for
Testing Materials. Mr. Felt makes the point that identification
of a soil must preceed classification. There is a logic behind the
identification of soils by series names which has stood the test of
time and moreover provides a reasonable framework on which to tie
additional information such as that provided by the Bureau of Public
Roads Classification system. The Bureau of Public Roads system
classifies, it does not identify. Since the most important first
step is to identify, then let be adopted a system related to natural
soil forming processes. This point can be well made in the case of
a varved cvlay, and will be in a latter portion of this paper.
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Another very practical reason for choosing a mapping system
related to soil seriles names is the fact that much valuable work
has been done in the past and is continuing to be produced. The
soil mapping formerly carried out by the Department of Agriculture
under the Bureau of Plant Industry, Soils, and Agricultural Engin-
eering and the Soill Conservation Service has been centralized under
the latter of these two buregu?, The Soil Conzervation Service has
entered into a cooperative program with the Bureau of Public Roads
in order to present, in each one of its newly published county soil
survey, reports, a chapter on the engineering significance of the
soils in the county. Potter and Lancaster counties, the next
two reports to be published by the Soil Conservation Service will
contain such chapters., The writer was privileged to be able to
sit in on part of the conferences held by representatives of these
two agencies as the soils of Potter County were discussed. This will
be such an effective help to the highway engineer that the department
of highways is planning to ralieve the Bureau of Public Roads of the
burden of the testing for classification purposes; and take over
this work themselves, Effective as these new Seil Survey Reports will
be, when it is realized that, at bhest, four county reports a year
may bedproduced, Permsylvania will be a long time in being adequately
covered,

If a system of mapping related to soil series is to be chosen,
some comment should be made regarding the adequacy of the maps alrezdy
completed., First let it be recognized that the work is done by
humans like ourselves and is therefore subject to human error, , Then
since the science of pedology has been progressing over the years,
there is a marked difference in the degree of refinement of sub-
division into soil series. Bulletin No, 22 of the Highway Research
Board entitled "Engineering Use of Agricultural Soil Maps'’ contains
a chapter on Status of County Agricultural Soil Mapping in the
United States. Reference to Peansvlvania shows that only a few of
the 67 counties are rated as mcst neariy adequate. Pennsylvania soil
maps bear dates from 1904 to the present. A series of five
Reconnaisance Maps were completed from 1908 to 1912 to cover the
state by regions, btut these are rated as ''‘genexal but of some value."
As examples of the information that is obtainable from maps of two
different periods of time, soil problems from two different counties
?avi den selected, namely Tioga published in 1929 and Union published

n 1946,

One failure investigated is on the property of Mr. Powers of
Wellsboro, Pennsylvania and is located in farming country % mile
west of Mansfield, Tioga County, Pennsylvaniz, near the junction of
Highways US 15 and US 6 about 15 miles from the New York State line.

The fallure area is located along the bank of Ellen Run, & stream
draining approximately % square mile of we%grshed acrea. A township
road parallels the run at approximately 100 feet uphill. A house is
on the uphill side of the road and a barn is approximately 300 feet
further up the slope,
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The failure area is approximately the shape of a segment of a
circle and is outlined by the overlay attached to the enlarged
aerial photograph, Figure 1. The area extends approximately 1000 :ft.
along and up to 270 ft. back froum Ellen Run, The house is within the
area of the slide. The electric power line connected between the
house and barn has been extended i0 ft, since the start of the slide
failure about ten years ago. Approsching the site from either side,
the hard surface of the macadam rcad terminates at the failure area.
Within the failure area, the macadam surface has progressively
broken up, and is no longer in evidence, The alignment of the road
is noticeably offset as it crosses each edge of the moving area. A
telephone iine runs along the road within the failure area, and
service has been interrupted at times due to sinking of the poles
causing breakes in the line. Although the house has been moving
since the start of the slide, destruction to it has shown up only in
the last four years. Previcusly there was no differential movement
of the foundation in either & horizontal or vertical direction. In
the last four years, frequent breagks paralleling contours have
occurred, giving the surface a rippled appesrance. These breaks,
running under the house, have caused destruction of the foundation.

The start of the slide failure occurred during an unugually
heavy rainstorm in the spring of 1945, Movement at the boundaries
was evident in both the horizontal and vertical directions. A large
volume of material moved into the stream chennel, including a row
of willows along the stream bank. The loosened material is con-
tinuously eroded by flood waters and carried downstream to the Tioga
River. This movement of bank material into the stream channel has
reoccurred during the wet period in each successive spring season.

A line of levels was run normal to beth the stream and the
breaks on the surface to establish a typical side-hill section and
is reproduced in Figure 2. This section shows the unstable area to
have a: slope of only 12%., Thie is a flat grade, when thinking in
terms of a soil slide.

A detailed examination at the site disclesed thdt the the soil
is being pushed up at the bank adjacent to the stream. The pushed-
up material does not accumulate in quantity, as it is being continually
eroded away. The rise in the ground surface adjacent to the stream is
shown by the tilt cf the ridge line of the garage roof, as shown in
Figure 3.

Further examination cf the channel bank showed a pronounced and
closely spaced strata formation, having a dip of approximately 450
due south on exposed sections at vight angles to the stream., These
facts indicate a typical arc failure extending to a considersble
depth, similar to the base failure of an open cut cross section.
Failures of this type are known to occur in weakened clay soils.

The probable failure arc is outlined on the overlay attached to
Figure 2, The accumulation of rising material at the lcwer end of

a failure arc would normally produce equilibrium, However, at this
site the rising material has continually been removed by flood waters,
preventing equilibrium; thus the slide has continued through the
years,
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The inability of the soil to support a sice-hill slope of
only 12% indicates an unusual soil or soil structure. There is mo
evidence of excessive ground water pressure producing surface
outflow at any of the many cracks iu the moving area. The cracks
normally intercept surface water from the upper hillside.

The previously mentioned stratification ccnsists of two types
of material in zlternate layers of varying thickness and extends
to considerable depth., Or scme vertical sections 24 layers can be
counted in one foot. The bank surfaces showed a water-worn effect,
indicating that alterrate strata had less stability when in contact
with the moving water. The weak stwata had a prevalling gray color,
and the stronger strata had a pronounced reddish tint. Hereafter,
the strata will be designated as gray or red. A wedge cut was
carefully made in the bank face, Figure 4, and the resuliing fresh-
cut face is shown in Figuve 4. The alternate strata can easily be
traced from each exposed face across the newly cut surface, The
final field inspection date of March 12, 1955 proved profitab. e, in
that the exposed surface showed the watetr vcids left by the mpited
jce lenticles, which occurred in quantity in the gray strata. This
shows the gray strata to have porosity, permitting the movement of
free water, On this date, soll samples were carefully taken from
each type cf gtxata for further testing,

The initial field imspection was made Decemter 10, 1954, at which
time random soil samples were taken representing the total soil mass,
The laboratory testing consisted of the determination of plastic
limit, liquid limift, and particle size distribution. These tests
were made in oxder to classify the soil. The sieve analysis shcwed
100% of the soil passiug the 200-mesh sieve {0.074 mm); therefore
the hydrometexr analysis had to be used exciusively in the determina~-
tion of particle size distributicn. The average results of several
tests are shown by Curve A of Figure 5,

Particle size distribution Curve A shows about 91% of the scoil
is finer than 0,005 mm, the division betwcen silt and clay in some
classification systems., Classification by other systems is as
follows: U. S. Bureau of Soils, by textural classification, clay;
Revised Public Roads classification, Type A-5 {(on basis of laboratory
tests~--liquid limit: 43.9%, plastic limit: 48,.2%, plasticity index--
(PL -~ LL): %4.3%, 100% of material passing 200-mesh sieve); Airfield
classification, Type ML, Reference tc the Tioga County soil survey
map of 1915 discloses--"'the soil between the stream and road was
mapped as Alluvial Soils (undifferentiated) predominantly silty
clay loams. The soil uphill in the failure area was mapped as
Volusia, silty clay loam, containing seepy strips and springy spots,
which is characteristic of the lower slopes.'' These wet strips.are
related to the stratified soil and are now showing up adjacent to
the stream. Since this map was printed the original material
adjacent to the stream was displaced by the failure and carried away;
being replaced by stratified material.
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The soil has been classified by various systems using the
information obtained from laboratory tests. However, laboratory
classification does not give sufficient information to fully
characterize this unusual soil structure, further field inspection
was necessary to obtain supplemental data, and undisturbed samples. -
In addition to the classification obtained from laboratory results,
the fact that the soil is stratified enables us to classify it as
a varved clay.

T s

To further prove that the gray strata are distinctly different
from the red strata in particle size, hydrometer tests were run on
the samples taken from each type of strata. The gray strata are
predominately silt and the red strata are predominately clay, and
are respectively identified as Curves B and C in Figure 5. The silt
layer is pervious, and allows water to flow through it. The clay
layer is practically impervious, thus holding the water in the silt
layer, which in turn becomes a path for ground water flow. There
is a slight penetration of water into the clay layer, and when the
water reaches a certain concentration in this layer, an unstable
condition exists. It was previously pointed out that the failure
started as a result of an extremely heavy rain, and that the con-
tinuing failure is more pronounced in the spring of the year when
the water content is increased by the spring rains and thawing of
the ground.

An additional factor, which was not fully developed is a pre-
diction of other sites within this area (or like areas) where varved
clays might exist. This information would be of wvalue to the high-
way engineer, as well as structural and hydraulic eugineers. Such
predictions would rest on a knowledge of sedimentary and historical
geology. Varved clays, like the anular rings of a tree are season-
a2l phenomena. The coarse particles of silt are laid down under one
set of environmental conditions; whereas the clay particles would -
require still other conditiouns. _

Consider the following hypothesis. In late pleistocene
glaciation an ice lobe bulldozed an earth dam behind which is
impounded a lake. Tributary streams feeding the lake would create
sand and gravel deltas along its shores. Further away from shore
during periods of free melting, silt would be deposited on the
lake bottom. Only during winter freeze-up when distributive currents
in the lake are inoperative would the clay particles settle out.
After many years, spillage over the dam would erode an excape channel
which would enlarge and carry away much of the dam. Downstream
deposits should include unassorted gravels, outwash plains (area
permitting) or terraces. Whereas behind the dam would remain the
varved clays, deltas and other shore deposits: these modified by
geologic periods of time. Reference to the Tioga county Soil Survey
Report gives little help in this direction. The soils are grouped
in series by internal drainage, the only recognition given to land
form being the terms upland, terrace, and bottom soils. Nowhere
are varved clays mentioned.. In this case then, it will be necessary
to seek to supplement the soil series mapped with information from
aerial photographs.
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By way of contrast a review of a reconpaissance surve for a
Federal Aid Secondary Road between Forest Hill and Mifflinburg in
Union County may be of interest. The more recent soil survey report
of 1946 subdivides the soils to a much greater degree of refinement.
The selected road runs morth and south, A study of the soil map
shows many soil series as map units which are not significantly
different from the highway engineering point of view: mnor are the
differences readily recognized on an aerial photograph. Hemce it is
advisable to search for a grouping of soil series which will make
the engineering significance of their differences more apparent.

First a study of the geology of the area is in order. This
area, as included in the Valley and Ridge Province of the Appalachian
Highiands, a highly foliated region of sedimentary rocks, shows up as
a succession of narrow ridges and valleys, Most of it was covered by
a huge ice sheet from the north, that has left a marked effect on
the area. The geological formations as listed in order from the
youngest to the oldest are the Wills Creek shale, Bloomsburg ved
shale, Clinton shales and limestones. Also a small amount of
Jerseyan Drift is present., The beds are highly foligted and, as can
be seen by stereoscopic examination of the aerial photos, the
resistant formations form the ridges and a trellis drainage pattern
is exhibited in places.

The youngest formation, Wills Creek shale, is between 400-750 ft,
in thickness and is chiefly thin fissile calcareous grgy shale with
thin layers of limestone and may contain red ghale and gzpsum. The
next oldest, the Bloomsburg red shale, is largely non~fissile, lumpy,
red shale with smaller grey, green or yellow shale beds, red sandstone
and locally impure limestone. The oldest formation, Clinton shales
and limagtones, is largely a grey-greenish shale with a seall

ropoxtion of Jimestone and greenish-red sandstone, It contains
eds of fossiliferous or oolitic iron ore. (See plate 1)

The soil survey report deseribegs the soils of this undulating
to gently rolling area as quite comqlex in nature, in that they have
been developed from (1) deep glacial till, (2) shallow glacial till
and yesidual material, (3) colluvial slopes, (4) texraces and (5) the
bottom lands. In general these soils are deep, productive, high
in orgenic matter and with good structure throughout, the exoeption
being soils of residual material and very shgllow till. The soils
of groupe (1) and (2) are well drained for the most part. Drailnage
has affected the soil profile to a marked degree.

In general the contribution to local materials from geologic
formations beneath the soil mantle are in excess of those from foreign
sources, and the chemical andtgyysical characteristics of these loca
materiais as a result of weathering processes, have been passed on
to the soil in modified form. These soils are derived from calcareous
shales and limestone, for the most part. As for the color, it ranges
from gray through paie brown, yellowish brown, brown and reddish
brown. Textures range from ioamy sands to siit loams and clays.

Soils of the terraces and bottom lands lack uniformity.
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Getting more specific as to the particular soils encountered :
along this road, under deep ﬁlacial till is found only the well :
drained acidic Norton reddish brown clay loam, derived from sandstone
and shale and deposited as Jerseyan drift. Klinesville and Kutztown,
soils from residual material and very shallow till, occur in consid-
erable magnitude. The former has developed over Bloomsburg red ghale
at a rather shallow depth, while the latter yellow shaly clay loam
has developed from Salina shale and occupies the high ridges., Also
found to a lar%e extent is the well drained Norton, as a soil from
shallow glacial till and residual material; that is, a thin Jerseyan
drift over sandstone and shale, Occuring in lesser quantities, but
all developed from shallow till and residual material, are the
Mifflinburé associated with the Kutztown; Hartletan; ﬁagerstown,
developed from Helderber% limestone; Weikert, formed from gray Clinton
shales, Sqils of the colluvial slopes consist of Norton, Araby and
Wiltshire, all of whose parent material 1s limestone and shale,

Soils of the bottom lands result from stream alluvium of the lime-
stone areas.

In an attempt to bring out significant relationships an effort
was made at group the soil by parent materials. This involved
shading adgacent soll series combin1n§ them into larger map wunits.
See Plate 2, This grouping revealed land forms and drainage patterns
which were readily recogrized on the air photos. Stereossopic gtudy
of the photos make the soill map come to life in terms of the factors
that are of interest to the highway engineer,

Soils derived from deep glacial till were of little consequenoce
from the point of view of lineal footage encountered,. Shallow till
and glacial material were dominated by the geology of the underlying
rock, hence for this job differentiation between shales and lime=
stones was more significant, The terrace soils were well drained and
would hagve been satisfactory for speciagl subgrade had it been veguired.
The troublesome soils were the bottom land soils, not so much as g
factor of soil texture but because of the poor drainage,

Thus is presented two cases where the soil maps as they exist
are inadequate for different reasons, The Bureau of Public Roads
clagsification by itself is equally as inadequate. However a come
bination of identification of the soils by pedological methods, air
photo study, and geologic investigation makes it possible to aome up
with significant map units., Admittedly areas of varved clays will
be small as map units, but they represent trouble spots and must be
forcefully trought to the attention of planners and designers.

Perhaps now a method of engineering soil mapping can be suggested:

1. Divide the state of Pennsylvania into physiographic provinces.
2. Select a unit area (perhaps one county which has been recently
pedologically mapped) within one province and list its soils.,
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3. Study the soil series names within the selected area with

respeet to:

a. land form

b. drainage gatterns
erosiQn characteristies

c.
d. veietattwecover
e. relative topographic poesition
f. extent of profile development
3, position of ground water table .
R, characteristics vwhioh relate to air photo identification,
4. Artempt to group the soils (perhaps bzocatenas) 80 as to
reveal regognizable units on an air photo,
5. Study the aexial geology.,
6. Visit the selgcted area in the field to:
3. verlfy the aerial geolo
b, examine the soil profiles and identify by series names
¢. make field tests for density, and sample horizons
d, record evidence of highway construction or maintenance
diffieulties
7.  lMake nepessary laboratgry tegts to complete classification by
the Highway Research Board modificatiaon of the Bureau of Public
RQads system, as well ag compaction tests,
3. Coxrelate:
38, 80il series names versus BPR classification
b. soll series names versus air photo identifiable charactet=
tics verified in the field
e, ailr photo identifiable characteristies versus BPR
elasgification
d. B80il series names versus construction difficulties
e. B80il series niomes versus maingenange difficulties
9. Prepare engineeriug soils maps on the county soil pr highway
series as a base map.

1G. Seleet a test area previously unvisited, predict - and verify.

Commenting on the above outline it might be pointed out that
initial studies as ia item three would call for concurrent study of
soil map and air photos., An attempt should be made to coordinate
the anticipated field studies with the ongo work of the Penn~
silvania Department of Highways so as to benefit from the test data
which would become avgilable, Advantage should be taken of the IBM
datgiprocessing equipment at the university to make the correlation
studies.

In conclusion it should be emphasized that the end product, the
engineering soil map, is of necessity reconnaissance in nature. It
will serve well for location criteria, background information on
which to base generalized engineering decisions, and to indicate
sites ywhere more particular soil samgligg will 5e advisable,
Accompanying tables and charts will be able to provide much
physical data to serve as a guide to inspectors as well as designers
and planners.

Well, -=- shall ye begin?
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EXPERIENCE IN DESIGNING ROCK SLOPES IN NEW YORK STATE

INTRODUCTION

Previous to World War II, it was common practice in New York
State to design all rock slopes b-vertical to l-horizontal, or, to -
the geologist, corresponding to a dip of 76 degrees. This standard
slope was carried over into the post-war period on a 23-mile stretch
of one of our principal highways. Considerable overbreak occurred
on this job, and the geologist was redquested to make a study for
the purpose of determining the cause. The rock is chiefly Cambrian
8late or phyllite with the bedding and strongly developed slaty
cleavage about parallel to each other and both dipping from about
50 degrees to vertical. The alignment of the highway is, through
most of this stretch, approximately parallel to the strike of the
rock structures. Breakage was almost exclusively controlled by the
cleavage. In cuts where the cleavage was flatter than the design
slope, there was, therefore, considerable unavoidable overbreak on
the side of the road toward which the cleavage dipped. 1In such cases,
the design slope was obvicusly too steep. A large amount of over-
break was also due to careless and crude blasting practices.

On a succeeding stretch of the same road, a detailed study of
all cuts was made and slopes recommended on the basis of rock structure.
Also, blasting was performed in accordance with acceptable modern
methods. The resulting slopes were stable, conformed closely with
the specified design, and overbreak was reduced to insignificance.

Then came the Thruway with more rock excavation between Albany
and New York City than on all previous highways in the State. With
but few exceptions, every proposed rock cut more than ten feet deep -
in this stretch was studied in as much detail as outcrops and drill
cores would permit, and designs, based on rock type and structure,
were incorporated in the detailed contract drawings. The north end
of this part of the Thruway is in Silurian and Devonian limestone,
shales and sandstones, all of which were severely deformed by the
Appalachian Mountain building revolution. The central portion passes
through Cambrian and Ordovician shales, slates, limestones and sand-
stones, that were involved in both the Appalachian and Taconic
revolutions, with a downfolded and severely faulted block of
Silurian and Devonian sediments. The south end traverses the
Gneisses and granites of the Highlands of the Hudson, the shales
and sandstones of the Triassic Lowland and the Gneisses, granites
and schists of the New York City Series.

Since the Thruway, most of our efforts in slope design have
been concerned with the reconstruction of New York State Highway
Route 17 to modern standards through the rough terrain of the
southern Catskill Mountains. Geologic conditions here are entirely -
different from those previously encountered. The bedrock consists
of graywacke sandstone with a highly variable proportion of beds
and lenses of soft red shale and sandstone, all a part of the great
upper Devonian Catskill delta. For practical purposes, the bedding '
is horizontal. One cut on this job will be 230 feet deep and will
involve, in round numbers, a million cubiec yards of rock excavation.
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Based on the experience gained in the above projects and others,
it is proposed in what follows to outline the slope design criteria
and standards that we are following at the present time and to
bﬁiefly discuss the more important geologic prinicples involved in
these areas.

DESIGN CRITERIA AND STANDARDS

The Hazard of Falling or Fallen Rock.

In view of humanitarian considerations, it is imperative that
the possibility of rock falling on modern hiﬁhway pavements be
absolutely eliminated. To accomplish this, it is necessary to care-
fully evaluate the possible effects of the weathering of rock and
rock strugture in relation to slope height, inclination of slope
and set-back of bottom of sloge from pavement edge, or width of
bench if benching is practicable.

Clean~-Up and Snow Removal.

It is economically unsound and, in many cases, almost physically
impossible, to design a slope from which some rock will not fall in
time, In order to reduce the hazard of clean-up operatféns to both
traffic and maintenance crews, sufficient set~back must be provided,
irrespective of the height of slope, for the operation of equipment
off the pavement, and to allow ample space for snow removal from
pavement and shoulder.

Cost,

In our earlier efforfo, cost was considered far more critical
than at present. This trend away from heavy emphasis on cost has
been influenced chiefly by the following considerations:

(1) Spot checks on removéng fallen rock by maintenance
forces indicate a cost from five to ten times as
great as doing the same work under construction
contracts.,

(2) Rock falls occur much more frequently during the
Sgring break-up than at any other time, and, if
they interfere with traffic, must be removed
promptly, thus tyin§ up men and equipment needed
elsewhere during this critical period.

(3) Claims arising from injury to vehicles and people
due to rock falls on a pavement can be sufficient
to overbalance the additional expense involved in a
design that will eliminate such occurrences,



Dimensional Limits,

Irrespective of rock conditions, we have arrived at fairly
definite conclusions with respect to some elements in rock slape
design, In experience to date, it has not been found necegsary to
design any slope steeper than three vertical to ome horizontal, or
flatter than one to one, although there are known rock structural
conditions in limited areas of our State where conceivably it would
be necessary to exceed these limits,

VWie have come to place more and more emphasis on the distance
from edge of pavement to toe of slope, or set-back, Based on
observations and reports of actual rock falls and in consideration
of modern traffic conditions, we consider a 25-foot set-back the
absolute minimum.

Benchi;;g .

During the past few years, there has been ingcreasing
evidenge of a trend toward benching of more or less standardised
dimengsions, with no consideration whatever for rock conditions,
Thig practice led to a rather serious problem on one of our projects
ip folded rock in which, in spite of every reasonable precaution in
blasting procedure, benches could not be constructed as designed
and the highway had to be realigned while canstruction was in
progress in order to eliminate the hazard of rock falls reaghing
the pavement,

Since then, our Bureau of Soil Mechanics has made g very
$horough study of the entire problem, which has resulted in certain
conclusions that are now considered basic to sound and econonic
benshing design. Above all other considerations, rock strugture
must be such that an effective bench can be built by average con-
struction methods and practices. Except in unusually deep cuts, we
do not consider the advantages of benching over a straight slope
sufficient to warrant unugual costs per unit of excswation, For
this reason, we have practically ruled out beneching in folded or
structurally complex rock conditions and are recommending it only
in horizontally stratified sedimentary rock.

With regard to width of benches, as a result of average raock
structural conditions, there is always a probability that irregular
overbreak along the front edge will, under normal construction
praotices, make it difficult, if not impossible, to hold to design
width, Therefore, if the design width is too narrow, the end re~
sult may be no bench at all at places. In view of this and the
fact that a bench must be wide enough to intercept rock falls and
permit the operation of clean~up equipment, we consider 25 feet the
minimum design width,
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It is advantageous in reducing overbreak to a minimum and ob-
taining a smooth surface to construct benches parallel to the bedding.
For the same reason, in alternating beds of soft and hard rock,
benches should be at the top of a hard bed.

APPLICATION OF GEOLOGIC PRINCIPLES

Weathering of Slopes after Construction.

Relatively soft rocks, such as shales and many sandy shales,
argillaceous limestones and weakly cemented sandstone, slough or
breakdown to small fragments in a relatively short time due chiefly
to simple wetting and drying, or freezing and thawing. Such rocks
often appear sound and massive in a freshly opened excavation or in
a drilled core. Judgment based on such data can, therefore, be
misleading. If a previous road cut or other openings of know history
is not available for direct observation and evaluation of the
weathering characteristics, a wetting and drying or freezing and
thawing test of a few cycles will often prove indicative. TIn rock
that weathers in this manner, a cut slope should be designed to
approximate a talus slope, for, regardless of original design, it
will weather to a talus slope in time. Our recommendations in
such rock is for a slope between 13 vertical to 1 horizontal, and
1l to 1, depending upon the estimated rate of weathering. 1In a slope
as flat as this, benching is not considered advantageous or necessary.

In horizontally stratified sedimentary rock consisting of al-
ternate beds of resistant and soft, rapidly weathering rock, the
slope problem becomes more complicated. The soft rock tends to
weather back under the resistant rock. When this progresses beyond
the center of gravity of a joint block or other structural unit, a
rock fall results, and such rock falls are often of serious conse-
dquence. The relative proportion of the two types of rock is con-
sidered important. No sharp line can be drawn on this basis, but,
in our experience to date, if the soft rock predominates and occurs
in a number of beds more or less evenly distributed throughout the
depth of the cut, an unbroken slope of from 2 to l% vertical to
1l horizontal is usually recommended. On the other hand, if the re-
sistant rock predominates, benching has been recommended in a number
of cases, especially in cuts more than about 50 feet deep.

In rock that is uniformly resistant to structural weakening by
weathering within a reasonable period of time, our recommendation
is for an unbroken slope of 3 vertical to 1 horizontal in cuts up
to approximately 75 feet deep. In cuts of greater depth, we consider
it advisable to break the slope with a bench.

Structure.

The structural condition of a rock mass is considered the most
difficult element to evaluate in arriving at a satisfactory slope
design. To begin with, it is difficult, and sometimes impossible,
to determine from available outcrops how many significant structures
are present, much less to evaluate their effects in a finished slope,
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and drilled cores are in many cases of limited wvalue, even if the
problem i1s of sufficient magnitude to warrant the expense involved.

However, as a result of our experience, we have arrived at
what, for want of a better term, might be thought of as a systematic,
though somewhat flexible, approach to these problems, which is
somewhat as follows:

The number of structures cutting a rock mass is of primary
importance; in general the more there are, the greater the difficulty
in evaluating their effects. Their angular relation to one another
and to the finished slope, as well as continuity and spacing, must
be considered. The depth to which they extend and their improtance
at depth are critical. The degree to which they control breakage in
blasting must be estimated and, as a corollary, it must be decided
whether or not it is practical or possible to blast a trim line at
an angle to a dipping structure or parallel to it. There are still
other structural elements that have required analyses in our exper-
ience, but these are the ones that appear most frequently.

We have made numerous attempts to arrive at generalizations
that could be applied to rock slope design in complex structural
conditions, but every attempt so far has led to the inevitable con-
clusion that each and every cut presents a unique problem, thus
precluding any worth-while generalizations.

And now for the knock-out blow. The best rock slope design
that conceivably can be drawn up is not worth the paper it is pre-
sented on, unless blasting methods can be controlled within reason-
able limits. This has been fully realized and its importance
appreciated in all of our work. We now have made a definite move
in this direction by the inclusion of the following in New York State
Public Works Specifications of January 2, 1957:

"Where rock encountered in cuts requires drilling and blasting,
all necessary precautions shall be exercised to preserve the rock
in the finished slope in a natural undamaged condition, with the
surface remaining reasonably straight and clean.

"Blast holes shall be drilled at the inclination of slope along
the line of proposed finished slope and in the adjacent areas. An
approved system of relief or delayed blasting shall be employed.

"The spacing of the blast holes and the method of delayed blast-
ing required will be depenedent upon the quality and the structure of
the rock encountered and the method of blasting used in approaching
the slope. The Contractor shall adjust his operations to obtain
the required slope conditions, as called for on the plans.”
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PHOTCGRAMMETRY IN PRACTICE

The words photogrammetry, aerial photography, photo interpretae
tion, and EhotogSAmmetric maps are fast becoming terms in general
usage by the highway enginecer and geologist.

A brief resume of the history of photogrammetry and photo
interpretation in this coumfry, which would interest the highway
engineer, would start in the 1930's when the government mapping
agencles including the United States Geological Survey vastly enlarged
their use of aerial photography in the production of quadrangle sheets,
These quadrangle sheets for many years have been the only map
coverage of many areas and have, therefore, been used as a basis
for the preliminary studies and location of new major highways. At
about this same time many highway departments started using
photographs for studying drainage areas and property involved in
new construction,

During the war years of 1941 to 1945, a major problem confronted
the government in the production of adequate maps of United States
and roreign countries in and around the war zones. A new department
called "Army Map Service' was organized and assigned the tremendous
task of supplying the maps necessary in the defense of our country.
Photogrammetry proved to be the only science which could be employed
to produce the required topographic maps in the short available
time. Photo reconnassiance and photo mapping units of the Air Force
were organized, and the never ending job of obtaining up=-to-date
photography of the important defense areas was begun. From this time
on, aexrial photographs were used every minute of the war and
certainly played a major role in its final outcome,

It was also during these war years that photo interpretation
proved so valuable in picking enemy manufacturing and defense
installations., Photographs taken by units of the Air Force were
used to prepare target charts of enemy installations and on the
bombing missions of our allies for navigation and pin-pointing the
desired targets.

After the cessation of hostilities in 1945 the mapping program
continued in this country by United States Geological Suxvey, the
Aeronautical Chart and Information Center, and Army Map Service, It
was realized that United States was far behind many European countries
in having available adequate maps for planning peace time improve-
ment projects. Projects which would benefit the major population of
the United States during peace time including the construction for
dams, electric power, irrigation, highways, recreation, and agri-
cultural usage could not be undertaken without these more recent and
more accurate maps. Using these maps and aerial photography taken
bg the government, the Department of Agriculture has greatly aided
the farmer over the past few years with their program of soil and
natural resource conservation,

Photo interpretation was used by soil experts, geologists, and
foresters in classifying types of soil conditions for agricultural
purposes, in identifying areas of undiscovered minerals, and in
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classifying and programming the vast forest areas of the United
States.

During the past four or five years, many of the State Highway
Departments and several private consulting engineering companies
have experimented with and adopted the use of aerial photography and
photogrammetry in making highway studies. This is, in brief, the
history of the photogrammetric profession leading up to the year 1956
when the Federal Aid Highway Act was passed which states: "In
carrying out the provisions of this title the Secretary of Commerce
shall, to the fullest extent practicable, authorize the use of photo-
grammetric methods in mapping, and the utilization of commercial
enterprise for such services." The Public Works Committee report
commented that this language was inserted "because of the almost
spectacular results in savings of time, manpower, and costs through
use of the techniques developed from the interpretation of aerial
photographs and their application to mapping..." The Committee said
it desired to encourage the Bureau of Public Roads and the States to
continue and extend "Their already well-advanced usage of this
method" to the enlarged progran.

In order to take part in the greatly expanded highway program,
several highway departments have realized that it would be necessary
to use photogrammetric maps to a larger extent than in previous
practice, and in general, have adopted the following method in the
preparation of engineering plans.

The preliminary center line location and sometimes several
alternate routes are laid out on the best available source maps
which are usually quadrangle sheets published by the U. S. Geological
Survey. These routes are then flown to obtain aerial photography at
a suitable scale to plot maps for preliminary location and cost
estimates. This photography would be taken from approximately
6000 feet above the average ground elevation providing coverage of
one mile in width on a single strip and suitable for plotting a top-
ographic map with five-foot contours at a scale of 1" = 200'. This
same photography would be used to make an aerial mosaic of the area
which would be used along with the topographic maps. Ground
control necessary for compiling these five-foot contour maps would
then be established in the field and permanently monumented so that
it could be picked up and extended at a later date. It is necessary
to establish two horizontal and three vertical control points within
the area covered by each picture for the compilation of these maps.
Before the field control is started an investigation is made to
determine all existing government control which is available through
United States Geological Survey, United States Coast and Geodetic
Survey, and the Corps of Engineers. The primary base line, which is
established in the field, is then tied in to the government control
and in most areas it is, therefore, not necessary to loop any lines
to insure the required accuracy. The field survey necessary in this
primary stage usually amounts to one mile of traverse and one and
one-half miles of levels for each mile of the highway under study.
If the government control is established at close enough intervals,
the field work can be based on third order limits.
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A more detailed study is then made with the information avail-
able at this point to definitely pick out the center line of the
proposed highway and make cost estimates on construction and property
damgge. With this center line established, low altitude photography
is obtained from an elevation of twenty-four hundred feet above the
ground providing a strip of approximately one-half mile in width
and suitable for plotting accurately two-foot contour maps. The
scale of these maps is usually between 1" = 50' and 1" = 100', and
in some cases, cross sections at regular intervals are plotted in
conjunction with the contour maps. In this phase the photography
taken at a lower altitude requires more photographs to cover the
game area. Additional control is now established by extension of
the greliminary line, and again permanent monuments are set at
regular intervals. Using this additional control the topographic
maps are pregared, which are to be the basis for the design gnd
quantities shown on the final engineering plans.

The Photogrammetric compilation of hLEhway maps ties into the
design stage in which all the standard methods of design are
incorporated with the exception that all existing planimetric and
topographic features and quantities are taken from the hotogrammetric
maps, When the engineering plans have been completed the advertige-
ment and contract for construction would incorporate an article
stating that quantities would be based on photogrammetric maps. The
field centrol, which had been previously established, is used as a
bage line for staking the highway for construction. After the
construction has been completed new photography is then taken so

that as-built contour maps and cross sections can be prepared for
final pay quantities. In most areag the incorporation of photo-
grammetric methods in highway design as outlined above speeds up the
start of construction by several months and decreases field costs by
a very large pereoentage.,

The final aocuracy depends on the type of area involved, the
vegetation, and the methods employed in the preparation of the final
map. In agcordance with Standard Msp Accuraey ninety percent of all
eontours should be accurate within one-half the contour intexrval and
ninety percent of the well definedtglanimetric featuregs shall be
curately located horizontally within one-thirtieth of an inch at
fipal map soale, Several test areas have been yun which indicate
that quantities based on photogrammetric maps compare with ground
surveys within five peraent. When speaking of the aeguracy of
photogrammetric maps it is eommon for most engineers to think of
maps and cross sections prepared entirely from field survey to be
ope=hundred percent correct, However, anyone who hes worked in the
field and given some thought to this realizes that ground surveys axe
certainly never one-hundmed percent ecorrect and in some instances
could be more inagourate than the standards set up for photogrammetrie
methods, One of the mais problems encountered in providing National
Standaxgd of Map Aocuracy 1s the establishment of p e poalat
contxol by cpnveptional survey methods.




-4-

Before getting off the subject of highway design I want to
mention that there are many State agencies and private companies
doing research and improving stereoscopic plotting equipment for
specific highway problems and in making use of electronic comguters
to speed up complicated structural analysis and to decrease the
enormous amount of time involved in present day methods of computing
quantities,

Photo interpretaticn, another specialty which can be used to a
limited degree in connection with the Interstate Highway System, is
usually accomplished by comparing soil conditions, vegetation, etc.
with areas where known conditions exist., An example of this was the
preparation of the preliminary report for an overseas highway from
Miami Beach, Florida down to the Florida Keys., The photography
taken along the proposed route which passed from island to island
and tied in with the existing highway to Key West was very valuable
in showing the conditions just underneath the water surface and in
certain swamp areas enzountered. Aerial photography is also used to
classify soil types, Geolcgists are more interested and more
familiar in the classification of large areas for the possible
determination of minerals and the best agricultural use of the land.
An example of soil classification of this type by photo interpreta-
tion was performed by Michael Bzker, Jr.,, Inc. in connection with the
report for the design of a pouwer and irrigation system along the
Jordan River borderirg the countries of Isreal and Jordan, Soil
experts worked for several months making detailed tests and classif-
ication for various types of conditions encountered in the Jordan
Valley, These tests indicated the best agricultural use, the type
of fertilization required, and the amount of irrigation water neces-
sary to insure the development of the area into a productive state
which would support the investment of the cost of the project and
result in the people being self sufficient, After these detailed
tests were made on types of soil encountered, photo interpretation
was used to classify all soils along the Jcrdan Valley to the pre-
determined types. Based on this information a report was prepared
summarizing the total amount of farm products which could be grown,
the amount of irrigation water needed, and the size of dam and
storage reservoir which would be required for the project. This
program when completed will convert one hundred fifty thousand acres
into productive farm land and cost approximately one hundred fifty
million dollars, All this work was performed under the International
Cooperative Administration of the United States State Department for
the purpose of providing productive land to make the Arab refugees
displaced from Palestine in 1948 self supporting.

Aerial photography and photogrammetry have come into common use
during the past few years as an aid in the design of practically all
civil engineering projects. Design of any project for construction
must necessarily be based on a map depilcting both the topographic
and planimetric features existing in the area. I am not suggesting
that it will completely replace field surveys for construction
projects, but it certainly is a great aid in the preparation of
plans for all projects from the design of a single building to a
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large dam and irrigation project of the type being carried on in the
western part of our country., I will try to explain a few instances
where projects have already been completed based to a large extent
on maps prepared from aerial photography, not only decreasing the
cost of design but afferding a much larger store of information from
which to obtain a morxe compiete analysis of the problem,

City pianning, which until recently, had been based on existing
maps and a limited amount of informatlion which could be obtained in
the field, now used aerial photography and in many instances photo-
grammetric maps to more accurately depicted the present day
conditions cf the area being studied, Normally in the locations
where city planning is required very limited souxrce material is
available and the cost by field survey to provide the information
wculd be prohibiiive,

Property surveys and subdivisions of properties amounts to a
large volume of work for the civil engineer and surveyor each year,
Photogrammetry will not perfiusm the operation of placing property
corners in the field or replace the items which must be done by
the field survey partv. However, it can be a great aid in the study
of property boundaries over a large area. An example of this can be
illustrated in conjuaction with the tax mapping program presently
in process in the State of Pemnsvlvania as required by the Act of
the State Legisiature of the 1951 Session of the General Assembly.
This Act requires that all fifth to eighth class counties complete
a serles of maps showing all property lines and dimensions or
acreage of each parcel and that these maps be used as a basis for
the reappraisal of the county. The purpose of this Act is to provide
an equalization ¢f assessment and an up-to-date valuation to permit,
in particular, school districts to finance the requirements of
education as needed in the areas of new development. Aerial photo-
graphy provides a complete inventory of all properties and is a
necessary tool in performing this type of contract, Our company is
presently developing tax maps for tnree of the larger counties in
Pennsylvania totaling an area of twenty-three hundrad square miles
and involving considerably over ome~hundred thousand paxrcels of land.
In the pexformance of this work enlarged photographs are taken into
the field for identification of ownership and visible boundaries.
With the aid of these enlarged photographs, stereoscopic plotting
equipment is used to compile a complete map of the county showing all
visible ground features and tying in with existing government control.
With the aid of microfiim copies of deed records, tax lists, and
other information available from the County Assessor's Office, these
maps are checked to insure the correct location of property lines
and ownership for each parcel. A set of linen tracings 1s then
prepared on which 1s placed an index number for each parcel, This
index number corresponds with the standard system set up for the ..’
whole county and refers to property ownership cards and assessment
cards indicating the value of structures and other improvements.
This program has already been completed in several counties through-
out the State, and the indication is that other States with an
antiquated tax system may follow the same progrsm.
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I mentioned earlier that photogrammetry has aided in the develop- i
ment of all types of recreational areas from the large national parks -
down to small areas set aside for city and county use, Normally, -
development of these areas must be sitidied on a laxrge scale map to -
permit the proper location of artificial dams, lakes, and camping
facilities. Normally, a development of this type requilres engineering
investigation for water supply, sanitary facilitles, drainage area,
and soil conditicns. Here again photo interpretation in conjunction
with geological maps can be valuable in determining drainage areas,
sources of water supply, and general foundation coaditions for large
Structures, Althcugh large scale maps as mentioned above are not
available in most areas, Army Map Service has recently published
accurate small scale topographic maps of a large part of the United
States., These meps ccmpiled from photography taken at an altitude
above thrity-tlhousand feet can be used for preliminary studies of
recreational areas and new highway construction,

Power and utility compznies are realizing more and more the
advantages of aerial photography to their particular industry, A
large power company in the western part of Pennsylvania has been
using aerial photography and photogrammetric maps to determine
location of cross country power lines, to plot a profile of these
lines for the actual location and height of their teowers, and to
determine the quantity of steel required in their erection. The maps
are prepared with all the visible boundsries indicating the property
required for purchase or ezsement. Deeds are also checked and
compared to the maps to insure the correct ovnership of property,
Enlargements of the aerial photographs are a great aid in discussion
with the property owners to identify and acquire the necessary ease-
ments, It is required that a plan of property to be condemned must
be submitted to theicourt for the condenmation proceedings. This
plan showing contours is very readily prepared from the original
photography, , -

An interesting adaptation of photogrammetry to large industries
is performing the task of furnishing an inventory periodically of
stock piles of raw materials, One company for which we have made
several surveys of this type previously had cross sectioned their
stock piles by conventional ground survey methods. Since the survey
was done by their own crews, a period of gpproximately two months
was required to obtain the field notes necessary in computing
quantities. During this period the stock piles were continuously
changing as material was used by the plant and new material brought
in, It was, therefore, very difficult to obtain accurate quantities
at any given time., Aerial ﬁhotographs glve an absolute inventory at
the time of exposure even though the computation of quantities is not
performed until a later date, On a periodic contract of this type
the ground control established for the first survey can be used over
and over again for all later inventories. Photographs taken for
each survey are permanently on file for a record of the material in
stock at any given time,
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Photogrammetry is a fast growing type of mapping readily
adapted to the work of civil engineers and geologists. Its many
phases requires a large investment in equipment and training of
personnel. It is not practical for each engineer and geologist
to become an expert in performing the operations required to
obtain aerial photograpby and compile maps from this photography.
However, each person in responsible charge of design for highway
or other construction which requires information relating to the
surface of the earth should have a thorough understanding of the
principles of photogrammetry and its specific uses in connection
with his work. This applies particularly to the highway engineer
at this time because of the greatly expanded highway progran and
the many advancements taking place to aid him in producing a more
economical and superior design.

I
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Highway Geology and the Contractor

by Archer B. Gay
Engineering Director

Virginia Road Builders Association

}lighway geology is a sube
ject on which few contractors
would care to speak for the
simple reason that they have
little knowledge of the sclence
itself nor any comprehensive
understanding of its ability
to make a real contribution
to their own cost analysis of
a project. Thus highway ge=
ology is suffering, along with
other technical groups, from
a lack of understanding by
the highway industry in gener=-
al. One of its needs is for
better public relations. We
realize that many scientists
have an adversion to this
term and to the practice which
we call public relations.
Many feel that there is no
need for it and others feel
that it is a form of adver-
tising and is, therefore, not
ethical. The fact remains
that we have public relations
wqether we want them or not,
its Jjust a question of wheth-
er they are good or bad.

Perhaps we might spend a
few moments looking at this
subject of public relations
in order to engender a better
understanding of its functious.
It is not, as so many of our
professional people think, a
form of advertising. Rather,
it is a means by which those
who are without the door of
our own particular area of
work are given a better
understanding of the part
which we play and the contri-

bution which we make to the
whole. Perhaps we might coin
a better phrase for it and
call it public understanding
or public acceptance.

In the pursuit of the ob-
jectives of a proper public
relations program each of us
nust realize the truth of the
statement made by Bernard
Baruch, who once said, "every
man has a right to his own
opinion, but no man has the
right to be wrong in his
facts." The entire objective
of our public relations program
must lie in assuring our-
selves that every man is right
in his facts concerning our
function as an indispensable
part of the team which makes
up the highway industry.

What contribution can the
highway geologist make to the
highway contractor's knowledge
of a particular project and
how will it benefit him.
There seem to be many of these,
though few of them are under-
stood by the contractor and
recognized as springing from
the science of geology.

Perhaps the first field in
which the contractor might
expect aid is in that covered
of foundation data necessary
for bridges and other structures.
The accuracy of information
and the completeness of the
coverage of the sube-surface
conditions can have a pro=-



found effect upon the con=
tractor's costs and, in turn,
upon his bid prices. Will

he encounter hard rock at the
indicated elevation or will
it be necessary to remove a
foot or more of soft sap
stone before the bearing is
satisfactory. The geologi~-
cal report is his best authori-
ty in such cases. However,
the geologist must realize
the necessity for engendering
confidence in the accuracy of
his reports - so we emphasize
again the term "accuracy" as
a part of our public relations
program.

In areas where the existence
of rock is unlikely, piling is
the engineer's answer to the
problem of a proper foundation
bearing for the bridge, the
type of material which lies
beneath the surface will
supply two needed answers in
his cost problem. First,
how difficult is it going to
be to get the piling driven.
Second, how long will the
piling be in order to secure
a proper bearing value to
meet the requirements for the
structure. Our present method
of determining the length of
piles lies in driving test
piles and relating all other
piling to them. A more scien-
tific anaylsis of sub-surface
conditions might well serve
to eliminate some of the
burden of the cost of cutoff
losses in piling which is
purchased and might also, in
time, eliminate the necessity
for the test piles. Compe-~
tition will always serve to
channel any saving back to
the taxpayer or the owner.

The next field of importance
in which the highway geologist
can make a fine contribution

to the contractor's knowledge
is that of general excavation.
The type of earth, the charac-
ter of rock or other similar
materials to be moved is part
of the essential knowledge
which must be had by the
contractor if we are to main-
tain a reasonable price level
for this item of our con=-
struction. The information
under some conditions which
prevailed in the past has
been largely a matter of
judgement of, in the terms of
our contractors - "guessti-
mating" .

While it is our practice
here in Virginia to bid all
excavation as "unclassified"
making no difference in the
price paid for the movement
of a cubic yard of rock or
of earth. However, for the
purpose of bidding, the con-
tractor is forced to classify
the entire project if he is
to survive the competitive
conditions existing in the
industry. Thus, each project
is analyzed as to rock and
earth and each element is
calculated at its cost and
averaged into a single unit
price per cubic yard for
"unclassified excavation."”

The method used by the
average contractor for making
this determination in the
process of classifying his
excavation is to again rely
upon his inate judgement and
experience which spring from
his experience in the field.
Often he looks at adjacent
banks, roadway cuts, etc. in
his attempt to make his
anaylsis. Certainly there is
no scilence involved in the
process.

Perhaps this would be a



proper place to discuss the
question of the methods em-
ployed by the highway geolo-
gist to determine the per-
centage of rock in a given
project. Borings, we realize,
are about the only fool-proof
method of accomplishing this
and these may, to some extent,
prove to be incorrect if the
interval between holes is

too great. We also realize
that the number of trained
men available for this type
of sub-surface exploration,
when compared to the volume
of work to be done, will make
this an impractical method

of eveluation. However, the
geologist must realize that
the contractor is gambling
his own money and is often

a rugged individual when it
comes to accepting other
methods of evaluation unless
he has had some experience
with them.

The rapid method and per-
haps the one most employed
is to use those electrical
instruments which perform
essentially the same function
as the auger and core drill
by measuring the resistivity
of the material beneath the
instrument. A convinecing
comparison of the two methods
generally circulated among
the contractors who bid on
highway work would undoubted-
ly do much to improve the
general acceptance of the
geologists appraisal of the
sub=-surface materials. This
is simply another instance of
those public relations of
which we have spoken.

The contractor, in
determining his costs, needs
more than a gquantitative
analysis of the rock beneath
the surface of his project.

He must know or assume some=
thing of its character. 1Is
it sufficiently hard to
require drilling and blasting
shovel loading and movement
by independent vehicles to
other parte of the project,
or is it sufficiently soft

to permit the use of a ripper
and moving it by pans to the
point of ultimate deposit.
The difference between the
cost of the two methods is
considerable and the man who
makes an incorrect analysis
will either lose the work or
a lot of money.

In earthwork, especially
in mountainous terrain,
breakback is a rather im-
portant factor. If the sides
of cuts break back beyond
the line of slopestakes, the
contractor may move a lot of
material for which he will
not be compensated. If the
slope is designed for rock
and the material proves to
be full of planes and will
not stand at the steep slope
for which 1t was designed,
this also can be a costly
factor. It may well be that
the contractor and the engi-
neer do not discover this
until the cut has been carri=-
ed down for & considerable
distance below the original
ground line. In order to
build a revised slope, the
material must be moved from
the higher elevations with
considerable difficulty to
say nothing of the excessive
cost. Geology plays an im-
portant part in an accurate
appraisal of this type of
material before the work is
started.

Rock stratification is
often the cause of many
collateral claims from proper=



ty owners adjacent to the
project. If the character of
the stone is such that the
shock of explosives will cause
it to crack for a considerable
distance on each side of the
hole, a knowledge of this
fact would be of great value
to the contractor. He might
then protect himself by a
different method of loading
the holes as well as by
insurance coverage against
the claims which might range
from cracked plastering and
broken window glass to the
destruction of the building
itself.

In many damage cases Which
actually go to trial in the
courts, the highway geologist
cen be of inestimable value
in giving testimony which
will enable the court to
establish clearly the re=
sponsibility for any damage
incurred. A knowledge that
such expert testimony will
be forthcoming will undoubt-
edly reduce to a minimum
the number of claims made
which have no basis in fact.

Expert testimony in this
field is usually welcomed by
those who desire to be fair
and just in such matters.
Such testimony usually makes
& proper impression on both
the Jjudge and Jjury without
casting any weight in favor
of either the litigants but
in giving a clear and factu-
al statement of any unusual
conditions and other influ-
encing factors.

Thus far our discussion
has covered rather hurriedly
the natural elements present
in the appraisal of the data
available on foundation and
earthwork by the highway con-

tractor. There is another way
and another area in which the
highway geologist can make a
substantial contribution to
the construction of our
modern highways. This is in
the area of local materials
which are suitable for any
part of the construction con=-
templated and which lie
either on the project or in a
reasonable circle of its
location so as to make their
use feasible.

The design standards for
the Interstate System of
Highways require a large
quantity of special material
beneath the surface of the
pavement and on the shoulders
of the road. In many in-
stances all of this material
must be produced in commercial
plants. In some cases there
may be waste material in the
form of rock which can be
utilized by processing
through a portable roadside
crushing plant. This can
then be combined with the
local earth and the finished
product will have a suf=
ficiently high California
Bearing Ratio to make it
usable for & portion of the
required special sub-surface
reinforcement. This is not a
field which should be treated
too lightly. The use of such
materials can greatly reduce
the over=-all cost of a pro=-
ject and, at the same time,
produce excellent results in
service.

There is also the field
of local, pit run materials
which can often be utilized
in the same manner as that ‘
outlined for material pro-
duced from the waste areas
of a project. Tidewater
and Piedmont Virginia still "



have some fine deposits of
materials which might be
used to advantage and which
could produce a worthwhile
saving for the citizens of
the Commonwealth who pay

for our highways. The
Geological Section of the
Division of Tests of our
Highway Department has made
some fine contributions to
our economic well-=being in
the discovery of local
materials and the evaluation
of their use as a part of the
available materials for our
highway needs. We express
the hope that time will per-
mit their continued effort
in this field which has been
so productive.

The present specifications
for the higher types of
aggregate do not make the
production of these products
in roadside plants entirely
feasible. The controls
which are necessary to pro-
duce the desired uniformity
of product can hardly be put
on a roadside crushing plant
without taking from it the
element of mobility. Thus
the discovery of new sources
of material in the area of a
project which might be used
to produce the required
material of the high types
needed is not as important
as it once was. Nevertheless
new aggregate sources are an

‘need.

invaluable asset to every
area, for there may be com-
mercial producers who wish
to open such deposits and
produce a quantity of crush=- z
ed material in answer to the -
foreseeable demand, if it -
be sufficiently large. The

geological surveys made of

several of our construction

districts have proven their

value and this is a work

which is well appreciated.

One of the chief needs is -
that of making our contractox
understand the contribution
which geology can make to his
operations in removing from
them some of those elements
of chance which are so preva-
lent in his business. Geology
will enable him to know the
quality, availability and
possible uses which might be
found for waste materials as
well as in the field of other
local deposits and their
possible combinations for
use on the project.

There is still one other
It is that of asking
the geologist to obtain a
knowledge of the things

which will help the contractor
to understand the contribution
which can be made by the
geologist to his well-being.
The end result in either case
is the same - better and
cheaper roads for our people.



Geology and Transportation Routes

by Robert F. Legget
Director

Division of Building Researck
National Research Council
Canada

\(our symposia on the
application of geological
studies in the practice of
highway engineering are now
so well and favourably known
that it was for me a happy
privilege to have been
invited to contribute to
the proceedings of this, your
ninth annual meeting. That
this year's symposium is
being presented under the
joint auspices of, and within
the walls of the University
of Virginia, makes the
occasion doubly memorable.
For even though I come from
a distant land, I am one
of those who hold the memory
of Thomas Jefferson in un-
usual veneration. Not only
is he a personal "hero" of
mine, if I may venture so to
express my respect, but my
colleagues and I look upon
him as probably the real
founder of building research
in North America, for reasons
that will be appreciated by
2ll who know Monticello.
This meeting would most
surely have won his approba-
tion, here within the
University which he founded
and of which he said "This
Institution will be based on
the illimitable freedom of
the human mind.”;/

It may not be inappropriate
to remind ourselves that, in
keeping with his phenomenally
wide interests, Jefferson had

a lively appreciation of
geology, even though this is
perhaps not generally
realized. Typical of his
interest is this extract
from his Notes on Virginia,
part of a discussion of the
fossil shells found on "the
eastern foot of the North
mountain' : -

"But such deluges as
these (one explanation
of the fossils then
current) will not
account for the shells
found in the higher
lands. A second
opinion has been
entertained, which is,
that in times anterior
to the records either
of history or tradition,
the bed of the ocean,
the principal residence
of the shelled tribe,
has, by some great
convulsion of nature,
been heaved to the
heights at which we
now find shells and
other marine animals.
The favorers of this
opinion do well to
suppose the great
events on which it
rests to have

taken place beyond

all the eras of history;
for within these,
certainly, none such
are to be found; and
we may venture to say

-



farther, that no
fact has taken place,
either in our own
days, or in the
thousands of years
recorded in history,
which proves the
existence of any
natural agents,
within or without
the bowels of the
earth, of forces
sufficient to heave,
to the height of
fifteen thousand feet,
such masses as the
Anges." 2/

Those who know Jefferson's
writings will recognize in
this critical analysis

of others' views the
inquiring mind of the
great President, at work
upon what was probably an
unfamiliar problem. It

is to be noted that these
words were written as
early as 1781, four years
before the first
publication of James Hutton's
"Theory of the Earth'.

In view of this expressed
interest in geology, it is
more than strange that we
find so few references in
Jefferson's writings to
highways and none at all,
so far as my own reading
goes, to the very close
relation of geology to road
building. Possibly this is
due to the fact that the
road from Charlottesville to
Williamsburg, which he
travelled so often, does
not (as I recall it) present
any vivid or striking
reminders of the importance
of geology to the highway
builder. One can imagine
him wusing the long rides
along this ancient roadway

for the meditations which
find expression in his many
writings.

I may console myself,
therefore, for this strange
ommission from the records
of one of my masters by the
possibility that it may have
been when riding along this
very road that he thought
about the necessary service
of scientists from other
lands to the fledgling United
States of America, a matter
to which he refers on several
occasions. May I, with all
due deference, use his words
in defence of my presence
here today? Do you recall
his writing, when he was a
very old man: "I know that
our pride and prejudices
bristle up at the employment
of foreigners, but it is
science we want, and to this
we must sacrifice our pride
and prejudicesS-—emme= we must
meet the difficulty, com-
bPromise with it, and make
up our minds, with the honey,
to swallow the few dregs we
cannot separate from it".3/
Your other speakers are
providing you with honey;
here are the "foreigner's
dregs".

For I do come from a land
far removed from this
pleasant countryside of
Virginia, with a climate
reputedly so bad that it
is probably blamed for the
few "cold blasts from the
North" to which you may very
occasionally be subjected.
It would, therefore, be
invidious for me to attempt
to discuss with you any of
the more detailed problems
which you encounter in your
local highway work. May I,
however, and by way of



contrast, share with some
thoughts about the more
general aspects of geology
in relation to transporation.
Such generalizations can
sometimes be helpful, if
only in providing a back-
ground for more specific

and more technical studies

of particular problens.

There is, for example, an
interesting tale to be told
of the profound influence of
geology upon the actual
selection of early transpor-
tation routes. One can see
that some of the oldest of the
Roman roads followed the
routes they did because of the
local geology, and probably
for no other reason. Think,
for example, of the great
road over the Julier Pass in
the Alps which mounts to the
summit in fewer zigzags than
the modern road and is even
said to be less exposed to
the wind with consequent less
trouble in maintenance even
today.hk /

There is an o0ld military
cansl in Canada, to give a
mor. modern example, Jjoining
our capital city of Ottawva
with Kingston at the foot of
Lake Ontario. Built between
1826 and 1832, in its length
of 130 miles it reflects
quite remarkably the geology
of the country it penetrates,
one stretch (for example)
being along the contact be-
tween the southern projection
of the Pre-cambrian shield
and the adjacent Palacozoic
rocks of the St. Lavwrence
Valley. This is the Rideau
Canal; I hope one day to be
able to study its geology in
some detail.5 / I am sure
that all of you can call to
mind similar examples of the
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influence of geology upon
early transportation routes.

Inland waterways and
pioneer highways had to be
located in conformity with
local geology and topography
in order to ensure suitable
water levels for canals and
2 minimum of construction
work for roads. Correspond-
ingly, the first ports were
not artificially created but
were centres of population
which sprang up around natu-
rally enclosed bodies of water,
or at sheltered river mouths
that provided natural harbours
of refuge. The development,
use and eventual abandonment
of the Roman port of Ostia
due to the silting up of
the mouth of the River Tiber
is & vivid reminder, coming
to us across tWwo thousand
years of history, of the
fact that the great force of
nature must be understood
and controlled if the works
of the engineer are to en-
dure.6 /

It was the coming of the
railway in the early nine-
teenth century, as & world-
wide means of swift and
economical mass transport,
that changed this simple
picture of merely accepting
the limitations imposed by
geology in the locating of
transportation routes. With
the spanning of the continents
by railways, the routes they
followed had to be, as closely
as possible, the shortest
distances between the cities
they joined. Great bridges
and long tunnels were often
the answer to the limita-
tions imposed upon the rail-
way picneers by the geology
of the terrain they penetrated
This called for engineering



and construction of a high
order. In this way came some
of the most notable appli-
cations of geology in engi-
neering, many of them fortu-
nately recorded in the annals
of civil engineering, for our
inspiration and guidance
today.

Only within the last two
decades, however, has any
comparable advance been made
in highway location and
construction. All those
present will know important

roads that even today give one

the impression that they are
but 1little more than improved
cowpaths. But the picture is
changing- how rapidly none
know better than you who have
gathered here to share geo=
logical experience gained in
the design and building of
modern highways. Your great
toll roads, such as the
superb New York Thruway,

have had to meet standards

as exacting in their way as
those used for main line
railways. Even in Canada,
the Trans-Canada Highway,

now approaching completion

as a fully paved road from
Atlantic to Pacific¢, is

being built to high standards,
s0 similar to those in rail-
way work that over the most
difficult stretch of the
route, in the heart of the
Rocky Mountains, the new road
is actually following the
abandoned right-of-way of

the Canadian Pacific Railway.
This is in Rogers Pass, the
0ld railway route having been
given up when the Connaught
Tunnel was opened in 1916.

Even tunnels are not une
known to the modern highway
engineer. Your Pennsylvania
Turnpike made ingenious use
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of abandoned railway tunnels.
Today, you have such cities
as Pittsburgh driving tunnels
of no mean size to assist

in solving their highway
traffic problems. 1In other
lands, too, the same thing

is to be found. Last sunmmer,
when travelling in Norway, I
was more than surprised to
fine what extensive hard-rock
tunnels Norwegian engineers
had had to excavate even on
such a secondary road as that
from Bergen to Nordheimsund,
on the justly famous Hardanger
Fjord.

Even this Scandinavian
work, however, fades almost
to insignificance when com=-
pared with what French and
Italian engineers are now
actively planning, this being
the construction of the Mont
Blanc vehicular tunnel. With
test boring complete, con=-
struction will soon be under-
way (if, indeed it has not
already started) with com-
pletion scheduled for the end
of 1960. The tunnel will
be 39,032 feet long and will
thus be the sixth longest in
the world. Designed for two
lines of traffic, it will be
27 feet. 10 inches wide and
22 feet. 8 inches high;
naturally it will be equipped
with artificial ventilation.
It is anticipated that it
will carry as many as 350,000
cars and 1,500,000 people
every year. Passing directly
under the Mont Blanc Massif,
this great tunnel - when
complete = is certain to add
another significant chapter
to the long record of the
geology of tunnels.

Whether constructed for
road, waterway or railway,
indeed for any other use,

or




tunnels differ but little in
conception or design.
Consider, if you will, at the
other extreme, a bridge re=-
cently completed in Canada
which could not be visualized
as serving anything but high-
way needs, even the character
of which was determined by
geology. This is the new
crossing of beautiful
Okanagan Lake in the interior
of British Columbia, to give
convenient access to the

town of Kelowna. About 3,000
feet wide at this point, the
lake has a bottom such that
it gives most unsatisfactory
conditions for bridge foun-
dations. Accordingly, a
floating reinforced concrete
bridge was considered, to
consist of ten rigid pontoons
200 feet by 50 feet and 15
feet deep. The fact that the
lake water level is controlled
within a range of less than
four feet made practicable a
floating structure. The
bridge had to be built, and so
the floating structure was
designed and is now in
service.l/ The Kelowna
bridge is not, of course,
unique but Jjust the most re-
cent of a small but notable
group of floating highway
bridges which includes the
well-known structure at
Seattle over Lake Washington
and the outstanding arched-
floating bridge at Hobart,
Tasmania.

Bridges and tunnels are
not, however, peculiar to
highway engineering, inter-
esting as they always are to
the student of the inter-
relation of geology and
engineering. Are there any
aspects of what we so loosely
call engineering geology that
are unique, or almost so, to
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highway design and construct-
ion? I submit that there are,
and although they do not carry
with them the dramatic inter=
est of the foundations of
great bridges, for exanple,
they are equally important

and so warrant careful study.
They are all concerned with
the links between road
structure and the local
terrain.

In the first place, the
location of new roads was,
I believe, one of the first
civilian engineering tasks
to which modern techniques
of aerial photo-interpretation
were applied. This branch of
highway work is still a very
special example of the use of
this highly specialized pro-
cedure. There is no need to
discuss the methods now in
use but it is salutory to
recall that what started as a
simple process of route
delineation on unscaled
photographs little more than
a quarter of a century ago
has now developed into a
highly precise surveying -
technique.8-/ The fact that
such accuracy in aerial
surveying is today possible
may tend to obscure the vital
necessity for ground reconna-
issance and location as an
essential supplement to even
the best of aerial photo-
graphic techniques.

Geology and topography,
it is true, can be studied
on the grand scale from the
air, but, certainly for high-
way location, patient exami-
nation of a selected route
on the ground itself would
appear to me to be a con-
tinuing necessity. Even as
we sit here discussing high-
way location work, tractors



and oversnow vehicles are
taking groups of engineers
and surveyors in to campsites
along what will be one of the
last (and one of the toughest)
pioneer highways of North
America. This is the road
that the Canadian Government
has decided shall be built

to link the extremity of the
Alaska Highway, at Keno Hill,
with the Arctic Coast at
Tuktoyaktuk. It will have to
penetrate the rugged and
largely unexplored Yukon and
Richardson Mountains. It
will give access also to
Aklavik, principal settlement
of northwestern Canada, now
about to be completely moved
from one side of the great
Mackenzie Delta to a much
better site on the other,
eastern side.

It was, incidentally, in
connection with the survey
for the new site for Aklavik
that I learned my lesson with
regard to aerial photo-
interpretive techniques.
Study of aerial photographs
of the great delta (an area
of 5,000 square miles) had
revealed. what appeared to be
an ideal site for the new
town on alluvial fans adja-
cent to the Richardson Moun-
tains. It was only as a
result of test drilliing in
the permafrost, as a check
on this selection, that it
was found that the site was
underlain by frozen silt and
not by the sand and gravel
that everyone had anticipated.
9/ The search for the new
site had to continue.

Possibly it is because of
familiarity with the North
that I am so conscious of the
fact that terrain conditions
are, not always what they
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appear to be at first sight.
In northern Canada, for

example, there are vast areas :
of Muskeg, a word used to -

describe organic terrain.
From the air, in summer time,
and indeed even when viewed

at a distance from the ground,
muskeg can look quite beautiful
-lush green in colour, compact
and uniform in surface tex=-
ture. Only when one has to
traverse it, does its real
character begin to reveal
itself-usually waterlogged
(with natural moisture con-
tents up to 1500%), almost
impossible to drain by ordi-
nary methods, and frequently
deriving what strength it has
only from its surface mat of
partially dried organic
material.

Road construction over
muskeg is therefore difficult
work, requiring accurate fore-
knowledge of terrain conditions
which is itself sometimes hard
to obtain, so treacherous can
be even walking over some
types of muskeg. Methods have
been, and are being developed
for road construction over
such terrain. They need not -
be detailed here, but refer-
ence restricted to the fact
that this somewhat unusual
aspect of geology in highway
construction has led to an
entirely new branch of terrain
investigation - the scientific
study of muskeg. Dr. N. W.

Radforth of McMaster Universi-
ty, Hamilton, Ontario, has
been a pioneer in this field
of palaeovegetography but
even his good work is over-
shadowed by what he recently
saw in the U. S. S. R., where
he visited the Russian peat
research institute which has
a research staff of 400 and
1600 students in residence.



Another aspect of muskeg
of vital importance to the
highway engineer in northern
regions is the protective
effect which shallow nmuskeg
deposits have upon perma-
nently frozen ground, the
"permafrost” which is such
a problem in Alaska, in
northern Canada, in the U. S.
S. R. and in Manchuria. If
the ground beneath the
muskeg is fine-grained soil,
and especially so if it is
silt, removal of the muskeg-
the "obvious" prodedure in
road building- can have
permanently damaging effects.
The muskeg restricts the
depth to which thawing will
take place by the end of each
summer (thus controlling the
depth of what is called the
"active layer"). If it is
removed, soll previously
frozen solid can quickly take
on the consistency of soup,
with results that can readily
be imagined.

This is, perhaps, the
most vivid example of the
effect which highway con-
struction can have upon the
terrain which it traverses,
and this is surely one of
the most important inter-
relations between geology
and road engineering. Troubles
with permafrost are Jjust a
reminder that the building
of a road can have a perma-
nent effect upon the thermal
regime of the area covered.
Soil moisture conditions
are similarly affected, in
some cases very seriously.
As road building continues
to spread over this continent,
it is provable that these
effects upon terrain will
have to be given much more
consideration thaa has been
the case up to now. For, as
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my friend Prof. K. B. Woods
has pointed out, approximately
2 percent of the total land
area of the United States is
already taken up by road
surfaces, not all paved it is
true, but different enough
from the natural terrain to
affect profoundly the sub-
surface regime.

There are locations,
naturally, where subsurface
conditions have to be deliber=-
ately changed in order to
permit road construction to
proceed. Drainage is the
dominant requirement in this
respect. The modern use of
sand drains in highway work
has been a notable advance-
although I find myself wonder-
ing if it really is such a
modern advance when I recall
the record I recently came
across of the use of sand
drains in building foundation
work in France as early as
1830. Last summer I was
privileged to see what must
be one of the most extensive
installations of highway
sand drains. This is in
Finland. The construction
of the first divided land
highway in this friendly and
courageous country, between
Helsinki and the ancient
capital city of Turku, has
necessitated more than 500,
000 metres of sand drains
being installed over two
relatively short stretches
of the route where the rocad
must traverse deposits of
unusually sensitive marine
clay. As 1 stood looking at
this interesting installation,
with its precambrian rocky
background, so familiar to
me as a Canadian, I thought
how vivid an example 1t
was of the application of
geology ahd soil mechanics



to the work of the highway
engineer, never thinking that
I should so soon have the
opportunity of describing it
to you here in Virginia.

There is yet another aspect
of terrain study that deserves
brief mention, this being the
use in situ of the soil over
which a highway is to De
located as road building
material. Some friends were
mildly amused when I included
a reference to a pioneer
Australian experiment of
burning clay in situ~ in a
publication of 1939.10/
Earlier confidence has been
justified by recent accounts
of guite extensive experi-
mental work in the treatment
of "black cotton" soils, one
of the most extensive and
troublesome soil groups of
the tropical world, by
burning it in situ and using
the resulting hard material,
when broken, as a coarse
aggregate in the road bed.ll/
We are so profligate in the
use of the road-building
material, which we have
generally in such abundance
in North America, that it is
only the occasional reference
to a shortage of sand and
gravel (heard even in parts
of Canada) that invites
attention to the possibility
that the day may come when
"manufactured" road building
materials may become a
widespread necessity.

Not only in the design
and construction of highways
does the local terrain play
a dominant role in highway
work, leading to unique
applications of geological
study some of which we have
been considering together,
but it is significant also

in road maintenance, the

least publicised, the least E
exciting and yet in some -
respects the most important -
part of highway engineering. g
And local geology is still of
profound significance.

Geologic influence upon
roadbed maintenance and
drainage is obviously im-
portant. Less obvious is
the significance of the
geology of the terrain around
the highway. In areas of in-
cipient landslides, for ex-
ample, local geology must be
regularly observed. Similarly
in precipitously rocky areas,
it will often be necessary to
study local geological
features if maintenance
troubles can include rock
falls. ©Signs by the road-
side indicating the possi-
bility of danger from rock
falls may sometimes be
thought to be a reflection
upon the adequacy of geo-
logical studies in road main-
tenance, and yet there are
many locations where certain
protection from rock falls
could be achieved only at .
prohibitive cost. There 1is _
at least one location in '
North America where highway
practice has had to follow
railroad practice, an
electrically actuated warning
fence paralleling a particu-
larly vulnerable stretch of
road.

In some mountainous regions
there are hazards even worse
than rock falls to be guarded
against in road maintenance.
Avalanches sweeping on to
highways in areas of high
snowfall can exact terrible
tolls of 1life and in property
damage. Fortunately, there
are few areas in North America



where avalanche coantrol work
is a necessity but there are
some. Notable work has been
done in some western states.
Canada now faces this problem
gquite critically since the
finally selected route for
the Trans-Canada highway
through the Rockies goes
through one of the very worst
possible areas for avalanches.
A young Swiss-trained member
of our own staff is now
stationed at Glacier in the
heart of the mountains, at
work as research engineer
with the Department of Public
Works, (responsible for build-
ing the road), applying in
Canada the accumulated ex=-
perience of Switzerland, a
country pre-eminent in snow
and ice research work. In
one ares of that lovely
country, avalanche protective
measures include even design-
ing masonry buildings with
wedge-shaped ends facing

the avalanche slopes.

Having boldly, and without
question, included snow as a
geological agent I should
bring this brief review to a
speedy close before making
further ventures into debatable
territory. But one cannot
mention a place with so
romantic a name as Glacier
without a final reminder that
the inter-relation of geology
and transportation routes is
a reciprocal arrangement.

You will recall that well
over a century ago William
Smith, the "Father of British
Geology", gained his re=-
markable knowledge of the
strata of Britain by his
work as a builder of canals.
Many were the early geologi-
cal papers that described
geology of the country
traversed by pioneer railway

lines. In more recent Yyears,
the same has been true of
pioneer roads, a notable
example being Charles Denny's
paper on the geology of the
country along the Alcan High-
way.l2/ Just as long as
there are new roads to be
build, whether in unknown
country or in the heart of
the continent, if the highway
engineer uses geology for his
good purposes and remembers
also that his works may re=-
veal préviously unseen ex-
posures of the soils and of
the rocks, so will the sunm
of human knowledge continue
to advance hand in hand with
the progress of the spread-
ing network of transportation
routes covering this vast
continent.
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Soils

and Geological Engineering Partners,

Not Competitors

by Alfred W. Maner
Assistant Highway Materials Engineer

Virginia Department of Highways

-rhe ancient Greek histori-
an, Herodotus, recorded &
channel change made in 3200
B. C.
Memphis to straighten a bend
in that famous river of
history. No one knows how
many centuries prior to this
great feat man's first con-

tact with soil as an engineer-

ing material occurred.

Evidences of drains,
tunnels, canals, aqueducts
and other kinds of structur-
es which involved soil
engineering have been found
at sites of early civili-
zations. Many of these
remnants have been found in
Egypt, China, and the low
countries of Europe.

We know that excellent
roads existed in some of the
ancient lands. Materials
for the Great Pyramid of
Cheops were transported over
paved highways. The Crete
road, from Komo to Knossos
was built around 2500 B. C.
of rammed earth and broken
stone. In our own Western
hemisphere the Inca and
Maya Indians built fine
highways 1500 to 2000 years
ago.

The Roman engineers built
some of the most famous of

in the Nile River below
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the ancient structures

which involved the solving
of many problems in soil
engineering. The great
Appian Way and the Roman
roads in Great Britain stand
out as fine examples of their
ingenuity.

After the fall of the Roman
Empire nearly all forms of
scientific activity practically
ceased for a thousand yearg.
As the nineteenth century
approached, interest in things
scientific began to revive.
Although it is recorded that
about 500 B. C. Pythagoras
remarked upon evidences of
the excavation of valleys by
rivers thus beginning the
growth of ideas regarding the
earth, geology, as a separate
science, did not originate
until the last quarter of
the eighteenth century.

The science of geology
progressed during the nine-
teenth century with the organi-
zation of geological surveys,
the establishment of geologi-
cal professorships in colleges
and universities, and other
developments, including the
study and classification of
minerals, rocks and fossils.
It was during this period that
geological information was
recognized as a real aid to

=



engineering.

Since man came out of the
cave, structures had been
built on and of the earth
materials by triasl and error
methods. If a structure
collapsed before it was come-
Pleted the builders simply
started all over again using
larger or different materials.
This method of construction
continued until the structure
stood up. Here was a science
that classified the different
materials in such a way as
to help take the guesswork
out of foundation problems.
Engineering geology was the
netural result of the attraction
of the science of Geology to
the art and science of engineer-
ing.

The year 1925 saw the birth
of the science of s0il mechanics,
the branch of mechanics which
deals with the action of forces
on soil masses. Dr. Karl
Terzaghi "the father of soil
mechanics", has stated that
the science originated under
the pressure of necessity,
almost simultaneously in the
United States and Europe.
Since the soil which occurs at
or near the earth's surface
is one of the most widely
encountered materials in the
¢ivil, architechural, and agri=-
cultural branches of engineer-
ing it is easy to see why
necessity sired the science.
The myriad failures over the
centuries resulting from in-
adequate foundations could
have been prevented had the
designers and builders known
something of the engineering
Properties of soils. The
tower of Pisa is an ever
present example of ignorance
of the principles of soil
mechanics. Had the builders
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been able to prediect the
differential settlement that
has taken place the leaning
tower would not be the tourist
attraction it is today and
Galileo would have had to look
elsewhere for an easy place
from which to make his famous
drop tests.

As in all sciences, soil
mechanics must be applied to
be of practical use to mankind
The application of the princi=-
Ples of soil mechanics to the
practice of engineering is
Soil engineering.

Here, now, we have two
specialized fields, engineer-
ing geology and soil engineer=
ing. What do they have in
common?

The engineering geologist
is concerned with the earth's
crust as related to foun-
dations of structures such as
dams, pavements, buildings,
and bridges, with sub-surface
water, with stability of
slopes, with frost action,
and many other related
problens.

The soils engineer is
concerned with foundations of
structures, such as dams,
bpavements, buildings, and
bridges, with soil water,
with stability of slopes,
with frost action in soils,
and many other related problems.

It appears, that the
engineering geologist and the
s0ils engineer have a lot in
common.

Dr. Karl Terzaghi has said,
"--the determination of the
geological history of sedi=-
ments has become an integral
part of subsoil exploration.
Since it is in many instances



e prerequisite for the relia-
ble interpretation of boring
records, no engineer engaged
in the practical application
of soil mechanics can nowa=-
days be considered competent
unless he has at least a
general knowledge of geology.
On the other hand, the services
which the geologist can render
to the engineer are very
limited unless the geologist
is familiar with the funda-
mental principles of soil
mechanics and their practical
implications".

A limited survey, which
consisted of examining the
curricula in the catalogues
of fifteen colleges offering
degrees in engineering and
geology, revealed that practi-
cally all of the engineering
colleges require the study of
s0il mechanics for a degree
in civil engineering and a
majority have required courses
in general geology or engineer-
ing geology. Two schools
offer degrees in geological
engineering. None of the
schools offering degrees in
geology or geological engi=-
neering require, or even
suggest as an elective, a
course in soil mechanics.

Since this is a symposium
on geology as applied to
highway engineering let us
consider, briefly two special-
ized specialists -~ the highway
engineering geologist and
the highway soils engineer.
Working together, these men
can perform very important
services for the highway
departments.

The ways in which +the
highway geologist and the
soils engineer can work as
partners in producing design
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recommendations for a new
highway are numerous. They
can suggest changes in a-

lignment based on geological
studies of the area, they
can classify excavation,
they can suggest the best
methods for control of sub-
grade moisture, they can
recommend the best methods
for erosion control of slopes,
they can select the ele-
vation of footings for
bridges and recommend the
type of foundation best
suited for the location,and
they can offer many other
services which will result
in a more economical design.

The location of road ma=-
terials, the control of land-
slides, the control of sub-
sidence of fills can be done
most efficiently and thorough=
ly through the partnership of
the engineer and the geolo=-
gist. It is true that one or
the other can do all of the
things enumerated but a much
more thorough job can be done
if each contributes his
specialized knowledge to the
solution of the problemn.

The Virginia Department of
Highways established in 1947
a geological section within
the Division of Tests. Fronm
one geologist and no equip-
ment in 1947 the geology
section has grown to include
eight geologists, a drafts-
man, six drill rigs with
operators, two electrical
resistivity apparatus, vi=
bration measuring equipment,
and other equipment necessary
for the highway geologists
to perform their duties.

OQur geologists duties are
manifold. They work closely
with the Soils Laboratory



in furnishing information
for pavement and bridge
foundation design. They in-
vestigate landslides, make
recommendations for stabili-
zing potential landslides,
investigate blast damage
claims, locate potential
quarry sites, secure infor-
mation on ground water move=
ment. Electrical resistivity
surveys to locate rock profile
have proved to be very accue-
rate and have saved the
State thousands of dollars
in excavation costs.

Our geologists and our
soils engineers work in
harmony but there is still
a competitive spirit between
the two.

Why is there an apparent
rivalry, however friendly,
between the soils engineer
and the engineering geolo-
gist? Maybe it is because
the s0ils engineer has not
studied enough geology. May-
be it is because the engi-
neering geologist has not
familiarized himself with
the principles of s0il me-
chanies. I think that as a
result of the lack of famili=-
arity of each with the other's
science the rivalry mostly
stems from the difference in
nomenclature and, when nomen=
clature overlaps, difference
in definition.

The soils engineer, of
course, uses the geologists
basic rock names but his
definition of rock is not
quite the same. To the
geologist rock "is the ma-
terial that forms an integral
part of the earth's crust.
It -includes loose incoherent
masses, such as a bed of
sand gravel, clay or volcanic
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ash, as well as the fresh
and solid masses of granite,
sandstone, limestone, and
the like". To the engineer,
rock is "considered to be

& natural aggregate of miner
al grains connected by strong

and permanent cohesive

forces.

The engineer recognizes
the term stone as indicat-
ing a certain kind of
structural material. To
the geologist there is no
such thing as stone.

The geologist concedes
that soil is the loose
surface material of the
earth in which plants grow.
Soil, to the engineer, is
a structural material and
is regarded as a natural
aggregate of mineral grains,
plus air, water, organic
constitutuents, and other
substances which may be in-
cluded therein. Soil has been
broadly defined by some engi-
neers as anything that can
be moved with & pick and
shovel, including man made
dumps. This definition will
probably seem extremely inane
to the geologist but to the
engineer who must place a
structure on such material,
man made dumps present Just
as much of a problem as do
muck deposits.

If the soils engineer and
the engineering geologist
would get together and each
strive to understand the
others problems then I be-
lieve that most of the
rivalry would disappear.
How many times have you
heard the engineer and the
geologist arguing over the
definition of soil?

"It is not soil", says



the geologist, "It is
disintegrated rock".

"It is soil because it
is unconsolidated and can be
picked up with a shovel",
says the engineer.

And they are both right.
According to the nomen-
clature and definitions of
geology the geologist is
correct in his statement.
The engineer is correct too
because the conditions
require that the definition
be different. For instance,
it is more likely that
excavation on a project,
it highway, bridge, or
building, will be bid at a
much lower price if de-
composed or disintegrated
rock is called soil instead
of rock.

Also the unconsolidated
materials found in nature
possess definite engineering
characteristics that are
different from their consoli-
dated parent materials. The
parent rock may have measur-
able plasticity, elasticity,
and shrinkability, but these
properties are of little con-
cern in engineering works.
These same properties in soil
are very important to the
engineer and must be measured
accurately.

How can an understanding of
each others problems be
brought about between the
geologist and the engineer?
One way would be to start, in
all the schools of engineer-
ing and geology, to teach
the students of geology a
course in soil mechanics and
the students of civil engi-
neering basic courses in
both geology and soil me=
chanics. We have seen that
most civil engineering cur-
ricule require both geology
and soil mechanics. We have

be
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also seen that the schools
of geology do not now offer
courses in soil mechanics.
It is particularly desirable
that those schools offering
degrees 1n geological engi=-
neering include a course in
soil mechanics.

If this were done the
geologist, when working with
a so0ils engineer on an
engineering problem, would
not be prone to dispute the
terms and definitions used
by the engineer. Likewise,
the soils engineer would be
more likely to accept the
geologists terms and de-
finitions when working on
& geological problem.

What about the thousands
of practicing engineers and
geologists who have not had
the opportunity to study
these courses in school.
Each should be tolerant and
endeavor to learn &s much as
he can about the other's
basic ideas, nomenclature,
and definitions.

A little understanding will
go a long way towards making
soils engineers and engineer-
ing geologists, in reality,
partners, and not competitors.
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A Rapid Method for Determining the
Resistance of Ledge Rock to Freezing

by James M. Rice
Research and Testing Engineer

National Crushed Stone Association

Introduction

The invitation to appear

on your program was origi-
nally extended to

Mr. J. E. Gray, Engineering
Director of the National
Crushed Stone Association.
Due to other commitments,
Mr. Gray was not able to
attend this meeting. The
paper to be presented is
similar in some respects
to one given by Mr. Gray
before the 1957 Annual
Meeting of the American
Institute of Mining,
Metallurgical, and Petrol-
eunm Engineers, and subse-
guently published in the
Crushed Stone Journal(l).l

Effects of Freezing

The ability of an
aggregate to resist the
destructive effects of
freezing is one aspect of
durability. From the
highway engineer's point
of view this pProperty is
particularly important for
aggregates used in portland
cement concrete. It is of
less importance where
aggregates are waterproofed
as in bituminous concrete,
or where the aggregate is
used in a base course where
the exposure conditions are

less severe. Unsound parti-

cles of aggregate may ex-

23

Pand disruptively in concrete.
This expansion may cause
deep-seated disintegration
of the concrete. The
mechanism appears to be that
the expansion of the aggre-
gate causes disintegration
of the mortar surrounding
the expanding rarticle, and
an over-all expansive of the
structure. In the case

of pavement slabs, the
expansive effect may not

be immediately apparent
since the slab in cold
weather is contracted.
However, the residual
eéxpansion remaining may
cause complete closure of
all joints in hot weather.
Additional expansion due

to moisture gain in rainy
weather may be sufficient

to cause blow-ups or buck-
ling of the slab. Associat-
ed with this phenomenon is
map cracking and subsequent
disintegration of large
sections of the pavement (2).

Expansion of an aggre-
gate due to freezing
depends upon the pore
structure, the degree to
which the pores are satu-
rated, the size and
strength of the particle,
and the rate of freezing.
Water expands about 9 per-
cent in volume upon chang-~



ing from the liquid %o the
solid phase, and this ex-
Pansion creates pressure

if confined. 1In an agg-
regate, pressure will not
be developed if the water
is able to move into un=-
filled pore spaces or out
of the boundaries of the
stone. Water tends to

move more freely in pores
of large size than in
microscopic-sized channels.
Restriction of flow in fine
bores permits the develop-
ment of pressures exceed-
ing the strength of the
stone. Thus, it is
rossible that an aggregate
with fine pores may expand
even though not highly
saturated, and an aggre-
gate with relatively large
bPores may not be affected
by freezing when very high-
ly saturated. The critical
Pore size depends to some
extent upon the rate of
freezing. Some investi-
gators have indicated that
pPPre diameters of less than
b or 5 microns are critical
(3) (). A more recent
study indicates that pore
sizes in the range of 0.1
micron are very critical (5).
The size of the aggregate
particle may be a factor in
that it determines the
distance that the water
must be moved through the
capillary system. It has
been suggested that the
critical size of aggre-
gate particles would be

in the range of an inch to
a tenth of an inch (6).

An aggregate in concrete
may behave somewhat differ~
ently than when unconfined.
The hardened paste surround-
‘ing the particle tends to
retard the egress of water

since the paste is relative-
ly impermeable. On the
other hand, the paste,
having a finer texture,
tends to exert more affinity
for the water present in the
concrete. Thus, upon dry-
ing the paste may withdraw
water from rock particles,
and these particles are

not readily resaturated

(6,7).

Soundness Tests
Conventionally, the
soundness of aggregates
is specified in terms of s
maximum loss in a sulfate
soundness test. The test
consists of alternate
immersion of a graded and
weighed sample of aggre-
gate in a saturated
solution of either sodium
or magnesium sulfate, and
oven drying under speci-
fied conditions. The
crystallization of the
salt in the pores of the
aggregate exerts internal
forces which may cause
disintegration of the
particles. The loss in
weight is determined after
either 5 or 10 cycles in
terms of the amount of the
aggregate which passes the
sieve upon which it was
originally retained. This
test is subject to criti-
cism in that reproducibility
leaves much to be desired
and because it does not
actually simulate the freez-
ing action of water. 1In
some cases, the soundness
test has led to the rejection
of highly satisfactory aggre-
gates and the acceptance of
poorly performing aggregates

(8).

In order to more nearly
simulate field conditions,




freezing and thawing tests
have been investigated. The
samples and evaluation of
loss are similar to the
sulfate soundness, that is,
disintegration is measured
by loss in weight. In
order to develop the ex-
pected results, it has been
found necessary to extend
the exposure for as much as
50 cycles, which is too
time consuming unless special
automatic equipment is
available. To accelerate
the test, resort has been
made to vacuum-saturation
of the aggregate prior to
freezing, or substitution
of either brine or alcohol
solutions for plain water
as the freezing mediunm.
Such freezing tests have
not gained much acceptance
and are of questionable
value since aggregates may
cause distress in concrete
without any appreciable
disintegration of the
aggregate itself.

A more reliable method
for evaluating the durability
of aggregates is to subject
concrete specimens containing
the aggregate to freezing and
thawing. Performance in the
test may be evaluated by
measurements of expansion or
changes in frequency of
vibration. By the use of
air-entrainment, it is
bPossible to protect the
hardened cement paste portion
of the concrete from the
destructive effects of
freezing. When so protected
disintegration of the
concrete may usually be
attributed to the aggregate.
At present, the American
Society for Testing Materials
has four concrete freezing
tests in the tentative phase
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of standardization. The NCSA
Laboratory has the necessary
automatic freezing and thaw-
ing apparatus (9) for per-
forming ASTM Designation (C291-
52T, Tentative Method of Test
for Resistance of Concrete
Specimens to Rapid Freezing
in Air and Thawing in Water.
The concept of these ASTM
tests has been criticised by
Powers (7) on the basis that
they merely measure the rate
of disintegration and are
unusually severe. There is
some Justification for such
criticism, however, it is
believed that either a very
good or very poor performance
in the test is some indica-
tion of the field behavior to
be expected. When the per-
formance in the test is Dbe-
tween these extremes, the
significance as an indication
of potential field behavior
is subject to controversy.
One disadvantage of the test
is that it is time consuming
due to the curing period of
the concrete and the length
of exposure which usually
consists of two to three
hundred cycles.

NCSA Core Expansion Test
The core expansion test
consists of measuring the
growth or linear extension of
2 cylindrical specimen of
ledge rock caused by freezing
and thawing.

PREPARATION OF SPECIMENS

Specimens are normally
drilled from pieces of ledge
rock perpendicular to the v
bedding planes, if any. Field
cores may also be used if of
appropriate size. The size
should be not less than the
maximum size of the aggregate
used in the concrete. The
diamond~faced core drill used



in the NCSA Laboratory
produces specimens 1l.75 in.
in diameter (Fig. 1). The
cores are sawed to 2.0 in.
lengths with a diamond cut-
off saw, and the ends are
ground plane against a glass
plate using carborundum grit.

Selection of specimens
is sometimes difficult due to
seams and cracks. The speci-
mens should be representative
of the ledge material but
open seams and cracks should
be avoided since they would
probably disappear in the
process of blasting and crush-
ing.

Apparatus

The principal item of
equipment aside from the
freezing apparatus is the
core length comparator shown
in Fig. 2. The comparator
consists of a micrometer dial
attached to a column support
which is fastened to a base
plate. The dial has a range
or travel of 0.1l inches and
is graduated in increments
of 1/10,000 of an inch. Three
short posts with slightly
rounded tops are mounted on
the base plate concentiric
with the axis of the dial
plunger for supporting the
specimen. Two small angles
are mounted radially to the
two rear bearing points to
act as a guide for position-
ing the specimen. A steel
cap which has three posts on
one side, similar to those in
the base, and a collar
centered on the other side to
receive the dial plunger is
placed on top of the speci-
men. To insure that readings
are not affected by dis-
turbances of the dial mount-
ing, a 2 by 1 3/4in. diameter
mild steel reference standard
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is provided.

Procedure

The core is identified
with India ink and three
equidistant marks are made
on the top face for position-
ing the specimen in the com-
parator. The air-dry weight
of the specimen is determined,
and also the weight in water
and surface-dry weight for the
purpose of computing absorp-
tion and specific gravity.The
ovendry weight may be deter-
mined after completion of test
or a correction factor may be
obtained from a separate
sample.

The initial or base
comparator reading is made
after soaking, although a
reading may also be made on
the specimen before soaking
in order to detect expansion
due to soaking. Length
measurements are made in a
water bath maintained at the
prevailing room temperature
(Fig. 3). The specimen is
seated upon the three base
points and the steel cap is
positioned on top and under
the dial plunger. Readings
are made at three positioans,
recorded, and averaged. The
steel reference standard is
read before and after each
group of specimens. Speci-
mens are wrapped in alumi-
num foil while in the freezer
in order to retard evapora-
tion of water (Fig. 4). The
specimens are frozen in air
at O F and thawed in LOF
water. Prior to acquisition
of the automatic freezing
apparatus only one cycle was
obtained daily, but now it
is possible to obtain ten or
more cycles daily. Cores are
periodically removed from the
freezer and measured for ex-



pansion. The exposure is
usually terminated at 50 or
100 cycles, or sooner if the
measured expansion exceeds
0.1 percent. Presently, a
rate of expansion greater
20 x 10"~ in. per in. per
cycle (0.1 percent in 50
cycles) is considered ex-
cessive. Therefore, 50 cycle
test results can be obtained
in 5 days exposure. Allowing
two days for preparation of
specimens, it follows that
results can be obtained in

a week.

than

Effect of Degree of
Saturation & Absorption

The saturation condition
of the specimens is a contro-
versial factor. Should the
specimen be saturated by a
period of water immersion
which will probably not
result in complete filling
of permeable pore space? Or
should it be highly and
practically conmpletely
saturated by vacuum? Our
thinking is that vacuunm
saturation is not realistic
unless a stone is very highly
saturated when quarried and
used without any drying such
as might be obtained by
stockpiling. However, for
very severe exposure condi-
tions, where the concrete
will be in prolonged contact
with water under hydrostatic
pressure, vacuum-saturation
is believed to be justified.
If the concrete is to be
subjected to alternate wet-
ting and drying as in &
pavement, the specimen
should be immersed in water
for 24 hours.

Fig. 5 shows the effect
of the initial saturation
conditions on the expansion
of eight ledges which are
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are from three Midwest lime-

characterized by excessive
expansion when highly
saturated. 1 These ledges

stone guarries which have :
been reported to be sources
of aggregates with poor per-
formance records. The texte
ures of these ledges were
fine and free from macro-
pores. All of the vacuum-
saturated cores showed high
degrees of saturation and
very rapid expansion =~ more
than 0.1 percent in ten
cycles or Jless. Companion
cores, when only partially
saturated by 24% hour immer-
sion performed much better.
Two of these cores (Nos. 1

& 3) eventually failed but
the remaining six were

sound after 80 cycles even
though they became more
highly saturated. These
results would tend to con-
firm the observation that
highly saturated, absorptive
aggregates are not durable.
However, there are notable
exceptions such as are il-
lustrated in Fig. 6. These
ledges represent two Mid-
west limestone quarries

that have good service re-
cords. Rocks in this group
were coarsely textured and
contained some macropores.
These cores had relatively
high degrees of saturation
and high absorptions, yet
they performed well in the
expansion test.

The examples illustrated
in Fig. 6 were selected to
show that high levels of
total porosity or absorpticn
are not necessarily indica-
tions of poor performance.
It can also be shown that
rocks with low absorption
may be nondurable. Fig. 7T
shows the expansion curves



for several ledge cores with
absorption values ranging
from 0.27 to 1.69 percent
(by 24 hour immersion).
These cores represent ledges
from two limestone guarries
in the Northeast. The lime-
stones may be classified as
argillaceous and carbon-
aceous. The textures were
very fine and free from
macropores. Comparison of
the 24 hour and vacuum
absorption values shows that
these ledges were only
partially saturated by 24
hour immersion, yet each

of these ledges expanded
rapidly. It is suspected
that clay minerals may have
contributed to the rapid
failure.

Correlation with Other Tests

Mr. Gray's paper,
previously referred to,
included a comparison of
core expansion results with
sodium soundness losses for
38 samples of ledge rock. He
concluded that "A study of
the data reveals the lack of
dependability of the sodium
sulfate test to detect this
type of unsoundness."

Additional information
about the expansion test has
been acquired in conjunction
with a cooperative investi-
gation of aggregates con-
ducted by Sub-committee II-g
of ASTM Committee C-9 (Con-
crete and Concrete Aggre-
gates). This Subcommittee
is interested in research
on the pore structure of
aggregates. Seven samples
of ledge rock were distri-
buted to several laboratories.
These laboratories made
certain measurements including
the linear expansion due to
freezing, porosity, internal
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surface area by nitrogen
sorption (10), and permeabil-
ity coefficient. Available
results of this program are
listed in Table 1. The

data show a good correlation
between expansion and poro-
sity for these particular
samples. The internal sur-
face area measurements are
also in agreement with the
expans ion values. The corre-
lation with the permeability
coefficients is less satis-
factory.

The NCSA Laboratory is
presently investigating the
correlation of the core ex-
pansion test results with
expansion of concrete speci-
mens containing aggregate
crushed from the same ledges.
For both tests the stone was
vacuum saturated prior to
test.

These tests are not yet com=-
plete, but some preliminary
observations are interesting.
Of the six ledges involved,
three showed high expansion
in the core test, and of
these three, two showed high
expansion (after 100 cycles
of freezing) when used in
concrete. However, the rate
of expansion of the concrete
is much lower then than that
of the cores. This could be
due to the cushioning effect
of the mortar surrounding the
aggregate, and also to the
size of the aggregate. The
aggregate for the concrete
graded from 1 1/2 to 3/8

inch in size, whereas the
minimum dimension of the core
specimens was 1 3/4 inch. The
critical size for these parti-
cular ledges may be less than
1 3/4 inch. For example, if
the critical size were 1 inch,
particles smaller than this



Table 1.

Correlation Results

Sample] Type of Linear 1 Permeable Internal 2 Permeability 3

No. Stone Expansion Porosity, Surfece Area-~|Coefficient,
Percent Percent m 2/g Millidarcys

1 Dolomite 1.5k 16.9 6.05 2.8 x 10-2

2 Dolomite 0.36 9.7 3.60 1.3 x 10-3

3 Diorite 0.00 0.4 0.01 3.5 x 10-7

L Granite 0.01 1.2 0.1lh4 1.4 x 10-3

5 Graywacke 0.08 6.0 2.60 T.3 x 10-k4

6 Quartzite 0.00 0.5 0.00 1.0 x 10-3

7 Quartzite 0.00 0.k 0.00 1.1 x 10-5

1 By NCSA Core Expansion Test, 100 cycles after prolonged immersion

2 Tests performed by National Bureau of Standards (8)

3 Tests performed by Portland Cement Association (10)

size would be unlikely to ex-
pand when frozen. The third
of the three ledges which
showed high expansion in the
core test has not shown sig-
nificant expansion in the
concrete specimen. The
reason is not yet apparent
but it is suspected that the
core specimens contained a
single seam of frost suscepti-
ble material - a weak plane -
which caused expansion and
failure by cracking in the
core test. This seam was
apparently eliminated in the
crushing of the ledge for

the concrete aggregate. This
phenomenon tends to emphasize
one of the limitations of the
core expansion test.

Summary
The NCSA Laboratory has
performed this test on many
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specimens representing vari-
ous ledges from several
quarries. The method seems
particularly useful for de-
tecting the presence of non-
durable ledges in a quarry.
One advantage of this pro-
cedure over soundness tests
in which only disintegration
is measured is that it will
detect aggregates which

may expand without apparent
fracture. In several in=-
stances we have been called
upon to investigate gquarries
which have stone that is
apparently sound as measured
by sulfate soundrness and un-
confined freezing tests. Yet
the stone has allegedly
caused excessive expansion
and blow-urs in concrete
pavements. By detecting the
expansive ledges, we have
been able to recommend

IR
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selective quarrying so as to
eliminate the offending
stone. Thus, gquarries that
would have had to curtail
their activities, or perhaps
shut down, have been able to
continue in operation.
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Recent Developments in Soil Sampling

and Core Drilling

by William L. Fornwald
Sales Engineer

Sprague and Henwood, Inc.

[)iamond core drilling had
its beginning in Europe. In
1863, a Swiss engineer con-
ceived the idea of using
diamonds in an annular ring
for drilling blast holes in
rock. The first machine was
hand operated and the bit
drilled a hole approximately
1-5/8" in diameter, and re-
covered a core of approxi-
mately 1-3/16". ©Next, a
steam powered rig was used
in the driving of the Mt.
Cenis Tunnel between Italy
and France during the year
1864. This unit had a bit
speed of 30 RPM and a pene-
tration rate of 10-12 inches
per hour. In 1867, M. C.
Bullock was issued a United
States patent for a stean
driven diamond drill. 'This
machine operated at 250 RPM
and was used to drill a 750
foot hole in search of coal
near Pottsville, Pennsylvania
in 1870.

Steam was the chief source
of power for diamond drills
until the period immediately
following World War I, when
the gasoline engine came to
the forefront.

The early single-cylinder
gasoline engines were put to
use driving belt driven rigs.
Diamond drilling had taken a
long step forward. For the
Tirst time here was a rig

that was more easily porta-
ble than the heavy and
cumbersome steam rig with
its high pressure boiler.
Multiple cylinder gasoline
engines soon replaced the
old "Hit and Miss" types as
users demanded more power
and smoother operation. The
prototype of the present day
core drill with its multiple
speed transmission and wire
line hoist was developed
about 1938.

The present day drill
machines have changed very
little in the past twenty
years. The first major
change involved the swivel
head.

This is the part of the
machine that provides both
the rotation and the down-
ward feed of the bit. All
of the early drills had
either a hand feed or me-
chanical screw feed ar-
rangement. This was re-
Placed at first by a water
operated hydraulic swivel
head and later by an oil
operated hydraulic feed.
The o1l operated system
reguired a high pressure
constant volume variable
Pressure o0il pump with a
reservoir and control
valves. Screw feed heads
are still being used for
some operations. However,



the infinite degree of
control over the downward
rate of feed has made the
hydraulic swivel head the
most desirable type. It
has been our experience
that diamond bit life is
materially increased by the
smooth feed action of the
hydraulic swivel head. With
the development of the closed
hydraulic o0il circulating
system other applications
for the hydraulic power
came into being.Hydraulically
operated derricks;retract-
ing cylinders for moving
the drill assembly on and
off the hole; hydraulic
chucks; and the latest
development, a hydraulical-
ly operated "free fall"
drive hammer., All of these
devices have been aimed at
reducing operator fatigue
and increasing the actual
drilling time during the

8 hour shift.

In their search for other
ways to reduce operating costs
many users turned a critical
eye in the direction of the
diesel engines. Despite the
higher initial cost of the
diesel unit, compared to a
gasoline engine of equal
horsepower, the diesel
promised substantial economy
in fuel costs and reduced
maintenance to offset the
larger capital investment.
Recently one of our customers
reported operating a diesel
driven rig for a full 8 hour
shift on 5 gallons of fuel.

In many drilling Jjobs,
especially in the foundation
investigation phase of high-
way work, more time is con-
sumed in getting the drill
rig to the hole site than
in actually drilling the
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hole. The skid type rig,
although the most widely
used -and generally most
flexible, was not ideally
suited for the continuous
moving and shallow hole
drilling generally found

in this type of work. To
combat the increased costs
associated with frequent
moves the trailer mounted
core drill was developed.
Generally, this is a two
wheel pneumatic tire trailer
with provisions for a derridk.
Screw jacks are provided to
level the drill platform and
stabilize the unit. Recently
we developed a low bed trailer
for use with a standard

skid mounted rig. In this
set-up we have achieved the
portability of the con-
ventional trailer mounted
rig and still retained the
flexibility of the skid )
mounted unit. The advantage
of the low bed unit is that
if the hole location can be
reached by the trailer, the
drill remains on the trailer
and the hole is drilled from
the mounted position. On
the other hand, if the hole
cannot be reached by trailer,
the drill is dismounted and
skidded "on location".

In some areas of the
country most drill hole
locations are easily
accessible by truck. This
wvas a logical reason for
the development of a truck
mounted drill rig. The
size and depth of hole and
the type of drilling general-
ly dictate the size of the
truck mounted unit required.
Fourwheel drive trucks have
proved very satisfactory in
moving over rough terrain.

Recently we developed an-
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other completely different
type of mobile drill. A
Fordson Major Diesel tract-
or provided both mobility
for the drill unit and power
for the drilling operations
through the power take-~off.
Two such units are current-
ly in the field and the
purchaser reports that they
have surpassed their fondest
expectations. We think that
there is a good market for
this unit. The drill can
be easily dismounted from
the trailer and temporari-
ly replaced by a back hoe,
or other rear end attach-
ments., Or, the drill can

be left in place and
attachments, such as a

front end loader, added to
the unit. This feature
should appeal to a contract-
or, who already has a tract-
er, and would like to have

a drill unit.

In a study of the major
costs of any drilling oper-
ation, it is readily
apparent that direct labor
charges, plus supervisory
costs, constitute the
largest single iten.

Second to labor is the

cost of diamond bits.
Actually the entire time
allotted for this paper
could easily be spent in a
discussion of diamond bits.
Sprague & Henwood was the
pioneer in the development
of "oriented" bits. In
this process, the individu-
2l diamonds are oriented in
the bit, in such a way that
the hardest part of the
diamond is in contact with
the material being drilled.
Recent studies have 1indi-
cated that three major
factors influence the
performance of a diamond

33

bit:
l. The grade of diamonds.
2. The size of diamonds.
3. The type of matrix.

Orientation of the diamonds,
together with the right com-
bination of the three major
elements of the bit, must be
worked out in order to give
the user the best bit for
his particular type of
drilling. When this is

done with care, and followed
by field testing, the final
result can be a lower cost
for each foot of drilling.
For many years, Sprague &
Henwood has maintained a
consulting service on
diamond bits to assist the
user to either reduce his
cost per foot, if this is

at all possible, or to

hold his cost at the lowest
practical level.

I would like to mention
that at this moment we are
actively engaged in the
development of Masonry
diamond bits, and a special
machine for taking concrete
cores in connection with
highway pavement testing.
The use of Masonry diamond
bits for drilling holes in
ceramic tile, stone, brick,
plastic, or reinforced
concrete, has been expand-
ing rapidly.

The newest development in
drilling accessory equipment
other than sampling devices,
is the "W" series drill rods.

The Diamond Core Drill
Manufacturers Association
was responsible for the
development of this new



series of rods. The "W"
designation was selected
to represent "World Wide",
as it is hoped that the
specifications for these
rods will be adopted on a
world-wide basis. The
chief advantages of the
"W" series rods are:

l. The rods have a
larger cross sectional
area. This means a more
rigid drill string with
less tendency to deflect.
The closer fit in the hole
tends to lessen vibration
resulting in reduced wear
on the machine.

2. Improved thread
design makes it easier to
couple and uncouple the
drill string.

3. Larger openings in
the couplings allow more
water to reach the face
of the bit. This is
important in preventing
the bit from being burn-
ed, and also to facilitate

the removal of the cuttings.

4., The larger outside
diameter of the rods means
a smaller annular space in
the hole. This means an
increase in velocity of the
discharge water because of
the smaller space, the in-
crease in velocity results
in better cutting removal.

Without a doubt, the
most recent developments
have been in the soil
sampling or foundation
investigation phase. To
get the sample so that it
can be examined and tested
is not always as easy as it
would seem. Gone are the
days when all that was

34

necessary was to drive down
an open end pipe, £ill the
end with whatever was at
the bottom of the hole and
bring it up for examination.
This was, of course, dis=-
turbed sampling in its
crudest form. Today the
emphasis is more and more
on the recovery of a sample
in as nearly its natural
state as possible. '

Bach type soil has its
own characteristics and
its own sampling problems.
For some time we have had
the well known split barrel
samplers, solid barrel
samplers and other modifi-
cations of this basic type.
These are all driven into
the soil by a drop weight.
Plastic materials on the
other hand regquired a
different approach, and we
have seen the development
of the "thin wall" Shelby
tube and Piston type
samplers, both of which are
designed to be pressed into
the material to be sampled.

A modification of the
original thin wall piston
type sampler was recently
marketed under the name of
Greer & McClelland Hydraulic
Piston Type Sampler. This
sampler is forced into the
soil in a semi-explosive
manner by means of hydraulic
pressure. Water under
pressure is forced down
through the drill rods.

When sufficient pressure

is built up, a pin shears
and the pressure drives the
sample tube forward. This
method eliminates the need
for the extra line of piston
rods reguired with the
earlier type sampler.

Another item of interest



is the 1" Retractable plug
sampler. This highly porta-
ble, self-contained sampler

is designed to be driven by
a hand operated drive welght.
In actual operation the
sampler is driven down to
the depth at which it is
desired to sample. The

plug in the end of the
sampler is withdrawn and

the sampler is driven

ahead for approximately 36".
The sampler is then with-
drawn and the 6" brass sample
tubes containing the soil are
removed. The sampler, as its
name implies, recovers a

soil sample 1" in diameter.
It has a practical limit of
about 50 feet in depth.

Soils Engineers have long
considered the possibility
of some method for accurate-
ly measuring the bearing
strength of soil in situ. This
possibility has now become a
reality in the Vane Shear
tester. Vane shear testing
is a mechanical method of
measuring the torque required
to shear a cylinder of soil
place. On the Sprague and
Henwood Vane Shear Tester
the force measuring instru-
ment is a Dillon Strain gauge,
which works on the principle
of measuring the deflection
of a cantilever for load
calibrations. The strain
gauge measures the input
force on a known movement
arm and the torque is comput-
ed in inch/pounds. By using
a prepared chart of applied
torque we can determine the
shear strength of the soil.
The handle, or crank, of the
tester is designed to turn
at 60 RPM causing the Vane
to revolve approximately .2
of a degree per second. The
high reduction between the
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input handle and the vane,
together with the slow speed
of rotation of the vane,
reduces the input force to a
negligible amount. This was
done deliberately to reduce
human error insofar as
possible.

The sampling device, which
has currently aroused the
greatest interest, is the
Swedish Foil Sampler. In
order to better appreciate
the advantages of the foil
sampler it is necessary that
we review the limitations of
other samplers.

Generally speaking, the
properties of soil change
much more rapidly in the
vertical than in the
horizontal direction,
thus, it is logical to
assume that the spacing of
samples in the bore hole is
far more important than the
spacing of the bore holes
themselves. The fact that
often a very thin layer of
soil may be of tremendous
importance dictates that
the samples of soil be
taken at relatively close
intervals, or, as often is
the case, continuously.

and,

In present day, continu-
ous sampling operations
using the piston or "Shelby"
samplers, while referred to
as continuous, in practice,
it is never just that.
Accuracy in the measure-
ment of the depth at which
a sample 1is taken is not
constant. It is very easy
to have an error of an
inch or more for each
sample taken. The accumula-
tion of such errors can
present an incorrect
picture as to the actual



depth at which one particu-
lar sample, or portion
thereof, was recovered.
Another problem is that

the lowest part of a

sample may fall out and

get lost during the with-
drawal of the sampler. It
can be seen that every soill
layer which comes between
two samples may appear on
the boring log to be a few
inches thicker or thinner
than it really is. A thin
layer may, under some
conditions, entirely escape
detection.

The upper and lower
portion of each sample
taken with conventional
samplers is generally
digbturbed. Only the middle
section can be considered
as undisturbed. The upper
section of the sample is
injured by torsion, or
tension, when the previous
sample is separated from it.
Additional damage is done
by friction against and
adhesion to the inside of
the sampler when the top
section is forced through
the entire length of the
sample tube. Furthermore,
the lower part of the
sample i1s also damaged by
torsion, as it is separated
from the subsoil.

When a conventional type
of sampler is forced into
the ground, the tube will,
to a degree, pull the core
of soil formed inside it
downward. The downward
movement of the sample is a
result of friction and
adhesion on the inside of
the tube. As a consequence,
part of the soil immediately
below the cutting edge of
the sampler will be forced
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away laterally instead of
entering the tube. The
extent to which the soil is
forced away from the mouth —
of the sampler will depend -
largely upon the softness -
of the material, and the

length of the harder core

already formed in the tube.

It is understandable than

that the natural strata

represented by the core

will be present at a thick-

ness reduced to an unknown

extent, and with a structure
disturbance to an unknown

degree.

The main disadvantage of
existing samplers is that
they can take only relative-
ly short samples. This is
due to the slide resistance
between the core sample and
inside wall of the sample
tube. As the length of the
sample increases, the slide
resistance becomes greater
with increasing excess
pressure at the cutting
edge. When the safe length -
of sample is reached, the
excess pressure is so high
that part of the soil, -
under the mouth of the
sampler is pushed aside.

The addition of the tight
fitting piston to the piston
type sampler has aided
naterially in increasing
sample recovery because the
suction created assists in
keeping the sample in the
tube during withdrawal, and
at the same time reduces
disturbance of the sample
to a marked degree.

In some cases, samplers
have been given a small
inside clearance by turning
in the cutting edge of the
tube. The premise was that



this increase in the clear-
ance between the cutting
edge and the inside of the
tube would reduce the slide
resistance by reducing the
pressure in the sampler.
However, it must be kept

in mind that the total
pressure, which in the
first place is reduced,

has no appreciable influ-~
ence on the slide resist-
ance.

The basic principle and
the one which has contri-
buted to the phenomenal
success of the foil sampler,
and the one from which it
derives its name, is the
method of insulating the
core, or sample, from the
inside of the sampler by
means of a number of thin
axial strips of foil. The
upper ends of these foils
are attached to a piston
placed in the sampler
immediately above the
core. The piston, which,
by the way, is not tight
Titting, is attached by
means of a chain or a
rod to the driving
scaffold at the surface. In
this way the piston, together
with the foils, are kept on
a constant level while the
sampler 1is forced down.
During the advance of the
sampler, the inside walls
slide against the foil. The
resulting friction causes
a pulling force in the foils
and their anchorage, but
does not affect the core.
There is no slide whatso-
ever between the core and
the foils which encase it.
If for some reason that
core should tend to more
downward or upward, this
movement is immediately
prevented by the friction
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and adhesion between the
foils and the core. Thus,
the recovery ratio is auto-
matically kept equal to 100%.
It can be seen that the
friction against and ad-
hesion to the surface of
the core, which are the
main causes of difficulty

in other samplers, have

in this way been turned
into useful forces, which
keep the original thick-
ness and structure of each
so0il layer unchanged on its
way into and upward inside
the sampler. During the
withdrawal of the sampler,
the foils follow the move-
ment and each part of the
core hangs on its part of
the foils by friction and
adhesion.

The lower end of the
sanpler is shaped into a
sharp cutting edge. This
bottom portion is a double
wall construction, provid-
ing a magazine for the foils.
The foil passes from the

magazine through a hori-

zontal slot in the inner
wall into the interior of
the sampler and runs from
there upward between the
core and the sampler wall
to the piston. As the
sampler is forced down,
each coil of foil unwinds
and covers g portion of the
core as it enters the
sampler.

"The sampler has 16 rolls
of foil 7/16 inches wide,
and the foils cover nearly
the whole circumference of
the core. Foil thicknesses
of .0025 inch to .008 inch
are available. The maximum
length of the foils vary
according to their thick-
nesses but approximately



70 feet of .006 inch foil
can be inserted.

In a stress free state,
the foils lie flat in the
sampler. They are, as a
rule, bent laterally as
they pass from the magazine
into the inside of the
sampler. This bending
exerts an elastic radial
pressure on the core. The
lateral elasticity of the
foils serves as an excellent
regulator of the lateral
stress in the core and,
hence, also of the axial
stress in the foils. With-
out these regulators, even
a small swelling of the
core, or small variations
in the inner cross-sectional
area of the tube would cause
the foils to get stuck and
even break.

It is well to note that
at no time is the sampler
revolved for even a part
revolution--not even to
break the core. Torsional
movement of any kind would
tend to quickly break the
foils.

The construction of the
sampler tube is somevhat
unique. The tubes are
connected by couplings
having right hand flat
threads. The couplings are
split longitudinally into
two halves kept together
by an upper and lower
conical ring, locked in
position by set-screwvs.
Due to this design, the
tube sections can be dis-
connected from one another
without turning. After the
sampler is withdrawn, the
coupling can be removed,
the foils cut, the sample
or core severed, and both
ends of the tube capped
for shipment to the labora-
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tory. The foils are not
cut off flush with the
upper end of the tube. This
provides a means of refast-
ening the foils to an aux-
iliary pulling device in
order to remove the core
from the tube for further
testing. It should be
noted that this method of
division prevents the core
from subsiding within the
sample tube.

After considerable
experience it has been
found that this new
sampler will give the user
nuch better information
about the ground in one
operation than that obtained
by.any other previous method
in a reasonable number of
operations., Coring with
the foil sampler is more
expensive than intermittent
sampling with very wide
spacing, but generally, it
is less expensive than inter-
mittent sampling with close
spacing. At the present
time, it is difficult to
establish a break-even point
between the cost of continu-
ous sampling with the Foil
Sampler as compared to inter-
nittent sampling with other
methods. Local conditions
will greatly determine the
value of foil sampling.
Where important structures
are involved, a wide spacing
of samples is out of the
question, and for many
reasons 1t seems clear that
the new sampler will work
faster, and at a lower cost,
than the other types.

Where a thin layer of soil
could be fatal, it must be
searched for continuous
sampling and here is where
the Swedish Foil sampler
excels.



Ammonium Nitrate As an Explosive

George J. Dole
Out Technical Sérvice Department

Monsanto Chemical Company

A;mmonium Nitrate has been
used as an ingredient in ex=-
plosives for many years.
During the last several years
Ammonium Nitrate has been
used as an explosive without
compounding and packaging.
The large tonnages of this
product produced for fertie
lizer use provided a ready
and inexpensive source once
the technology was advanced
enough to take advantage of
its availability and low
coet.

Ammonium Nitrate, in the
past, has been used as an
explosive in two ways:

l- As an extender and gas
former to supplement & high
explosive, such as TNT or
nitroglycerine.

2« As a low=-speed, low~
cost explosive.

In the second instance
Ammonium Nitrate was mixed
with carbon black, sulphur,
sawdust, or other such com-
bustibles to form more gas
from excess oxygen available
in an Ammonium Nitrate de-
composition reaction. When
this second type of explosiwe
is detonated, the speed of
detonation is approximately
thet of Ammonium Nitrate.

A totally different manner
of using this product as
a high explosive is now being
practiced. When fuel oil
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(approximately 5% wt.) is
mixed with Ammonium Nitrate,
the decomposition reaction

is changed. The fuel oil is
apparently in such intimate
physical contact with the
decomposing and reacting
Ammonium Nitrate that it
enters into the primary or
first decomposition reaction.

We draw this conclusion
for two reasons:

l= The speed of the decom=
position reaction is raised
from 2,000 M/sec. for Ammoni-
um Nitrate plus dry additives
to 4,000 M/sec. for Ammonium
Nitrate and fuel oil.

2= The self-propagation
limit can be lowered from 9
inches minimum diameter to
approximately 2 inches di=-
ameter when fuel o0il is used.

This property of fuel oil
to change Ammonium Nitrate
from a low-value explosive to
& high-value explosive at
virtually no extra cost ex-
plains the popularity and
acceptance of the method.
This product and method com=
bination is now widely used
in construction work, mining
and quarrying.

The term "overdrive" des-
cribes that property of ex-
plosives which enables thenm
to detonate at a rate great-
er than their self-propagat-
ing detonation rate. If, for



example, & mass of explosive
which detonates at 7,000 M/
sec. is set off in contact
with another explosive which
detonates at 4,000 M/sec.
then this 4,000 M/sec. ex-
plosive will decompose at

a rate higher than 4,000 M/
sec., but somewhat lowver
than 7,000 M/sec. for a
given distance. Therefore,
when Ammonium Nitrate is
used, as much of the Ammoni-
um Nitrate must be as close
t0 &8 higher rate detonator
as possible, especially in
small diameter holes. This
is done by attaching the
detonator to the primacord
or dropping a cartridge of
dynamite into the hole at
definite intervals until the
proper percentage of deto-
nator by weight is obtained.
The preferred method is to
use a continuous strand of
heavy primacord designed
specifically for this purpose
of overdrive detonation.

If we use this principle
t0 detonate Ammonium Nitrate,
we can take the detonsation
rate from approximately k,000
M/sec. to over 6,000 M/sec.
Hard rock usually needs a
shock of approximately 5,000
M/sec. in order to shatter
well. For maximum value
from Ammonium Nitrate and
fuel oil, an overdrive de-
tonating system should be
used. This method of de=
tonation gives excellent
results in a variety of
strata from granite or hard
limestone to soft shale. Ve
have shown that by varying
primer strength and percent-
age of primer by weight,
Ammonium Nitrate performance
can be varied to act charac-
teristically as the primer
acts. That is, Ammoniunm
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Nitrate will give results .
comparable in most respects

and better in many, than a

hole shot with all primer.

By using a continuous

column detonator such as a

heavy Primacord,* the entire

mass of explosive detonates

at the highest possible rate.

A great many explosives
users categorized explosives
into fast explosives with
low gas production or slow
explosives with high gas
production. To some extent,
this was a valid working
premise. However, the
categorization by these
characteristics has caused
some confusion when Ammonium
Nitrate is described.

Ammonium Nitrate can be de-
tonated at a high rate, and
this high rate enhances its
already unusual gas pro=
duction, since the speed

of the detonation largely
determines its peak temper-
ature and the temperature
determines the volume.
Ammonium Nitrate and fuel oil
detonated at a high rate
therefore provides both ex-
ceptional shattering power
and the lifting action of a
high gas production desired
in most blasting operations.
The explosives user is able
to obtain for the first time
this unique action in an ex-
plosive which delivers the
best function of both types
of fixed explosives. By
using this very inexpensive
but effective detonating
method developed by Monsanto
Chemical Company, the dia-
meter of the hole ceases to
be a limitation on the use
of Ammonium Nitrate and fuel
0oil mixtures. We do notice,
however, that the larger the



mass of nitrate, the more
efficient the detonation.
We suggest the use of this
system in holes down to
approximately 3 inches in
diameter.

Monsanto has done sub-
stantial work on those
physical factors which affect
explosive efficiency and
has designed its product to
take advantage of the opti-
mum in physical properties.
Specific physical properties
of Ammonium Nitrate prill
which give definite value
are: Prill size distri-
bution range, Average prill
size, 0il content, and
Density of the prill mass.
It can be safely said that
density (per se) is not to
be desired. High mass per
unit volume is of wvalue in
fixed explosives especially
in smaller holes for the
purpose of obtaining maxi-
mum work from each foot of
hole drilled. 1In fact, it
is8 very difficult to obtain
reliable detonation from
dense Ammonium Nitrate in
0il mixtures. A relatively
light, porous prill will
perform substantially more
work than a dense Ammonium
Nitrate. In Ammonium Nitrate
and oil mixtures there is
a definite efficiency curve
determined by the prill
surface, to available air,
ratio. ©Specific prill size
is not as important as the
prill size distribution
range. While there is an
optimum prill size that we
are capitalizing on, the
largest gain in explosive
performance comes from tak-
ing out those sizes over
and under the optimum prill
size range. A uniform, re-
latively small prill seems
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to be optimum for explosives
use. We have found that the
amount of fuel o0il retained
by the prill is very im-
portant. There is a rather
sharp curve peaking at 5%

by weight of fuel 0il calcu=
lated on the weight of
prilled Ammonium Nitrate.
Fortunately, most prilled
nitrate will retain just
about this amount of fuel
oil if it is wetted by 10%
fuel 0il and then allowed

to drain for a half hour

or 80 before being poured
into the hole. There is

a definite damping effect

on the explosion if 10% or
more of fuel oil is trapped
in or retained on the nitrate
at the time of detonation.

The explosives users now
utilizing the data Jjust
discussed have shown marked
savings over all other
systems of blasting. The
Ammonium Nitrate is used to
full advantage in that more
work is performed per dollar
spent for explosive material.
We believe this method and
product combination utili-
zes to the fullest extent
the potential value of
Ammonium Nitrate.

In order to prevent possi-
ble mishandling of such a
common chemical a review
of some basic safety factors
pertaining to Ammonium
Nitrate fertilizer is as
follows:

Ammonium Nitrate should be
handled much as you would
handle materials such as
gasoline. By this, we
mean that under all normal
circumstances and due care,
the material is safe to
handle.



Under conditions of ex-
treme heat, (several
hundred degrees F.) Con-
finement, or open flame,
Ammonium Nitrate can be
dqngerous.

Ammonium Nitrate is not
particularly flammable,
but burns intensely when
set on fire.

It should be stored in a
building with good venti-
lation.

It should never be stored
in a building capable of
confining gases, such as

a stone or concrete build-
ing with small windows.

It must never be contami-
nated with unknown materi-
als or with materials not
specifically recommended
by the manufacturer of the
nitrate. This is extremely
important as a number of
rather common substances
may cause unpredictable
reaction conditions if mix-
ed with Ammonium Nitrate.

The dangerous mass limit
of Ammonium Nitrate is

123 tons. At this level

a fire can spontaneously
change to a detonation.
We, therefore, suggest
that each and every stock
of 40 to 50 tons be sepa-
rated by at least six feet
of space and a light metal
partition such as corru-
gated iron sheet.

This material can pro-
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duce relatively toxic
oxides of nitrogen while
burning. An automatic
sprinkling system with an
overhead storage tank for
water is advised, or at
least some hose with a
pressure great enough to
reach the fire without un-
duly exposing the fire
fighters to the fumes
generated by the burning
nitrate.

Flooding with water is the
only effective way to
fight a nitrate fire as
the nitrate has its own
oxygen supply built in.

This material is not
hazardous if you will keep
three things in mind.

l-No contamination un-
less specifically recommend-
ed.

2=No confinement or ex-
cessive heat (flame).

3-No storage near the
critical mass (123 tons).

Always keep loose nitrate
from broken bags carefully
swept up so Ammonium Nitrate
dust is not present in the
storage area. The dust, of
course, is flammable.

We recommend the use of
the bulletin on Ammonium
Nitrate published by the
Manufacturing Chemists'
Association (1625 Eye St.
N. W. Washington 6, D. C.)
for further information on
handling and storage.
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PRILL SIZE DISTRIBUTION RANGE
and Effect on Explosive

Efficiency
High
Iy
A\
T
Effectfive N
Rate off Y hY
Detonsgtion ¥ N
) 4 R Y
Vg AN
AN
Low )
Fines Correct Oversize R
or Optimum Prill
Size
<' Prill Size Distribution Range >

High
Effedtive = ey
Rate Jof b
Detoration e M >

& i o ey

Low TR R

Wide Range Medium Rahge Narrow Range

<~ Prill Size Distribution Range . >
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A ST I T .
| | CHARLES LAW TABLE
Showling value of Maximum Temperature in the Expank.
sjop of the Explosive Gas Products
Temperature & I
[ Ly
40 i
I’ &3
= x vy - :
b N S
Gas Volume after By 5 ¥R T
Addition of 273° j i + ;
K of Temperature ¢ v 1 ¥
A _‘A 5 W Y i
NE
Original gas N ki 3 ﬁga_f
Volume .@f} ] B
J E O B T S T o g el R
For every increase Volume This entire aree represents
of 273°K, the gas the gas volume after addition
volume is doubled. of only 546°K of temperature.
This is four times the origi-
nal volume.
DEMONSTRATION OF TEMPERATURE-TIME RELATIONSHIP OF
HIGH SPEED DETONATION
This performs maximum work through production
of highest possible temperature and resultant
maximum gas volume.
T Relative Rates of
Temperature Fast detonation Detonation Showing
5,000°C. u Time Versus Tempera-
] ture Relationship
Medium detonation Which Affects Gas
| ] Volume as Shown Above.
2,000°C. Pp
low detonatio
I I O |

Fast Detonation can
add up to 2,000°C.
T' temperature to a givemn
Time in milli seconds amount of explosive
products.
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Physical Properties of NH4NO3 Prill
and Their Relationship with Explosives
Effectiveness, Demonstrating Optimized
Characteristics of Monsanto's Prill

T 1 111
Density of Monsanto

High NH) NO<3
EffectivelRate

o -l
Detonatio

j/
Low i %
Low (e==- Density c———) High

(Mass per Unit Volume of Prill)
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METHOD OF USING PRIMACORD LENGTHS AS DETONATOR

ft.

ft.

£t.

£t.

big N
£,

£t.

Damp hole and Normal dry shooting
2-3in. hole and holes larger than
3 in. in diameter

< ~ Rubber Band

& L00 Grain

Primacord
/ i
1 )
‘\\ /}

_ ~
e & imeeemeaee . 50 Grain
A ( i Primacord

i Simply loop one end of the rubber
?\3 band around the 400 grain, pass the
- band around the 50 grain, then loop

the remaining end of the band around
the 400 grain again.

Position of 400 grain stick

of Primacord attached to
standard 500 grain Primacord by
looping a rubber band about the both of thenm
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The higher the rate of detonation, the
flatter the angle of effect at the
bottom of the hole, all other
factors being constant.

5,6000M/sec.

6,700M/sec.
Recommended
One of the advantages of the Primacord detonation method
is, therefore, a more even quarry floor and less toe
which would detract from good shovel operation.

(The above angles are approximate)
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Application of Seismology to Highway

Engineering Problems

by Curtis R. Tuttle
Engineering Geologist

United States Geological Survey
Boston, Massachusetts

lntroduction - Patrons of

geophysical methods frequent-
1y exhibit one of two oppo-
site attitudes, (1) either
they believe all sub-surface
design problems can be

solved with mysterious instru-
nents, or (2) they relegate
such methods to the status of
witcheraft and ouija boards.
Geophysical methods are not
design panaceas and seis-
mology is no exception. How-
ever, seismology is being
used by 5 state highway or-
ganizations in addition to
other agencies. The degree—
of success increases as the
method is employed by tech-
nicians using the group-
study method. Group-study
insures proper consideration
of the closely related fields
of physics, engineering, soil
mechanics and geology. The
degree of success increases
as the seismic method is employ
ed in areas of simple geologic
environment. However, even
at such sites identification
borings are often necessary
to permit quantitative inter-
pretation of seismic data in
terms of depth to concealed
bedrock or of physical soil
and rock properties.

This paper is based on 4
years experience in applying
seismic methods to highway
design problems in
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Massachusetts. The studies
were made as part of a continu-
ing Co-operative Geologic
Project between the US
Geological Survey and the
Massachusetts Department of
Public Works. My purpose is
to present an unbiased
appraisal of the seismic
method for highway design
purposes, therefore,
geophysical problems and
velocity effects are
mentioned without explana-
tion. Those interested in
details are referred to the
references cites (Reiland
1946, Leet 1950.) Four
points will be discussed in
tite following order:

l. The function of the -
seismograph as an engineer- -
ing tool

2. Highway design pro-
blems suitable for seismic
interpretation

3. Design details
derived empirically from
group-study data

k. Comparison of
seismic versus boring methods.

Function of the Seismograph

as_an Engineering Tool

The principal function of
the seismograph is to detect
essentially horizontal




elastic discontinuities in
the earth's crust. In
practice an elastic wave
field is established in the
crust by detonating a small
charge of dynamite confined
in a shallow hole. The re-
action of sub-surface soil
and bedrock units to this
field is observed by
measuring the time of first
arrival of the refracted
wave for various distances of
explosion source (shot point)
and detecting instrument
(seismometer) along a tangent
on the surface of the ground.
From time and distance, speed
is calculated. ©Since the
speed has the direction of
tite tangent it becomes a
velocity. Velocity dis-
continuities can usually be
identified and correlated
with soil and bedrock units
whose presence and physical
characters have been es-
tablished by geologic
observation, borings, or
other independent means.

In addition, the thickness

of each soil unit and the
total depth to bedrock are
calculated directly from
observed times, distances

and velocities. Since
velocity is a function of
the elastic moduli, the
stress-deformation character
of earth materials can also
be measured and/or inferred
at sites having nearly

ideal, theoretical sub~
surface conditions.

Derived Functions of wvelocity
data are the distribution,
discussions, shapes and
attitudes of soil units; the
occurrence of lensing and
other horizontal discontinu-
ities; the topography of the
concealed bedrock surface;
and less frequently the

50

massive versus stratified
character of bedrock. All
derived functions should

be used with caution until
the soundness of interpreta-
tion has been established
independently. Seismic

data are interpreted mostly
by empirical, highly sub-
Jective methods; usually

the accuracy of derived
observations increases with
experience, and particularly
if the experience is limited
to an area consisting of only
two or three basic geologic
environments. In Massachu-
setts these environments,
with respect to highway
relocations, are:

a., one soil unit above
massive, crystalline or
metamorphic bedrock

b. one soil unit above
fractured, "blocky" cry-
stalline or metamorphic
bedrock.

c., one soil unit above
metamorphic rock containing
schistocity or other planar
structure, normal to which
an increase of volume and
separation of discrete platy
unit has occurred.

d. one soil unit above
sedimentary bedrock.

Additional layers of soil
above bedrock and shallow

(4 to 10 feet) versus deep
(greater than 10 feet)

depths to bedrock modify this
basic classification and
increase the difficulty of
interpretation.

Usually granular and
plastic materials such as
sand, gravel, clay and
glacial till are character-
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ized by velocities of 600 to
6,000 feet per second. Rigid
materials such as shale, sand-
stone, and the crystalline

and metamorphic rocks are
characterized by velocities

of 7,000 to 20,000 feet per
second. Velocity is also
influenced by degree of
cementation and compaction,
increasing geologic age,
degree of weathering,

attitude of bedding and
schistosity, and the frequency
and distribution of fractures
and joints.

Although there is marked
success in correlating veloci-
ty with material this derived
function must also be used
with caution. A water
saturated outwash (sand and
gravel with some coarse silt
and virtually no clay) will
exhibit the same velocity as
that of water alone: about
5,000 feet per second. Furthen
glacial till and glacial clays
frequently exhibit the same
velocity. Geologic study may
admit of any or all of these
physically dissimiliar soils
bossible occurring at a
single site. The same out-
wash, when tested at normal
water content usually has a
velocity of only 3,500 feet
per second. A trial of
electrical resistivity using
the Lee partitioning con-
figuration, shows that this
method sometimes offers
important aid for interpret-
ing velocity-identification,
and depth effects, at sites
where seismic data alone do
not afford a unique solution.

Highway Design Problems
Suitable for Seismic Inter-
pretation - a report by the
Missouri State Highway Comm-
ission of geophysical
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meth ods used by state highway
departments, shows that in
1957 only California,
Massachusetts, New York,

New Jersey, and Ohio were
using the seismic method. Use
by these organizations as
shown in Figure 1, was
Primarily for classification
of excavation. Suitable
design problems are those
which can be related to
functions derived from
velocities, and for which
correlation of velocity and
material is established.
These problems are stated,
the site conditions affect-
ing interpretation and re-
liability are listed, and a
specific appraisal of re-
liability in Massachusetts
is made. The following
problams have been reliably
solved in Massachusetts and
are suitable for application
in other areas of similiar
geologic environment. They
are listed in order of most
frequent use, they are of
similiar reliability, and
they represent the limits of
applicability for normal site
investigation:

a. depth to bedrock, when
this depth is at least 10
feet.

b. the number, approxi-
mate thicknesses and identi-
fication of major soil units
overlying bedrock.

C. identification of bed-
rock and detection of major
planar surfaces which are
distinctly related (1) to
the direction of maximun
relief due to blasting, and
(2) to the azimuth and slope
ratio which results; a
factor of rock slope design.

ERT
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d. preparation of sub-
surface bedrock contour map.

e. determination of the
altitude of the water table
in coarse-grained, uncon-
solidated soils.

Because Massachusetts'
soils of glacial origin
are physically dissimilar
from those of the Middle
Atlantic States, and since
my experience with geophysics
excludes the latter States,
any extrapolation of inter-
pretation details would be
presumptuous. However, the
following conditions are
common in a wide variety
of geologic environment:

Reliagbility of seismic methods *
increases as the actual sub-

surface geological conditions

approach the ideal, theoreti- :
cally desirable conditions. - -
The theoretical conditions

are a prerequisite for the

absolute analytical solution

of depth to bedrock, and

thickness of soil layer

problems. Site geology in

Massachusetts flagrantly

violates the theoretical

conditions in about 50% of

the area which has been

studied. In a general sense,

reliability is represented

by design, practice of the

Massachusetts Department of

Public Works: bedrock

profiles and material identi-

Common Site Conditions Affecting Interpretation and Reliability

A. Quantitative data obtained from site inspection or velocity measurement:

Aspect

Optimum Condition

Limiting Condition

Velocity ratio
Slope of original ground
Depth to bedrock

1/2.k (or greater)
6.6:1 (or less)
18 feet (or more)

1:1.35
3.5:1 .
10 feet

B. Qualitative data, sometimes suspected, and difficult to evaluate: _

l. Three~dimensional effects
a. side refraction -~ effect:
k. angle of emergence-
effects:

c. true rock velocity -

2. Velocity inversions - effect:

3. Geophysical beterogeneity of
soil units-

4. Geophysical beterogeneity of
bedrock units -

calculated depth to bedrock
less than true depth

calculated depth and material
identification

erroneous measurement affects
depth calculations

creates "hidden layer" which
remains undetected; depth
error is equal to thickness of
the hidden layer

example: boulders of 10 cu. yd.

volume sparsely distributed, or

oulders of 2-5 cu. yd. volume

compactly 'nested' v

example: weathered bedrock layer

with irregular horizontal and

vertical distribution; irregular

areal distribution of 'blocky' or ~
'platy' versus massive bedrock
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fication derived from
seismic data are preferred
to the former practice of
"guessing" excavation
juantities.

Specific reliability has

been related only to those
sites at which a direct
point-by-point comparison
of depth to bedrock is
available from top of bed-
rock surveys taken for
excavation quantities. As
of February 1957 our engi-
neering geology unit has
made seismic studies at 216
sites. Only 38, or 17.6% of
these sites have provided
comparison data of the re-
guired gquality. At the
remaining sites highway
alignment was radically
changed, unclassified ex-
cavation was specified, or
comparison data was never
obtained. The following
typres of comparisons are
recognized from data obtained
at the 38 sites:

a. seismic interpretation

100% correct: altitude of

subgrade much higher than
underlying deep bedrock

b. seismic interpretation

85% correct: for example,;

a deviation of 0 to 3 feet
above or below the actual
depth of 20 feet

c. total failures: due
to 1. bedrock less than 10

feet deep, range of observed

error is 88% to 300% above
or below the actual surface
2. unique site conditions,
such as sub-surface elastic
dikes, and false velocity
effects

3. temporary seismologist,
unfamiliar with local geolo-
gy -

The percentage of each
type of comparison is shown
in Figure 2. Failures could
be reduced to 16 percent by
including a factor to show
that the over-all estimate of
excavation quantities at
these sites is usually with-
in the 20 percent range
acceptable to the Department
of Public Works. At non-
comparison sites acceptable
results known qualitatively
could be used to increase
the over-all accuracy. How-
ever, Figure 2 shows the
current correct order of
magnitude based entirely on
a small quantity of precise
survey data, and represents
a high degree of success.

DESIGN DETAILS DERIVED
EMPIRICALLY FROM GROUP-STUDY
DATA - restating the idea of
group-study (Beers, 1950)
total sub-surface data are
fully known at a site by
considering integrated geo-
Physical, soil mechanics and
geologic data. This requires
cooperation among specialists
in the several fields. In
Massachusetts detailed
group~study material consists
of seismic, soil mechanics
and geologic investigations
at some 8 sites. Data from
electrical resistivity (LEE
partitioning configuration)
and identification borings are
available for 14 additional

sites. These studies show that

there are empirical relation-

ships between seismic velocities

and some of the physical
bProperties of soil. Two ex~
amples will be given for which
these relationships are tenta-
tively established and the in-
ferred soil properties have
been reported for design use.
Secondly, earth slope design
details are discussed.




l. Till with a velocity
range of 5,000 to 6,500 feet
per second has the following
properties which are based on
closely grouped data from
three sites:

3
density ..130 1b/ft

S e

b. passing U. S. Std.
No. 200 Sieve....k0%

c. 1liquid limit...10%

d. Dbearing capacity

.e...10 tons/ft2 minutes.

e. excavation treatment
¢«s..orequires scarification
for efficient removal with
self~powered excavation equip-
ment (pans)

f. material use.....un-
suitable for compacted fill
in wet areas, unsuitable for
fiil directly below subgrade.

2. A till of restricted
geographic distribution
(Worcester plateau) has a
velocity range of 3,000 to
4,000 feet per second, contains
objectionable quantities of
so0il particles passiang the
No. 200 sieve and exhibits
"bedding'. On a 3:1 slope
active solifluction scarps
occur within a few months of
final grading and mulching.
Thick mulching should be
avoided since this aids
development of high pore water
pressures at the slope face.
Bituminous ditches normal to
the toe, and collecting run-
off from a citch at the heel,
are rapidly undermined and
destroyed. These scarps are
caused by ground water seepage
through sand and coarse silt
layers included in the till.
Such slopes can be cut to a
2.5:1 ratio, and provided
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with boulder or crushed rock
praving from the toe to the
lower third point of the slope.

These correlations of
velocity and group-study data
are still incompletely known:
further study might show them
to be simply coincidence. The
examples are offered as ob-
servations, not as claims,
the seismic method.

for

Barth slope design details

(1) granular soils: sand

and gravel identified from

velocities usually has

sufficient moisture to ex-

hibit some apparent cohesion.

The angle of repose for this

material is less than the angle

of shearing resistance. For
conservative design the angle

of repose is suggested as the

slope ratio for a proposed

cut. (2) cohesive soils:

particle bond in till of 5,000 .
to 6,500 feet per second

velocity range is primarily

related to changes in water

content, therefore the material -
has cohesion and shearing

resistance, (Terzaghi, 1943).
Shearing resistance is stated

by Coulomb's equation which

contains the term: tangent

of shearing resistance. Both

the triaxial compression test

for soil, which also measures

the tangent of shearing

resistance, and laboratory
determination of Young's

modulus, measure axial strain

or functions having the same
dimensions. Seismic velocities

are related to the elastic

moduli. So there appears to

be a relationship between R
velocity and tangent of shear- )
ing resistance. This approach

might lead to the estimation

of shearing resistance direct-

ly from geophysical observa- -
tions. In Massachusetts this




would be a distinct advantage.
The problem is a current field
of investigation. Finally,
using the methods of Evison
1956, Leet 1950, and

Outenberg 1949, Young's modulus
of a till on Cape Cod was
determined to be 525,000
pounds per square inch.
Density was assumed as 125
pounds per cubic Ffoot and
Poisson's ratio was calcu-
lated as 0.28. This assumption
of density, which is a linear
function of Young's modulus,
introduces only a small error
therefore the value of Young's
modulus is of the correct order
of magnitude. This method has
distinct advantage for the
design of footings for

grade separatlion structures
and bridges.

COMPARISON OF SEISMIC VERSUS

BORING METHODS -~ Reliability

ing cost

and limits of applicability
have been discussed for the
seismic method., Familiarity
with these aspects of boring
methods is assumed, therefore
only cost and speed need
consideration. Daily operat-
for the standard
crew employed in Massachusetts
is $170. This includes wages,
Per diem and transportation for
2 engineers and 1 geologist-
seismologist; wages and trans-
portation for 4 maintenance
laborers obtained from the
local highway district; and
expendable supplies including

average depth to
concealed bedrock

depth to bedrock
x6 determinations

dynamite. Assuming a site

is 1,300 feet from the point
of closest vehicle access and
that clearing of minor amounts
of brush is necessary, an
average day's work consists

of 5 reverse-profile traverses.
Preliminary velocity data are
pPlotted in the field to deter-
mine data gquality and to
insure adequate areal coverage
of the site. The length of
eacn traverse is a function

of the depth to bedrock and
ranges from 110 to 550 feet.
The amount of areal coverage
depends on the number of road-
ways proposed and/or the
bPresence of a center mall.
Standard coverage consists of
three parallel series of
traverses: one on the center-
line of the mall and one half
way between the toe and heel
of each proposed side slope.
For comparison with boring
costs the following data are
instructive; 5 traverses
produce depths at 6 shot
points or "holes":

Further economy results
Tfrom rapid mobilization
demobilization and "move"
time, and the fact that
water is not necessary as for
core drilling.

Speed of the field operation

is influenced by some of the
factors above. Access to sites
without necessity for building
roads is easily made by the

daily cost, $170 cost per
divided by total 1linear foot

"footage"
20 ft. 120 lin. ft. $170/120 $1.42
100 ft. 600 1lin. ft. $170/600 0.28
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Aspect Relative Ratilo Remarks
Seismic: Borings -

Original equipment cost 3:1 - .
Yearly maintenance cost 1:1 - -
Daily operating cost 0.7:1 -
Ease of access to site 10:1 -
Moving time hole-to-hole 1:5 minimum
Mobilization-demobil time 1:10 -
Safety hazards 8:1 dynamite
Highly trained personnel 10:1
OVERALL SPEED 8:1 minimum
ACCURACY OF DEPTH TO BEDROCK 2:1 related to Mass.*

ACCURACY OF MATERIAL I1DENTIFICATION 0.7:1

boring practices

related to Mass.*
boring practices

¥Note:

driven to "refusal"

l-inch pipe samples acquired with a 140 pound hammer and
are provided by contract.

Since highways are

very narrow and exceedingly long only this size and type of boring

is economical. However,

the author retains his aversion to samples

except those acquired with 3-inch diameter samplers and a 340 pound

hammer,
series X core barrels.

with "refusal" proved by at least 20 feet of NX core from

T-man crew; it is not uncommon,
though wearisome, to carry
egquipment 3,500 feet from the
vehicles. All equipment is
carried in one station wagon
including room for one extra
passenger and the dynamite.
Because seismology is a line
technique as opposed to
boring methods, a point
techniqueé, this interpre-
tational advantage permits
rapid accumulation of data
for a sub-surface bedrock
contour map or a continuous
bedrock profile. That is,
direction and cqualifative
slope of local bedrock
irregularities can frequently
be obtained with moderate
accuracy, by interpreting
relative velocities along

the rock line segment of the
time-distance graph from
reversed profiles. Concealed
bedrock topography in
Massachusetts 1is highly ir-
regular so this technigue is
commonly used.

the
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A comparison of seismic
and boring methods can be
shown in tabular form:

References

Beers, R. F. (1950) Geophysi=- *
cal problems in Applied Sedi-

mentation:

Applied Sedimenta-
tion, P., D. Trask, ed. John
Wiley & Sons.

Evison,F.F. (1956), The
Seismic Determination of

Young's Modulus and Poisson's

Ratio for Rocks In Situ:
Geotechnique V. VI,n,3,Sept.

1956, pp. 118-123.

Gutenberg, B. (1949),
Internal Constitution of the

Earth:

Dover Publicatiouns,
Inc.

Heiland, C. A. (1946) Geophy-
sical Exploration: Prentice

A

Hall, Inc.
Leet, L. D. (1950) Earth Waves:
John Wiley & Sons, Inc.

Terzaghi, K. (1943) Theoreti-
cal Soil Mechenics: John

Wiley & Sons, Inc.



Vol. '3

Sig. '5

Proceedings of the
Tenth Annual Symposium on

“GEOLOGY
AS APPLIED TO
HIGHWAY ENGINEERING™

February 20, 1959

GEORGIA INSTITUTE OF TECHNOLOGY
ATLANTA, GEORGIA



Symposium on Geology
as Applied to Highway Engineering
at
Georgia Institute of Technology
Atlanta, Georgila
on
February 20, 1959
This meeting was the tenth assembly of these Symposia which
had its initial start in Richmond, Virgimia, in 1950. This Symposium
was under the joint sponsorship of the Georgia State Highway Depart-
ment and the Georgia Institute of Technology. 'The Committee trusts
that the publication of these papers will be of benefit to the many
interested in the related problems of Geology and Highway Engineering.
On the evening previous to the Symposium, a social gathering
was held in the Lounge of the Architects and Engineers Institute
Building in Atlanta., This gathering was made possible through the
interest of Mr. Nelson Severinghaus of the Consolidated Quarries,

Inc.,, of Decatur, Georgia.



Committee Personnel

Steering Committee for Annual Symposia

W. T. Parrott, Chairman, Virginia Department of Highways, Richmond,
Virginia

P. H. Bird, Vice Chairman, New York Department of Public Works, Albany,
New York

H. D. Chase, Secretary, State Highway Department, Atlanta, Georgia

Dr. Paul Price, West Virginia Geological Survey, Charleston, West
Virginia

H. H. Harris, Virginia Department of Highways, Richmond, Virginia

R. H. Nesbitt, United States Corps of Engineers, Washington, D. C.

Dr. Jasper Stucky, North Carolina Geological Survey, Raleigh, North
Carolina

F. C. Witoski, Pennsylvania Department of Highways, Harrisburg,

Pennsylvania



Local Sponsoring Committee

W. F. Abercrombie, State Highway Materials Engineer, Georgia State
Highway Department, Atlanta, Georgia

C. A. Bergey, Assistant Engineer, United States Bureau of Public
Roads, Atlanta, Georgia

Dr. A. S. Furcron, Chief Geologist, Georgla Department of Mines,
Mining and Geology, Atlanta, Georgia

Dr. J. G. Lester, Professor of Geology, Emory University, Atlanta,
Georgia

D. A, Mitchell, Geologist, Georgia Department of Highways, Atlanta,
Georgia

Professor R. S. Paquette, School of Civil Engineering, Georgia Insti-
tute of Technology, Atlanta, Georgia

Dr. H., N. Straley, Professor of Geology, Georgia Institute of Technology,

Atlanta, Georgia




Table of Contents

Geology as an Aid to Right of Way. Page-

Mr. George D. Felix, Right of Way Engineer, Department of High-
ways, Richmond, Virginia.

Distribution and Character of Stone for Aggregate in Georgia. Page
Dr. A. S. Furcron, Chief Geologist, Georgia Department of Mines,
Mining and Geology, Atlanta, Georgia.

Design Considerations in the Treatment of Soft Foundations. Page
Mr. Harry E. Marshall, Engineer-Geologist, Ohio Department of
Highways, Columbus, Ohio.

The Use of Geological Investigations in Foreign Consulting Work. Page
Mr. Charles M. Upham, President Charles M. Upham Associates,
Washington, D. GC.

Highway Material Survey in West Virginia. Page
Mr. Ralph W. Seegar, Engineer-Geologist, Engineering Experiment
Station, West Virginia University, Morgantown, West Virginia.

Geology in Foundation Engineering. Page
Mr. G. A, Fletcher, Assistant Vice Presiden.,’ Raymond Concret
Pile Company, New York, New York.

Applied Geomorphology. Page
Mr. Donald J. Belcher, President, Donald J. Belcher Associates,

Inc., Ithaca, New York.

1

5

26

48

57

67

74



GEOLOGY AS AN AID TO RIGHT OF WAY
By
George D. Felix, State Right of Way Engineer,

Virginia Department of Highways.

You are no doubt wondering what in the world Geology has to do
with the purchase of Right of Way for highways. Or, if you are in the
highway field, you may say: ''These Right of Way guys are always getting
in on things, and this is another way of doing it.'" Being one of the
"Right of Way guys," I can say that we do seem to get drawn into a lot
of things that make me wonder - '"How did we get into that?"

To establish a connection between Geology and Right of Way, let's
see what Mr., Webster might say for each of these in layman's language.

For Geology, he says it is "The science dealing with the structure of the
earth's crust and the formation----of its various layers; it includes the
study of individual rock types.' As to Right of Way - "A strip of land ac-
quired for a public road; right of passage over another's property." So we
find that in getting Right of Way, we are securing "right of passage,'" or
buying land, and the Geologist is studying how the land came to be, includ-
ing any rocks that may be on or under it. Now, I sneaked up on you with that
one!

In acquiring Right of Way we deal with all kinds of people in all
walks of 1ife. Most people only want what is fair for their property, or
right; that is needed. Occasionally, you encounter one - - ~ but, that is
another story that we won't go into here. There are times when an owner
believes, or so he tells us, that he has a veritable gold mine in gravel,

sand, marble, or juat a special kind of dirt! And, of course, there are



springs destroyed, houses shaken apart, and slides - numerous slides -
all the fault of the Highway Department,

These claims are hard to combat. The local people who might know
the real answers are neighbors, possibly friends, of the property owner
and loath to testify against him. Many of these claims require sclentific
investigation and real proof to upset them. I mean real proof; for again
the Commissioners, or Jury, hearing a case are local people and their sym-
pathies are apt to be with the property owner., It is in combating these
claims, either before they go to Court or in Court, that the Geological
Section of the Highway Department has done some really marvelous work,

One of the most unusual cases we have encountered was just North of
Winchester where we were preparing to made a road four-lamne, divided, by
the addition of another lane parallel to the existing roadway. This threw
the new lane close to an apple candy factory. Part of the process of making
the candy was the coating of it with a supersaturated sugar solution, and
jarring would cause this solution to crystalize, rendering it worthless.,
The claim was, when we went to deal for the right of way, that by moving
the road closer to the factory, the vibration from the many trucks using
the road would put the candy company out of business.

You may, or may not, know that Winchester is in the Valley of
Virginia, and a great part of this area is underlaid with limestone often
at, or close to, the surface. On the face of it, the claim appeared to
have merit, To determine just how much merit, we appealed to Mx, W.T.
Parrott, Highway Geologist. He knew of a company specializing in vibration
studies and solicited their help. Their equipment proved that there was
more vibration, and of greater intensity, from the normal operations within

the building than from the traffic on the highway., Thus, this claim went



out the window, and we purchased the right of way at a reasonable figure.
Incidentally, after the road was completed the vibration tests were re-
peated, and the original findings confirmed.

Virginia is proud of her historic past, and cherishes buildings
and other items connected with it. That these have often been bought and
restored by persons of wealth from other areas déesn't lessen their value,
About two miles from an historic old home, restored, the Highway Depart-
ment opened up and operated a stone quarry. The owner of the house
claimed extensive damage to plaster and cracking of the walls., The
vibration unit registered no vibrations when test shots were put off in
the quarry, and the case collapsed,

As stated earlier, owners have convinced themselves that they have
valuable deposits or formations and don't hesitate to assert all kinds of
claims when some part of these are included in a proposed right of way.

Such a situation arose on a secondary road we were planning on widening,

and at the same time we were going to ease some of the curves. What looked

to us as just so much more rock was asserted by the owners to be marble, and

a claim for a $70,000,00 settlement was asked. Careful geologic investiga-
tion and mapping showed that the material was a limestone that could be polish-
ed and would sell as a marble. Only a relatively small amount was actually
taken in the right of way, and the access was better, i1f affected at all., A
settlement in the neighborhood of $2,500.00 left everybody happy.

Cases of damage by reason of slides or damage to wells and springs are
too numerous to enumerate. Where claims of this nature come in, we are anxious
to know the true answers. If the owner has suffered damage by reason of the
highway location or construction, we want to compensate him fairly for it. On
the other hand, if there has been no damage by reason of the Department's ac-

tion, we don't want to make any "gifts.," Faced with these claims, we ask the
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Geological Section to supply us the answers. In order to be in a better posi-
tion to investigate these matters, the Geological Section has been instrumen-
tél in getting records of springs and wells near a project, kept by the proj-
ect inspector. With this, they don't have to be in the position of 'trying
to lock the stable door after the horse is stolen."

I don't know how other States handle it, but in Virginia the securing
of land for offices and shops, and the planniﬁg and erection of these build-
ings, is a part of the work of the Right of Way Division. With the larger,
multi-storied buildings, such as District Offices or the proposed new Cen-
tral Highway Office in Richmond, 1t is essential that we have accurate in-
formation on foundation coqditions. Again, we call on the Geological Section
and by borings, test drillings, soil evaluation, they supply our architects
with what they need.

So, gentlemen, I hope these necessarily rather brief summaries of some
of the ways Geology has helped Right of Way have prov~d the point. We are
still finding new ways that the two Divisions can be of help to each other.

I feel that I would be remiss if I did not mention that I believe a large
measure of our successful relations is due to the man at the head of the
Geological Section. He is ever alert to find ways to help us, and when we
approach him with a problem, he is cheerful to undertake to find a solution.
With a co-worker of this type, I believe any Right of Way Division will find

Geology a very valuable aid in their work.



THE DISTRIBUTION AND CHARACTER OF STONE FOR

AGCREGATE IN GEORGIA -

A. S. Furcron
Chief Geologist
Georgia State Dept. of Mines, Mining and Geology
INTRODUCTION

This paper is planned to give a comprehensive, but very brief, review
of the distribution of rocks suitable for aggregate, gravel, or crushed
stone. The stone industry is next to the top mining industry in Georgia,
and it has a promising future, Discussion is keyed to the State Geologic
map of 1939. A map which accompanies this paper has been prepared to
indicate the major regions of the state from the point of view of the
digtribution and character of aggregates. In order to prepare this later
map the 107 formations and rock types of the State Geological map are
here reduced to 11.

Some parts of the state have no quarryable stone, but Georgia com-
pares favorably with other states in varieties and distribution of stone,
and ugeful stone for aggregate can be obtained in at least eight of the
eleven districts mentioned above, There will be no attempt here to go
into detailed descriptions of the rock types which are discussed, but
reference lists will be given which supply available information regard-
ing the location, distribution, petrographic description, and chemical
composition of the rocks. All of these references, with two exceptions,
are either publications of the Georgia Geological Survey or have been
actively sponsored by this Survey. The Georgia Geological Survey which

is the Department of Mines, Mining and Geology, haa pioneered the study



of stone at no expense to the producers of the state. Representatives
of the stone industry are encouraged to consult with our geologists

who welcome the opportunity of assisting them with their problems in the
field and in the laboratory.

References

Georgia Geological Survey, Circular 2, 10th Edition, Directory of Georgia
Mineral Producers, 1959.
Vallely, James L., and Peyton, Garland, The Mineral Industry of Georgia,
U. S. Bureau of Mines Minergls Yearbook, 1958.
PRE-CAMBRIAN AND PALEOZOIC
(Crystalline Rocks)

Granites, Granite Gneisses arnd Migmatites

These rocks in central Georgla and southeast central Alabama extend
further south than anywhere else in the country except in the central
granite area of Texas. For this reason they are well located for quarry-
ing, and for distribution, not only in Georgia and more northern states,
but in south Georgia and Florida; and with the development of water trans-
portation on the Chattahoochee and Savannah rivers, the stone industry
may be expanded through foreign trade with the West Indies and South
America. As you will see from an inspection of the state geological
map, these rocks have wide distribution over the crystalline area of Georgia
and geologists realize that we have an almost unlimited supply. Large
tonnages of visibly undeveloped stone are now known to exist.

The commercial operations at present are generally in the granites,
foliated granites and migmatites, and the large crushed stone operations
are near the principal centers of population. For example, Columbus,

Macon, and Augusta, which are on the Fall Line, all have quarries not
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far away in the crystalline area east, west, and north, .Atlanta is practically
ringed with large crushed stone industries found in Cobb, Douglas, Henry, and
DeKalb Counties. No attempt will be made here to list the names and locations
of these industries in the state. They may be obtained from any current

edition of Georgia Geological Survey Circular 2, Directory of Georgia Mineral

Producers. The large monumental stone industry of Elbert County serves distant
markets; thus, this industry does not depend upon a local market. The porphyritic
granites are foliated and contain large crystals or porphyroblasts of potash
feldspar which are usually pink in color. They are quarried around Augusta, in
Rabun County, near Palmetto in Fulton County, and in Coweta County. The
pyroxene granites, better known as charnockites of Upson County have not yet

been used much.

Two large belts of granites and migmatites occur in the crystalline area
but large and small bodies of such rocks are scattered about in many other
localities. A western belt, west of the Brevard formation (see State Geologic
Map) has important outcrops in Carroll, Douglas and other counties in this
belt, extending in a northeast direction through Habersham and Rabun Counties.

A very prominent belt of granites and migmatites enters Georgia in Heard
County and follows the eastern side of the Brevard belt, practically through
the state and into South Carolina.

Quarryable granite is more abundant than rapid observations would indicate
because at the present time those areas which are covered with overburden, and
where there are not very many outcrops, are not used. Two types of granite outcrops
are common to the state. The boulder type, which is known from tropical and sub-
tropical regions all over the world, is quite common but is not favored by quar-
riers because the granite, even though the boulders seem to be solid, is frac~
tured and weathered for considerable and variable distances beneath the outcrops.

The bare granite domes and pavements constitute the most favored localities for



quarry sites.

The foliated granites and migmatites constitute the greatest single
supply of stone in the state. In all cases where quarries are to be
opened, the stone should receive standard tests such as are given to it
by the Georgia State Highway Department. Locally there have been found
gome stone which for mineral or chemical reasons, contains defects which
might not be detected by the usual physical tests. For example, the oc=-
currence of titanite where hornblende rocks have been saturated and con-
verted into migmatites is an undesirable element and leads to rock decay.
Also, there are areas where the granites have been hydrothermally altered
and where they contain sulphide mineralization and such stone is liable
to rapid decay.

Hornblende Rocks

Metavolcanics which include hornblende gneisses are widespread over
the crystalline area, but have not been much used. The most extensive
district for such rocks is found in Carroll, Douglas, Paulding, Cobb,
and Cherokee Counties where the volcanics are thick and massive and in
some of these counties quarries have been opened in them especially where
they have been converted into migmatites by granitization.

The Little River series (see State Geologic Map) although locally
highly hornblende-bearing, contains many other types of volcanic rocks.
This belt is undoubtedly much more extensive than is indicated upon the
State Geologic Map, for volcanic rocks occur quite generally in the belt
of crystallines adjacent to the Fall Line, all the way across the state.
Several quarries have been opened in facies of these rocks and they
promise to be locally important sources of stone,

Biotite Gneiss

Much of the crystalline area of the Georgia Piedmont is composed of
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EXPLANATION

{ Undertined unils ore rogo:ded 43 the most impulen’ |

Pliocene and Pleistocens

mostly Mawthorn (Miocene}

Ml

Tertiary limestones

[ ]

mostly Gretaceous

Potisvilte (Pennsylvanion)

Ordovlcian, Silurian ond . Mississippion

)

0,
gronites, granite gneisses, Ashland metagraywackes Murphy ond
migmatiles, metavolcanics, “schist” Brevard marble

biotite gneisses ond “quarizites”

pre-Cambrian and Pgleozolc
{crystalline  rocks)

W, A, Spriwie, Capt., AUS, Rel.
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an old sedimentary biotite gneiss into which other rocks are intruded.
Local quarries have been opened in scattered localities; as a rule the
rock contains intrusions of granitae.
Quartzite

Several types of quartzite occur over the crystalline area. 1In the
extensive biotite gnelss and schist series, quartzites associated with
muscovite schists are extensive over very much of the Piedmont area,
south of the Ashland schiat belt. They are particularly prominent in
Douglas, Cobb, Fulton, Forsyth, Hall, Jackson, Barrow, Gwinnett, Rock=-
dale, DeKalb, Troup, Meriwether, Harris, Talbot, Upson, Lamar, Baldwin Coun~
ries, and others. This type of quartzite has been used locally where it
is dug out and thrown upon cliay roads. It is quite friable and in many
cases weathered to sand; thus not serviceable as aggregate. There 1is
gstill a different type characterized by the Tailulah Falls and Toccoa
quartzlte beds. These are graywackes, very high in quartz and which con-
taln also biotite and muscovite. These beds are massive; they have been
quarried near Tallulah Falls and quite extensively in numercus places
along the ridge just west of Toccoa, in Stephens County. 1In the latter
case, the rock rather closely resembles a granite.

ASHLAND SCHIST

These rocks composing Ashland schist with inclusions of rocke mapped
22 Wedowee formation and Canton schist, occurg in a N,E =S W, belt in the
northern Piedmont of Georgia. Later mapplng of the Piedmont will undoub-
adly break thils belt up into sediments and volcanics. The rocks are
mostly altered sediments which are too micaceous to be sources of crushed
stone. Graphite-gavnet schists are quite common in the belt. 1In Carroll
and Paulding counties, granite gneiss intrusions are mapped locally and

gome of these might supply quarry stone. Metavolcanics with their high
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hornblende content are abundant, and where massive, could supply local
needs for aggregate. There is, for example, a quarry in this type of
rock where road stone was removed in White County a short distance wvest
of Cleveland.

METAGRAYWACKE AND GNEISS

This district (see accompanying map) is underlaid by gredt series
of metasedimentary rocks—arkoses and shales, now metamorphosed to meta-
graywackes and slates, Metamorphism increases eastward and in the eastern
part of the area, the rocks are definitely gneisses within the kyanite
isograd. The region is practically devoid of granite intrusions, but there
is some granite and coarse granite gneiss in Cohutta Mountains, east of
Chatsworth (Furcron and Teague, 1947). In the southern part of the district,
. coarse granites occur which have been described as the Corbin granite
(Watson, 1902). Thus far these granites have not been used for highway
congtruction. The leuco-granites east of Chatsworth are guite local and
good quarry sites are difficult to find. The Corbin granite further south,
is injected into slates and graywackes, is inclined to be schistose and
thus far has not been used.

Scattered over the district however, quarries have been opened in
massive metagraywackes, particularly where the bedding or foliation 1is
nearly horizontal and where the outcrops are in stream valleys. Meta-
graywacke is hard, massive, is a good stone for road work, but is abrasive
and produces considerable wear upon equipment.

References (Crystalline Rocks)
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Georgia, M. A. Thesis, Cornell University, 1952. Sponsorship and

field direction by Georgia Geological Survey.
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MURPHY AND BREVARD MARBLE
Two belts of metasedimentary rocks strike generally northeast and
southwest through the upper and middle Piedmont region of the state. The
rocks of these belts differ in composition from the enclosing older para-
gneisses and migmatites and they contain the only known marbles from the
large crystalline area of the state.

Murphy Marble Belt

A long overturned syncline of these sedimentary rocks extends from
Hewitts, North Carolina, southwestward, entering Georgia near Culberson,
N. C., in Fannin County, Georgia, through Mineral Bluff, Blue Ridge,
Ellijay, Tate, Marble Hill, and Ball Ground. The rocks extend through
the Allatoona district in southeast Bartow County, the belt widening to
be correlated with the Talladega of Alabama. Marbles in this belt occur
locally in numerous places, from North Carolina southward nearly to Can=-
ton in Cherokee County. Southwest of that district there is one occur-
rence of marble north of Buchanan in Harralson County. The marbles or
crystalline limestones are extensively quarried in the vicinity of Tate
and Marble Hill for dimension and monumental stone and also as crushed
stone for various uses. Numerous deposits of these marbles throughout
the belt ranging from white to blue and from high calcium marbles to dolo-
mites have been recorded. The white dolomitic marbles in the vicinity of
Whitestone have been extensively quarried. In Fannin County, there are
two marble belts. These marbles are of excellent quality for highway con-
struction. Detalls of the localities where outcrops may be observed or
quarried can be obtained from the references cited below.

No fossils have been found in these rocks and their geologic age

is uncertain. However, all geologists who have written upon this topic
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recently believe that they are of Paleozoic age.

Brevard Belt

A belt of metasedimentary rocks, very similar in composition and
general appearance to the belt described above, enters the state from
Oconee County, South Carolina, extending through northern Stephens,
Habersham, Hall, Gwinnett, Fulton, southern Cobb, southern Douglas, Carroll,
and Heard Counties into Alabama. The stratigraphy and age of these rocks
is less understood than those of the previously described belt. Detailed
work may definitely indicate the structure of the belt and may differ-
entiate between the formations which compose it. On the state geologic
map a long thrust fault is tentatively placed approximately along the
southeastern side of this belt and present knowledge suggests that the
rocks of the belt represent an overturned syncline thrust faulted along
its southeastern side. Marble deposits have been recognized and des-
cribed by the Georgia Geological Survey in this belt as far south as
Flowery Branch in Hall County (Furcron, 1942). These marbles are of good
quality for highway construction, but have been very little used., For
specific location of deposits, see references given below.

References (Murphy and Brevard Marble)

Bayley, W. S., Geology of Tate quadrangle, Georgia: Ga. Geol. Survey,
Bull. 43, 1928, 170 pp., 22 pl., 2 figs, geologic map.

Furcron, A. S., Dolomites and Magnesian limestones in Georgia: Ga. Geol. Survey,
Info. Circular 14, 1942, (Brevard belt, pp. 6-11).

Huret, V, J., Stratigraphy, structure and mineral resources of the Mineral
Bluff quadrangle, Georgia: Ga, Geol. Survey, 1955, 137 pp., 56 fige.,
12 tables, 6 pl., 2 diagrams.

LaForge, L., and Phalen, W. C., U. S. Geol. Survey Atlas, Ellijay folio (No.

187), 1913. (Out of print, see your libraries)
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Maynard, T. Poole, Limestones and cement materials of north Georgia:

Ga. Geol. Survey Bull. 27, 1912 (Piedmont marbles, pp. 109-128).
McCallie, S. W., Marbles of Georgia (Revised Edition): Ga. Geol. Survey,

1907, 406 pp., 34 figs., 10 plates, geologic map.

Pruitt, Robert G., Jr., The Brevard zone of northeasternmost Georgia:
Unpublished Masters thesis in library of Emory Univ., 1952, 71 pp.,
geologic map (deals with marbles in Stephens & Habersham Counties).
Sponsorship and field direction by Georgia Geological Survey.

CAMBRIAN AND CAMBRO-ORDOVICIAN
(Conasauga limestone and Knox dolomite)

As you may see from the Paleozoic column on the state geologic map
about one-half of the entire Paleozoic sequence consists of Cambrian and
Cambro-Ordovician rocks. There are three limestone and dolomite-bearing
formations present which are from oldest to youngest; the Shady dolomite,
limestone in the Conasauga formation and the Knox dolomite., The Shady
dolomite is deeply weathered and poorly exposed and close to the Carters-
ville fault,

The most important rock for aggregate in the Lower Cambrian is the
blue limestone of the Conasauga formation. This formation is widespread
in the eastern and southern third of our exposed Paleozoic sequence. The
formation consists of shale with limestone layers which are thin to thick.
These beds can be traced with detailed work and constitute an important
mineral resource of the district here indicated. Some of the beds are
slaty and not entirely suitable for aggregate. Thus far, geologists who
have mapped our Paleozoic rocks have not been sufficiently economic minded
to map these Important limestone beds in the Conasauga. We are now doing
this and we hope that when we eventually prepare and publish the nekt state

geologic map that we will have a good differentiation of rock types for
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this formation. The L & N Railroad from Cartersville into Tennessee fol-
lows important outcrops of this limestone. In general, they have not been
developed and they represent a potential mineral resource of considerable
importance. Also, they are north of Cartersville, our eastermmost Paleozoic
limestone, and along the Cartersville fault the crystalline schists and meta-
graywackes are thrust directly over them.

The Knox dolomite of Cambro-Ordovician age also 18 a very thick for-
mation and 18 very widespread. It contains a considerable amount of chert
and over the entire area it is usually deeply weathered, but may be mapped
by the high chert content of the soil. This chert, with the accompanying
fine siliceous material has been extensively used to improve unpaved roads.
The Knox dolomite is a good stone for aggregate, but because of its deep )
weathering, there are few quarry sites available.

ORDOVICIAN, SILURIAN, AND MISSISSIPPIAN

These Paleozoic rocks contain numerous formations where limestone
suitable for aggregate may be obtained. 1In the Ordovician, the Newala
limestone is usually pure, 1s thick bedded, blue to blue-gray and finely
crystalline., It crops out in narrow belts, for example, along the sides
of Miassionary Ridge, and occurs over the Rockmart shale north of Aragon,
Polk County. The Murfreesboro limestone is quite variable in composition,
generally blue, and compact, and locally contains some chert. It crops
out notably around Chickamauga. The Mosheim limestone is compact, and
dove-coloréd, pure, persistent, but rather thin. The Lenoir is a dark-
gray, coarsely crystalline limestone, locally cherty. The Lebanon is thine
bedded, locally argillaceous. The Holston, often referred to as the Holston
marble, enters Georgia from Tennessee, in a narrow belt just east of State

Highway 71. The Lowville is a fairly pure, blue limestone, but the Moccasin



-1 8~

is argillaceous and in many cases & mud vock. The Trenton limestone ig
very fossiliferous, thin bedded, blue-gray, and coarsely crystalline. The
best exposures are reported from Lookout Valley {for distribution see Butts
and Gildersleeve, 1948).

Limestones are essentially absent in Silurian rocks where the dominant
rock types are sandstones and shales. There is very little Devonian in
Georgia, the Armuchee chert being only about 50 ft. thick.

The limestones of Missisgippian system are perhaps the most important
of northwest Georgia for the purposes under discussilon, and are at present
generally classified most with the Bangor, and have not been separated in
geologic mapping. They are rather similar io charécter, pure, generally
gray to bluish-gray, coarsely crystallilne, and thick bedded, representing
the principal important source for aggregate. They are particularly weli-~
exposed beneath the Pennington shale and Pettsville rocks around the edges
of Lookout Mountain and in such places are quite accessible for quarrying.

POTTSVILLE

In the extreme northwestern corner of Georgia in Dade and Walker
Counties are two outlliers of the Aliegheny plateau, known as Sand and
Lookout Mountains. These mountains are capped with sandstone and shales
of Pottsville age, which have been separated intoc several formations {(John-
son, 1946). They are underlaild by the Mississippian Pennington shale be-
neath which is the great sequence of Mississippian limestones.

The Pottasville is composed of thick sandstone conglomerate and sghale
beds and the only rock which might be used for highway purposes would be
massive sandstone and conglomeratic sandstone beds and flagstone, but they
would not be suitable for aggregate.

References (Paleoczoic Rocks)

Butts, George, and Gildersleeve, Benjamin, Geology an¢ mineral resources
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Geological Survey.
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CRETACEQCUS FORMATIONS
A band of upper cretaceous rocks crosses through the central part of
th:= state, producing the inner marginal formation of the Atlantic Coastal

Plain. The Tuscaloosa, Cusseta and Providence formations contain an abun-

dance of sand and a great deal of sand and gravel, are taken from the Tusca-

locsa formation between Butler and Columbus, especially in the vicinity of

Junction City. The Tuscaloosa formation i8 famous for its bodies of white

kaolin, but no quarry sites are known from this belt of Cretaceous rock

which could produce a usable crushed stone. The Fall Line cities, Columbus,
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Macon, and Augusta depend upon quarries in the crystalline area. They
could draw upon the Tertiary limestones also which are just south of the
Cretaceous belt.
TERTIARY LIMESTONES
Introduction

The Coastal Plain is composed of Mesozoic and Cenozoic rocks. The
oldest exposed rocks occur at its northern limits where the Upper Creta-
ceous Tuscaloosa formation crops out (see Georgia State geologic map) .
Above this formation are numerous other upper cretaceous rocks which are
exposed particularly towards the southwestern part of the state. Thus,
the Cretaceous outcrop is wedge-shaped and looses its belt-like character
in the middle and northeastern extension where the Tuscaloosa formation is
exposed beneath Tertiary rocks only in stream valleys and in narrow belts
right against the crystalline rocks. These Mesozoic rocks contain valuable
resources of white kaolin and sufficient deposits of sand to last us in-
definitely, but they do not have consolidated rocks suitable for the preparation
of aggregates for highway construction.

The remaining portion of the Coastal Plain is directly underlaid by
Tertiary and Pleistocene formations. Over a large part of the central dis-
trict, the Miocene Hawthorn formation is exposed. 1Its rocks consisting of
fullers earth, sands, sandy fullers earth, cherts, thin beds of limestone
and other types, do not seem to contain good limestones for the opening of
quarries, and thus far no stone has been quarried in thig district to my
knowledge.

Pleistocene deposits (sands and clays) occur at the surface in a belt along
the coast which is at least 40 miles wide, but extends up the major stream
courses to points as far back as the fall 1ine. Thus, our discussion of

commercial limestones will now be confined to certain Tertiary formations
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where they are good enough and thick enough to quarry.

Useful Deposits

Although most of the known commercial deposits of limestone thus far
discovered belong to only one of the Tertiary formations, several other
formations are known to contain limestones which may at some date be used
for road construction. The distribution of the following mentioned forma-
tions may be obtained by referring to the geologic map of Georgia.

Paleocene deposits represent the oldest Cenozoilc rocks, thus they
crop out fartherest West. They are represented in Georgia by the Clayton
formation, which however, is usually very completely weathered and oxidized
upon the outerop. The lower part of the formation is a sandy limestone, but
the unweathered limestone of this formation is mostly buried just southeast
of its outcrop by later formations. Outcrops in southwest Georgia may be
excellent limestone but rather soft for crushed stone.

The lower Eocene~McBean formation, estimated to be roughly 100 ft.
thick, 1is generally sandy, but there are localities such as Shell Bluff,
in Burke County where rather unconsolidated limestones and shell rock occur.

The important limestone producing formation in south Georgia is the
Ocala limestone of Eocene age. Its outcrop is wide in southwest Georgia
and it extends northeast as far as Wilkinson County. It is usually a white
or cream-colored, pure limestone, the lower part of the formation somewhat
sandy. The total thickness of the Ocala is not yet definitely known. In
Twiggs County the extension of the Ocala is classified as a Twiggs clay
and contains valuable deposits of Fuller's Earth. In the vicinity of Sanders-
ville in Washington County, an equivalent of the Ocala is referred to as
the Sandersville limestone (Cooke, 1943, p. 62). This is a light-gray,

chalky limestone;bsomewhat sandy near the base.
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The Flint River formation of Oligocene age occupies a considerable
district in Georgia, forming a long, irregular outcrop belt just east of
the Ocala limestone. It originally consisted of impure limestones and
chert, but it 1s poorly exposed and deeply weathered. Thus, masses of
fossiliferous chert residual clay, sand, and gravel, usually indicate the
presence of the underlying Flint River formation. There are few outcrope’
available and at present no known quarries in this stone.

The Tampa limestone of Oligocene age is indicated by Cooke (Cooke,

1943, geologic map) as a narrow belt cropping out along the prominent
escarpment which separates Flint River formation from the Hawthorn and
which extends in Georgia from the junction of Flint and Chattahoochee
Rivers, northeast, to the vicinity of Sylvester. The formation has a pos-
sible thickness of 100 ft., is generally weathered down, but where observed,
consists of soft to hard limestone, lccally sandy.

Lower Miocene limestone regarded as Tampa crops out along the major
streams south of Turner, Irwin, Coffee, and Ware Counties. In genaral, these
limestone beds are reported to be thin and not adapted to the epening of
large quarries.,

In many cases, both hard and soft limestone may be encountered in the
the same quarry. In former years, there was no use for the hard limesgtone,
but the softer varieties were used, combined with the natural composgition
of soil roads to form a sort of macadam. Where quarries are opened for the
purpose of obtaining aggregate, it 1s well to determine the expected pro-
portion of hard and soft limestone available and this iz one of the important
reasons for drilling such a deposit. Another reason for drilling, especially
if the limestone ig desired for purposes other than aggregate ig to determine

1£ the lower sandy part of the formation is present. In such deposits,

L4
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naturally the hard lime will crop out and the areas of soft lime may not
be observed until the deposit is drilled on centers.

Teritary limestones of south Georgla are excavated near Bridgeboro,
in Mitchell County, at Clinchfield for the manufacture of Portland cement
in Houston County, and at Armena in Lee County. When we consider the need
for agricultural lime and for aggregate over this very large area of Georgia,
it is surprising that there has been so little development of these exten=
8ive limestone deposits, particularly, the Ocala limestone.

In developing the limestone, it is best to select a locality where
the stone has a minimum of overburden and is at or close to the surface.
Good stone may be seen around the margins of sinks in very many places,
but at such localities, the limestone is very porous and full of solution
cavities, many of which contain soil. Outcrops are abundant in the banks of
rivers and creeks, but as a rule these are not desirable localities because
these limestones are all quite soluble and will contain solution cavities
to water level. Thus, if quarries are opened too near the stream large
inruptions of water may be expected. By checking the depth of overburden
awvay from stream courses in may cases it would be possible to select good
quarry sites and also have available water supplies. Such properties
should be carefully prospected down the slope. In prospecting for limestone,
the many new roadcuts made by the State Highway Department often disclose
the presence of good stone. Where limestone is found under will-drained
areas between streams and close to the surface, it can be removed for con-
siderable depth before water is encountered, and below the water table only
a reasonable amount of seepage water might be expected.
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HAWTHORN FORMATION

Much of the central portion of tle Coastal Plain of Georgia is covered
by this formation which is regarded as having about 200 ft. maximum thick-
ness. Its composition is not favorable for quarry sites or for limestone
deposits. Much of the formation consists of sandy fuller's earth, sands,
sandstones and some chert. In the lower part of this formation limestones
occur and these limestones crop out in southern Georgia along the major
southward flowing streams which have cut through the upper part of the
formation to expose the limestone, Thus, in this section of the state pros-
pecting for limestone can be done along the stream courses. In most placéa
prospecting will be necessary in order to determiue the nature and thickness
of the stone which may range from hard to soft in the same outecrop. There
is no important production of stone at present from this district.

PLIOCENE AND PLEISTOCENE

The eastern coastal area of Georgia covered by rocks of this age do
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not offer opportunities for the opening of quarries. The deposited materials
are argillaceous, calcareous, phosphatic clays and sands, but no hard lime-
stones are known. Beneath these deposits, the Hawthorn formation occurs.
Some thin beds of soft marls and limestones have been described (Brantley,
1916) along the St. Marys River in Charlton and Camden Counties.

CONCLUSIONS

In the Coastal Plain of Georgia which covers approximately 60% of the
state, the principal source of stone will be Tertiary limestones, particularly
the outcropping belt of Ocala. These limestones are not as hard as present
requirements for aggregate generally demand, but with judicious planning, a
very large supply of limestone can be obtained for all of the common uses
to which this rock is applied.

In the crystalline and highland area of the state (approximately 30%)
granites, foliated granites and migmatites are producing at present most of
the commercial crushed stone. Along the southern marginal belt of the
Piedmont, metavolcanic rocks also are supplying a considerable amount of
aggregate. The granite rocktypes will remain in the future a dominant source
of supply for this district,.

In the Paleozoic area which includes all or parts of about ten north-
western counties (10% of the state) the principal rocks have been and probably
will remain the Conasauga limestone, Mississippian limestones, and to a

lesser extent, Ordovician limestones.
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DESIGN CONSIDERATIONS IN THE TREATMENT OF SOFT FOUNDATIONS

By

P

HARRY E. MARSHALL
Engineer - (eologist
OHIO DEPARTMENT OF HIGHWAYS
This paper will deal with treatment of peat and assoclated soft clays
which are common to the glaciated areas of the United States. Our concern
with these problems has been greatly increased in the past several years
because of the necessity for construction new high type roads on all new
locations such as the Ohio Turnpike across the northern part of the State
and the new Interstate Route from Columbus in the central part of the State
to Cleveland on the shores of Lake Erie. The high geometric standard ne-
cessary for roads of this type and the desire to locate them in such a way
as to do the least damage to existing homes, factories, and the other high
value facilities has tended to push these locations out inte the hills,
brush, and marshes. On the new Interstate road between Columbus and Cieve-
land, treatment of soft foundations, peat deposits, etc., is costing in
the neighborhood of $2,000,000.

ORIGIN OF PEATS

Peat and soft clay foundation in Ohio are associated principally with

the most recent Ice advance, namely, the Wisconsin,

i

the glacial drift o
Fig. 1. 1In Ohio, this covered the northwestern three-fourths of the State.
The glacial drift in Ohic and in neighboring States had a general tendency
to fill up the valleys and level off the hilltops, destroying the old estab-
iished drainageways and leaving & constructional type of terrain which in
many areas 1s made up of hummocky ground and undrained depressions. The

formation of peat in these undrained areas is well illustrated in the following
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sketches taken from Ohio Geological Survey Bulletin No. 16 on Peat Deposits
by Alfred Dachnowski.

Figure 2 illustrates a lake with open water at the right and with a
vegetative encroachment which has aiready filled the shallower portion of
the lake at the left. Each type of vegetation has its preferred habitat
depending on depth, turbulence, and chemical composition of the water. 1In
the open water there is practically no plant growth; moving into the shallow
water and across the filled portion of the lake we find first, the marginal
plants such as the lilies, the shore succession consisting of submerged and
semi-aquatic plants such as the reeds which project their single leaves
above the surface of the water, and then the Bog Succession consisting of
Sog meadow, bog shrub, and bog forest.

Through the normal processes of growth, partial decay, and disintegration;
the bottom of the pond i3 gradually filled with decayed vegetative matter., These
deposits are acted upon by the normal agencies of currect, wave action, and
sedimentation. During periods of turbulence, some of the finer portions of
decayed matter are carried out into the open water, together with silt and
clay mineral solls washed in from nearby higher ground to be deposited as
sedimentary peat and organilc clays. Local or seasonal variatioms in run-
off, current, and wave action will greatly alter the type of material being
deposited on the lake bottom, thus explaining the considerable complexities
and variations which are associated with these deposits.

As open water depth is reduced by sedimentary deposition, the habitat
is modified to a point at which aquatic and semi-aquatic plants may thrive
and these plants, therefore, migrate into what was once open water; in the
meantime, these plants have been growing, dying, and building up a mat of
gsemi~fibrous and sedimentary peat, thereby reducing the water surface in

their locale. This reduction modifies the habitat and provides a condition
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acceptable to the Marsh Vegetation. These marsh grasses, reeds, and cane
in turn build a deposit of fibrous peat, modify the habitat, and provide
~a condition favorable to the bushes, conifers, and eventually the deciduous
trees which form the woody peat. This repeating process gradually fills
the lake.

It should be emphasized here that the undrained depressiom 1ias still in
existence. It has been loosely filled and covered but has not been destroyed.
The lake can be restored by removing the peat such as would be the case 1if
peat were excavated to make way for a highway embankment. The accumulation
of peat occurs because the plant remains are protected from the normal
weathering processes by submergence, Because they are submerged, they are
protected from oxidation and from aerobic bacterial action. Also, the acid
contamination of the lake, resulting from the decaying vegetation, reduces
the anaerobic bacterial action, thus extending the time required for decom-
position to many thousands of years. Recognizable forms of plant and animal .
remains are common and, in at least one case, a well-preserved.human being
was found.

CLASSIFICATION OF ORGANIC MATERTALS

Considering the origin of these organic materials, it is evident that
many variations in type can be expected. For purpose of identification,
Ohio has adopted the following classification:

Organic Clays -

These are mineral solls containing some interspersed organic
materials. The organic content ranges from 4 to about 12 per cent and
the liquid limit from 35 to 100. They are usually soft, gray to black
in color, and have water contents equal to or greater than their Iiquid

limits.

A



Sedimentary Peat =~

This is a sedimentary deposit in open water of an amorphous
residue of partially decayed organic matter together with a variable
amount of mineral soills. As in the organic clays, horizontal and verti-
cal variations are explainable by the laws of sedimentation. The or-
ganic component of the material ranges from 12 to 50 per cent, liquid
limit is usually on the order of 100 or more, and water contents are
usually higher than the liquid limit. The color ranges from gray to
green and occasionally black.

Fibrous Peat -

This material is an accumulation of the recognizable remains
of semi-aquatic and shore succession plants. It is characterized by
the presence of short fibers derived primarily from the alteration of
the grasses and sedges. Atterburg limits are usually not run of this
type of peat. Water contents are usually high, ranging from 100 to 1000
per cent. The color is usually light to dark brown depending on the
degree of decomposition.

Woody Peat -

Woody peat is derived primarily from trees and brush and is iden-
tifiable on the basis of the large amount of partially decomposed wood
fragments found in it. The color is usually black and the water con-
tents have about the same high range as the fibrous peats.

Fine Textured or Compact Peat =~

This is a dark brown to black decomposed vegetative material in
which the decomposition has advanced far enough to obliterate nearly
all traces of the former plant. The color is usually darker than that
of the fibrous or woody peats from which it was derived. Water contents

are usually in the 100 to 1000 per cent range as they are for the fibrous
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peats. This structureless material constitutes the largest percentage

of our usual peat deposits.

Marl -

In its pure form, marl is fresh water calciun carbonate derived
from plant and animal remains. It is usually associated with various
amounts of organic material or mineral soil.

Often the above described organic soils are covered by mineral soils
which have been washed in from ad jacent higher ground. The presence of these
more normal soils over the soft organic materials presents a special problem
both in the treatment and in the identification of the soft foundation area.
Depth of this wash cover may range from O up to 20 feet.

TREATMENT OF SOFT FOUNDATIONS

There are a number of possible ways in which the soft foundation area
may be handled. The selection of the most appropriate treatment will de-
pend on the type of improvement being made and on the specific nature of the
bad foundation material. Briefly, these alternates are as follows:

Avoidance -

Needless to say, the most desirable procedure is to adopt an
alignment which will miss all of the more serious problems. This is

of course not always -possible; however, in the early stages of plan

development consideration should be given to possible soil conditions

and if an area is suspected to include some poor foundation materials,
it should be investigated sufficiently to get some idea of the magni-
tude of the problem.

Floatation =

Where a very low embankment loading is possible, or where the general
characteristics of the roa& do not warrant the high expense required

to stabilize the soft material, the road may simply be built across the
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deposit using a light weight fill material placed directly on the exist-
ing ground or on a timber mat. Figure 3 is a photograph of a recently :
constructed roadway consisting of a cinder fill about 3 feet high which
lies on about 40 feet of fibrous and sedimentary peat. In this case
the old road did go around the peat deposit, but it had four right angle
turns in a distance of less than 1,000 feet. A short distance west of
this spot, the present road is floated over deep peat for a distance
of 2300 feet. Although the surface is a little wavy, the alignment
is straight and the traffic is not confronted with hazardous curves. It was,
therefore, considered worthwhile to straighten this east section by going
across the bog. The scalping which is usually done before placement of a new
fill was waived here, the ground surface was cleared of brush, but the grass
and other vegetative cover which would not project through the fill was
left in place. As is to be expected, there has been some settlement of
the new fill, about 0.3 of a foot to date. However, we think it will be
more economical to do a little surface maintenance in this area from time
to time rather than to spend the $150,000 whicﬁ we estimated would be
required to treat the peat.

The example given above applies to a secondary road and to a deep
peat deposit. We also have the condition of a shallow layer (2 to 5 feet)
of compressible organic soils overlaying sand and gravel. Even on pri-
mary roads in this case, we have been successful in treating theée goils
simply by using free draining granular material in the lower two feet
of the fill. The presence of granular material above and below the com-
pressible soil permits rapid drainage of the unstable soil and complete
consolidation prior to placement of the pavement.
Total Excavation -

When soft materials such as peat occur immediately beneath the sur-
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face of the ground in depths on the order of 10 to 15 feet, it can be
totally excavated and replaced with suitable fill, see Figure 4. Since
there is likely to be open water in the hoie from which peat was re-
moved, it is our usual practice to use granular material for the back-
fill and to permit placement of this material by the method of end
dumping.
Partial Excavation and Displacement -

This is sometimes referred to as the Michigan Method. It is appli-
cable to the peat soils since they are usually sufficiently fluid to
be displaced under a suitable fill loading. The procedure consists of
excavating a trench in the peat ahead of the advancing fill to a depth
of 10 to 15 feet. When depth of peat becomes greater than the trench the
weight of the granular fill plus surcharge displaces the soft material
under the fill into this trench from which it can be removed by exca-
vation. When the trench has been cleaned out, the fill is brought for~
ward into it by end dumping of granular material. Thus, by alternate
trenching and filling, the embankment is advanced across the deposit.
Peat deposits Up to 45 or 50 feet can be successfully treated by this
method, The method has also been used on deposits with depths up to
70 to 75 feet, which appears to be about the maximum depth at which
peats occur in Ohio. However, there has been some movement of fills
placed by this method on these deeper deposits. Our experience indicates
that 50 feet 1s about the maximum depth of soft material which we can
totally displace., However, we have not found an entifely suitable al-
ternate method.

For both the total excavation case and for the case of partial
excavation and displacement, we have found it expedient to determine

the volume of material excavated by measuring the volume of granular
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fill required to fill the hole. Our plans provide two items of granular
borrow in the case of the excavation and displacement method.

(1) Per cubic yard of granular borrow including the cost of excavation.
(2)' Per cubic yard of granular borrow.

The total quantity of granular material is determined by cross sectioning
the borrow pit from which it is taken and the quantity of granular bor-
row above the original ground line is determined by cross sectioning the
fill. The amount of granular borrow including the cost of excavation of
unsuitable soils is found by subtracting the amount used in fills from
the total quantity,

Vertical Sand Drains -

Vertical sand drains, see Figure 5, can be used in deep soft clays
and sedimentary peats which are not fluid enough to be handled by the
displacement method, but are too soft to support the fill as they are.
The sand drains tend to expedite drainage of water from the soft foundation
by providing closely spaced filter wells through the foundation. As
the fill load is added, water which is squeezed out of these soils can
escape upward through the sand drains into the sand blanket which is
provided at the base of the embankment and thence out to the toe of
the fill slope. By this method, rate of consolidation of the soil is
hastened and the strength of the soils increases so that the foundation
can support the final loading. Naturally, this procedure requires
thorough laboratory testing to develop the design and careful cqntrol
of the rate of fill loading during construction, plus a surcharge and
waiting period after the embankment is completed to assure that the
ultimate settlement is obtained before the pavement is placed.

Structure -
The final alternate is .simply to bridge the area with some sort of

structure supported by piling driven to firm subsoil. Figure 6 is a
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view showing the pile and concrete cap structure used to bridge a soft
foundation area near Mansfield, Ohio,' on a recently completed project.
A structure similar to this was also used at one of the deep peat bogs
on the Ohio Turnpike.

EVALUATION OF CONDITIONS

With the data available on foundation conditions and the above described
alternate treatments in mind, the designer must select the method of treat-
ment which is most appropriate for his particular problem. Factors which will
have to be considered in the selection are:

Type of Improvement being Made -

Naturally, a little more tolerance can be permitted in allowable
settlement on a low type, secondary road than on a high type express-
way. Further, a failure of the secondary road, although undesirable, is
by no means as completely unacceptable as the failure of a prime arterisl
highway.

Cost of Method of Treatment -

All other factors being the same, the least expensive treatment which
will give satisfactory performance under the conditions of service
should be selected. To give a rough idea, we have computed cost of
construction of a section of four-lane highway over a soft foundation
30 feet deep and 500 feet long. For this problem, we have assumed that the
foundation could be successfully treated by either excavation, vertical
sand drains, or by building a bridge. Cost of the alternates is computed
below. Unit costs used in this analysis are based on Ohio experience in
the past year.

A. Vertical Sand Drains -

28,200 Lineal Feetv16” Vertical Sand Drains

at $1.70 Per Foot = $48,000
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3' Deep Sand Blanket, 15,000 Cubic Yards

at $3.80 Per Cu. Yd. = $§57,500
10" High Surcharge Place and Remove i
20,750 Cu. Yd. at $1.20 = $24,900 :
Total Sand Drains $130,400 8
B. Partial Excavation and Displacement -

113,325 Cu. Yd. Granular Borrow Including

the cost of Excavation at $2.00 = $§226,600
106,670 Cu. Yd. Granular Embankment Minus

cost of Regular Embankment at $0.60 = $64,000
20,750 Cu, Yd. Surcharge Place and Remove

at $1.80 = $37,400
Total Partial Exca&ation and Displacement $328,000

c. Structure -

Twin Bridges 33' Wide out to out, structure

cost Per Sq. Ft. of Deck = $18.00
33 x 2 x 500 = 33,000 Sq. Ft. at $18.00 = $595,000
Less cost of normal embankment

106,670 Cu. Yd. at $§ .60 = $64,000
Less cost of pavement, paved shoulders,

etc. 500 x $45 = §22,500
Less cost of guard rail -

1000' at $3.00 = § 3,000
Total Savings by Bridge $89, 500 589,500
Total Structure $506,500

Adaptability to Soil Conditions Encountered -

Most important of all, the method selected must be applicable to the
specific questionable foundation soil. A surface deposit of fibrous or
woody peat would be so weak that drainage by the use of filter wells or

sand drains would be relatively ineffective. Building an embankment of
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moderate height, even at a very slow rate, would undoubtedly result in

failure by lateral displacement. This extremely weak material would

either have to be replaced by stable foundation soil using one of the
excavation methods or the area bridged. Figures 7, 8, and 9 illustrate
an area of deep peat treated by the partial excavation and displacement
method.

On the other hand, a deep deposit of sedimentary peat and organic clay,
which is overlaid by washed-in mineral silts and clays is likely to be so
stiff that treatment by partial excavation and displacement would not be
satisfactory, since it is probable that much of the material would not dis-
place and would leave irregular masses of compressible material in the foundation
thus permitting large differential settlement. Under these conditions, verti-
cal sand drains would perhaps be the most effective treatment, since they would
expedite the foundation drainage and permit construction within a reasonable
time limit without failure of the foundation by partial displacement. Figures

10 and 11 illustrate a deposit of organic clays, and sedimentary peats treated
by the use of vertical sand drains.

Only with a thorough knowledge of the extent and type of material, a
careful evaluation of the economics of the possible alternate treatments, and
of the allowable settlements in the facility being constructed, can the best

treatment for the specific problem be selected.
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PIGURE 2 - Showing formation of peat in an open Lake by succesive

cucroachment, of various types of plants,

Butletin Ho. 16 Peat Deposits.

From Ohio Geological Survey
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FIGURE 3 - Secondary highway "rloated" over 40 feet of fibrous and

sedimentary peat. Note low helght of fill and the use of light weight

cinders.
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FIGURE 5 - Typical section showing principal features

drain Method of treating a soft foundation.

of the sand

»




-42-

FICURE 6 - Pile and concrete cap structure used to bridge a deep

deposit overlain by mineral solls on an important urban by-pass Jjob.
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Excavation of peat ahead of fill (foreground) and advancement

FIGURE 9

of fill by end dumping granular material (background).
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View of mandrel and skip used for driving and filling sand

FIGURE 11

drain,
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THE USE OF GEOLOGICAL INVESTIGATION
IN FOREIGN CONSULTING WORK
By
Charles M. Upham, Consulting Engineer

The title of this paper connotes two things: the first geology and
the second roadbuilding.

In reference to road building, there are certain standard procedures
that are followed regardless of whether the work is done im this country
or in a foreign land. After a program has been outlined with certain roads
to be built, the first step is the location of the road. The next step
ig8 the consideration of what materials will be used in the construction of
the road.

The geologist is important in both of these steps. The importance of
the use of geology in road construction is very evident by the fact that
about one half of the State Highway Departments in this country have from
one to ten geologists on their staff. All but one State has the equivalent
of a geological survey, although the names of the organizations vary. All
State Highway Departments utilize the geological maps and data produced
by these State Organizations as well as those of the U. S. Geological
Survey. The geologists employed by State Highway Departments augment,
rather than duplicate, this geological information.

This is not a new role for the geologist, although at present it is
being greatly expanded, and rating greater importance. Much of the data
now being furnished by the geologist was previously furnished the High-
way Engineer in a cruder and less accurate manner.

The efficiency and economy of the earth work involved in any road pro-
gram will depend to a large degree upon the accuracy and extent of the informa-

tion supplied by the geologist to the Highway Engineer and Contractor.
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Geological materials are used directly in the construction of many highway
parts, such as foundations, bases, surface courses and structures. The
ability to locate suitable materials in sufficient quantities from infor-
mation supplied by the geologist will effect both the progress and economy
of a road program.

In foreign countries, it is the exception, rather than the rule, to
have any geologic maps and this information must be obtained and produced
by the geologist. We have found considerable activity in the preparation
of maps by the Army Map Service and these, of course, have been very help-
ful for location designations.

One of the most interesting participations of the ''geologist in a
road program" was in Egypt where one of your own members, Mr. W. T. Parrott,
was in charge of obtaining, recording and presenting the geologic data
that was to be used in connection with the comprehensive road program of
the country.

Most of you who have had experience with deserts know that as a rule
the desert is a road builder's paradise and practically almost any kind
of road material can be found in the desert. The Delta area of Egypt was
bounded on each side by deserts and material that has recently served ex-
ceptionally well in road building had been available in these deserts for
the past hundreds of years - yet hardiy ever used. The probable reason
for this was because the geologic information as to its quality and lo-
cation had not been presented to the road engineer.

A comprehensive geologic study of the desert area showed that there
was an abundance of aggregates that were perfect for road construction. A
thorough knowledge of this area showed that in many instances the aggregates
had occurred in nature all classified and ready To use. In some locations

there were graded gravels from 2" down to sand. In other areas there were

[
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pieces of gravel large enough to produce crushed stome, and in many areac
rhere was fine gravel ranging from 1/2" tc 1/10" that was perfect for
bituminous cover material and this had already been classified and pre-
pared when it was originally laid down or by the subsequent winds. 1In
addition, there was sandstone and limestone.

A geologic study of this area showed that we were working on the
West Terrace of the Nile and the only thing lacking to furnish practi-
cally all of the road material that Egypt would ever use was that of
transportation. In order to reduce transportation, a further study was
made for aggregate materials and it was found that the East terrace of
the Nile, together with a flood plain, contained even more and better ma-
terials than had been found on the West terrace. Samples of all of these
materials were sent to the laboratory for confirmation and a map was pro-
duced by Mr. Parrott showing the location of all materials throughout
the Delta and adjacent deserts that were satisfactory for road building.

As you may already know, the Delta of Egypt resulted when a deep
estuary had been filled up with the silt from the Nile and being located
a long distance from the source only the finest material was deposited in
this area. It was decidedly a silt and clay, and while it happened to be
excellent for farming purposes, it was practically useless for road build-
ing without the addition of coarser aggregates. It was found in the Labo-
ratory that this material, when mixed with the proper amount of coarser
sand or gravel that could be found in the adjacent desert, made a satis-
factory mix for road bases which when protected by a bituminous surface
gave excellent results.

The geologist came into play again and showed that the river deposited
the coarser sand further up stream, or somewhere near the south end of the

Delta. So, instead of hauling material all the way from the desert, it
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was possible to dredge this coarser sand and mix it with the silt and thus

form a fair sand-clay base, which when topped with 8 couple of inches of

R RN PR

gravel or stone from the desert and protected with a bituminous cover,
made an excellent road.

In addition to this, several studies were made of limestone quarries.
It was quite evident that the highway engineers were utilizing specifi-
cations that were drawn in some other country for if a limestone had more
than 35% Los Angeles Rattler loss, it was difficult to get the engineers
to use it. It was found through experiment that an excellent base could
be made of limestone with as high as 607 - 65% Rattler loss and in this
dry climate and when topped with a better wearing surface wmade an ex-
cellent base. Many of the. old quarries in use during the time when the
pyramids were constructed had thousands of tons of what they call retuse
rock. This material wmade an excellenl base and reduced the cost ol rvoad
construction. All of this information was ilurunished by the geologist.

While geology was not used in the first step ot road location in Exypt,
it was used throughout in the finding and obtaining of materials for con-
struction. The next step which will include roads to the various vases
will probably be located through photogrammetry and based on geologic
findings. There is no question but what aerial pictures will show the
geologic formations so that proper and economic locations of the highways
can be made.

The durability of the roads we are building will depend to a large
extent upon the bases, subbases, and subgrades which support the surfaces.
Again, the accuracy and extent of the informatio:. we have on the geological
materials which comprise these supports will be an important factor in
their design for maximum service life of these roads.

In the United States, some 375,000 structures will be constructed,
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or improved, under the present interstate highway program. The extent and -
accuracy of our knowledge of the geological materials which will serve as

foundations and aggregates for these structures will be an important factor

in their future service behavior. The best and most economical locations

for our highways can be selected if adequate geological data is available.

Future drainage problems can be minimized if geologists provide geological

guides for the Highway Design Engineer.

These are a few of the reasons why the role of the geologist in
roadbuilding has increased in importance. There are other reasons, too,
which are very significant because of some of the characteristics of our
present U. S. roadbuilding program. Congfeas declared, in the Federal
Aid Highway Act of 1956, that it was in the national interest to accelerate
the rate of highway construction. As a consequence, highway departments
went all out in an effort to streamline procedures to increase the flow
of projects into the construction stage. In less than three years, 42
State Highway Departments, many consulting ensineering firms and the
Bureau of Public Roads have integrated the electronic computer into their
operations to greatly speed up processing and presentation of engineering
data. Here at Georgia Tech, the Rich's Electronic Computer Center contri-
buted to this effort by furnishing the State Highway Department excellent
computer service.

Highway departments, including Georgia, have rapidly expanded .their
use of aerial surveys and modern photogrammetric techniques to expedite
the collection and processing of engineering data. And, in keeping with
their role in roadbuilding, geologists are also extending their use of
aerial surveys to expedite the collection and preséntation of geological
data.

The detailed stereoscopic study of aerial photographs, for the purpose
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of evaluating the soil pattern elements, can vastly simplify the mapping
of soils in the field as well as the office. Since soil patterns are of =
a recurring nature, the interpretation of their basic air-photo patterns, -
along with the identifying elements, is an economic method for efficiently
covering large areas in a relatively short period of time. Under the
same climatic conditions and relative topographic position, any two mat-
erials derived from the same parent material or deposited in a similar
manner will have similar profiles, properties, and air-photo patterns.
In air-photo analysis, the identifications of each of the natural
elements of the soil pattern determines certain physical properties of
a deposit that should all agree, providing the geologic events were
such that the evaluation can be correct. The land form or the general
relief, topographic position relative to the surrounding area, shape and
distribution of physical features, even road and field patterns, all com-
bine to determine the land form of a soil area or deposit.
Soil color, the various shades of gray, ranging from white to black,
appearing in air-photos reflect the photographic soil colors and are known
as color tones. In general, organic and fine materials photograph as
dark color tones, while the coarser, better drained materials photograph
much lighter. Differences in elevation, soil moisture, and soil texture
are all shown by a contrast in color tones.
The proper and careful interpretation of gullies will aid in deter-
mining soll texture and profile development, since uniform, deep soils
have uniform gully cross sections and gradients, while stratification or
variations in the soils develop cross sectional and gradient changes in
the gully, Sands and gravels have short V-shaped gullies, while the
cohesive soils (silts and clays) contain broad, softly rounded V-shaped

gullies with long, uniform gradients extending well into uplands. The
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semi~cohesive silts and sand clays, with their short U-shaped gullies,
often have severe headward erosion.

One of the oldest problems known to the civil engineer 1s the loca~
tion of good granular material. The engineer is expected to know the
locarion and extent of deposits of sand and gravel for successful construc-
tion and performances. The usual method of field reconnaissance, although
time consuming and expensive, often proves inaccurate and unreliable. This
type of surveying is often hampered by lack of roads and cooperation on
the part of the owner, dense vegetation, and other visual handicaps that
prevent great sight distances and recognition of land forms and topo-
graphic position.

The use of air-photos enables the observer to study from above large
areas, determining the aerial extent and sometimes the quality of granu-
lar deposits. For example, I know of one instance where the completion
of a 25-mile highway project had been delayed several years because ground
searches had failed to locate gravel or other suitable material within an
economical haul distance. After a study of éerial photographs was made,
several locations were selected for new field explorations. One proved
to be an alluvial fan containing 50,000 cubic yards of suitable base course
material. The fan was almost bisected by the centerline of the road. Other
selected locations proved to have ample supplies of suitable material to
compliete the project.

Geologists are also making wider use of the soil resistivity equipment
and technique developed by the Bureau of Public Roads to expedite the col-
lection of geological data. This method utilizes the difference in electrical
resistivity of different geological materials forming the earth's surface.
The instruments are low inm cost and portable. The method is simple and

fast. Many applications have been developed which have resulted in sub=
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stantial savings in time and money over conventional core drilling operations.

More important are demonstrated savings in the cost and speed of road i
building. On the Washington-Baltimore Parkway, for example, the Bureau of -
Public Rbads made soil-resistivity surveys before comstruction on the 12-
mile southern end of the project. The purpose was to locate select borrow
material within the right-of-way. These surveys were responsible for pro-
viding enough granular topping material for a 12-inch layer to be placed
over the entire length of this four-lane divided highway from sources with-
in the right-of-way limits. Several hundred thousand dcllars were saved
in construction costs and progress on this project was accelerated.

This method has many other useful applications. It can expedite
the procurement of geological data related to landslide conditions, design
of slopes, bridge foundations and other subsurface explorations. It can
be used as a guide in developing core drilling programs and not only as a
quick check on results, but also to augment those results with additional
data below the depth of the core holes.

Geologists are also taking advantage of improved equipment for making
subsurface explorations by the seismic method. New instrumentation has
reduced the cost and increased the speed with which these explorations can
be made. Here are a few demonstrated applications of this method of ob-
taining geological data which have already effected economies and expedited
the rate of road building. For instance, blasting is a normal road con-
struction operation. Safety is a primary consideration in this operation
and it is closely regulated, particularly in urban areas. Usually, the
amount of explosive that a contractor may use in a charge is regulated by
the American Standard Table of Distances from homes, buildings, and other
vulnerable installations. Sometimes, the contractor is handicapped need-

lessly and cannot use enough explosive to get good breakage or an otherwise
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efficient and at the same time safe operation.

At least one State has revised its blasting regulations to provide
that where seismic data has been obtained in field tests, it may be used
to determine the amount of explosive that may be used.

This application of the seismic method will enable contractors to
carry out this phase of their operations more effectively, efficiently,
and economically without creating any undue hazard.

This method has also been used to reduce another problem faced by
contractors. They must decide on each project what equipment they should
use for the earthmoving involved. Inspection of the site and ''guessti-
mates' do not always produce the most economical and efficient results.
Siesmic surveys can remove much of the guesswork from decisions as to
whether material can be scraper-loaded, whether a ripper can be used to
make scraper-loading feasible or whether the material must be blasted and
shovel-loaded. The expense and delay of putting equipment on a project
only to find that it will not do the best job will be minimized.

It can be seen that the geologist plays an ever increasing part in
the modern highway program, especially from the standpoint of progress
and economy.

No doubt in the early highway programs qualitative geologic data
were furnished the road builder. This information came from various sources;
many times it was incomplete and of questionable value.

It was not until the geologist became an integral part of highway
engineering that the real benefits and savings in road work were realized.
At the present time, it is absolutely essential to use the reports and
studies of ‘the geologist to realize the maximum efficiency in the progress

and economy cof a highway program.
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HIGHWAY MATERIAL SURVEY IN WEST VIRGINIA
Ralph W. Seeger - Engineer-Geologist
Engineering Experiment Station
West Virginia University

An aggregate survey or inventory may be defined as an organized pro-
gram to locate the maximum quantity of aggregate materials suitable for
construction purposes within an area of minimum haulage distance to its
point of use for the lowest possible cost of extraction and processing.

To realize the optimum use of money spent on an aggregate survey its cov-
erage should be broad. Statewide surveys meet this requirement. Since
geology 1s the foundation for all aggregate surveys and since it has no
respect for ﬁan-made boundaries, coordinapion of information on aggregate
locations and materials is best accompliéhed over large areas.

Many benefits to the state can be provided by a materials survey. It
can be beneficial to the design engineer in planning new projects. Knowl-
edge of material available in the vicinity of a proposed project can influ-
ence actual design of that project. Project design is then tailored to fit
the materials at hand. Information furnished by a materials survey can be
ugsed in location planning for roads of all types. By making information on
aggregate locations available to contractors lower bid prices on contract
work will be forthcoming because the burden of exploration has been removed.

As far back in history as man's first attempt at road construction the
reasons for having an aggregate survey or inventory were present. These
very same reasons are present today; however, economics are more important
than ever before. Statewide aggregate surveys have become a necessity.
Several states realized this fact some time ago. Other states have not yet

realized the benefits that such a survey can provide, The Federal-Aid Highway

Act of 1956 has pointed out the real need for aggregate Surveys.
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This act provides for the construction of 41,000 miles of limited
access highways across the United States. This network of highways 1s now
commonly called the Interstate Highway System. Under this Act, the Federal
Government agrees to pay ninety per cent of the cost of construction; the
remaining ten per cent beilng paid bybthe individual states within whose
boundaries the highways 1lie. FEach state will be responsible for all phases
of construction, from initial planning to final completion and afterwards
maintenance of the completed highways. Constantly available for counsel
and guidance is the U. S. Bureau of Public Roads, coordinating the over-all
program.

In a general way, the specifications for the Interstate System in West
Virginia will provide for a limited access, four-lane, divided highway.

This will take the form of two twelve-foot wide travel lanes im each direc-
tion, with a ten-foot wide shoulder on the right hand side of each strip,
and a three-foot shoulder on the left side. Where the gradient is such that
truck speeds will be lower than 30 miles per hour, climbing lanes will be
provided. Median strips will be forty-feet wide, except in difficult terrain
and across bridges, where a four-foot raised strip will separate lanes. 1In
certain cases, opposing lanes will have different elevations and may even
have slightly different routes. West Virginia's share of the Interstate
mileage is about 300 miles at the present time, From specifications calling
for a base course thickness of fifteen inches, to say nothing of the wearing
courses and shoulder dressing, it can be seen that tremendous quantities of
aggregate material will be required for this undertaking. Average rock
quantities for base course construction will be about 31,000 cubic yards per
mile.

Because of the vast quantities of material required for the Interstates,
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as well as an accelerated intrastate road construction program, it was
realized that for West Virginia the only logical approach to the problem

of obtaining aggregate material was to conduct a statewide inventory. In
order to locate and record new sources of material, to keep the locations
within economic hauling distances, and to coordinate and disseminate the
information obtained it would be necessary to have an organized approach to
the problem. As a result of this thinking the Highway Aggregate Research
Project was formed as a joint venture between the State Road Commission and
West Virginia University with the support of the U. 8. Bureau of Public
Roads. 1Its purpose is to conduct an aggregate survey or inventory of West
Virginia. 1In the interest of economy, an attempt has been made to limit the
maximum haulage distance between aggregate sources to a five-mile radius for
the entire state. Wherever possible this distance has been reduced to a
radius of two miles in the vicinity of the proposed Interstate Highways.

Prior to the work done by personnel of the Highway Aggregate Research
Project, searches for Highway aggregate materials were conducted only as the
immediate situation required. You can well imagine the confusion and dupli-
cation of effort arising from spasmodic surveys at widespread locations by
persons of varied backgrounds. Thus, only limited areas were surveyed and
no over-all picture of aggregate resources was available.

Highway contractors are usually required to locate their own materials
and to submit them for testing and acceptance by the State Road Commission.
This additional cost of exploration for aggregate materials is passed on to
the State in the form of higher construction costs. The Highway Aggregate
Research Project was established to economize on this factor by enabling the
State and its contractors to proceed by having information on aggregate
sources avallable beforehand. Prior knowledge of locations of suitable ma-

terial is an important factor in planning future highways. 1In West Virginia

SRS T IR VN
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this inventory will be available for use on the Interstate System as well
as primary and secondary routes throughout the State.

To accomplish its purpose, the Project is utilizing all material and
information available., A knowledge of local geology and other related sub-
jects is a prime requisite to any material survey. Therefore, studies of
geology, aerial photography, soil maps, highway and topographic maps, and
consulting engineer's reports are made. Field trips provide on-the-spot
study and the opportunity to collect rock samples for testing, to determine
suitable locations for quarry sites, and to substantiate assumptions made
from literature surveys.

Having no precedent within the State upon which to base its findings
it was necessary for the Project to design its own maps, data sheets and all
of its methods of approach. Fortunately, there was available statewide
geological coverage in the form of areal geolbgy maps and written reports
published by the West Virginia Geological Survey and also a complete set of
county highway maps. This material has been used as a foundation and a
starting point for the Project's work.

From this basic material the Project has prepared a surface-geology type
map on a scale of one inch equals one mile. As the name implies this type
of map shows surface features such as roads, towns, rivers, etc., superimposed
on the areal geology. Areal geology, by definition, outlines the formations
at or near the surface of the earth which would be exposed if all soil cbver
and vegetation were removed. For the sake of clarity some cultural details
are omitted so that geologic detail would stand out. Aggregate material
information is then added to complete the map.

The data sheets, like the maps, were designed by the Project for maxi-

mun use. A data sheet is filled out for each sample location. These sheets
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furnish such information on aggregates as location, ownership, utilization,

deadhaul, probable quantities of aggregate and overburden, working condi- 2
tions, available facilities, geologic information, and test data. They also _
record the identification number of the USDA aerial photograph and the name

of the USGS topographic quadrangle covering the area. In addition, a por-

tion of the sheet is available for a sketch to show the probable outcrop

pattern in the area of the sample location. This is derived from aerial

photographs by means of a stereocomparagraph.

Data sheet information is compiled from personal observation, a stereo-
scopic study of aerial photographs, available reference material, and physical
sampling and testing. Testing is conducted at the State Road Commission
Materials and Tests Branch. Personal Observations are made on field trips
into the subject region and samples collected at that time. Each source is
assigned a code number consisting of three parts. The numbers represent
county, map sheet, and consecutive sample numbers in that order. Each
potential site is located by distances from road intersections and by lati-
tude and longitude to the nearest quarter minute. The site is located on
the materials map and pinpointed on the proper aerial photo. The rock is
identified and its geological age and formation name recorded. This
geologic classification is based on or obtained from the West Virginia
Geological Survey files and reports. The available quantities of aggregate
and overburden are visually measured and estimated on actual exposure. Area
coverage can be further estimated by inspecting the outcrop sketch traced
from the aerial photo.

In addition to the maps and data sheets a written report explains and
elaborates on the information collected. Its aim is to answer such ques-

tions as: Is aggregate available? What is it? 1Is it acceptable? Where
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is it located? How can it be recognized? How can it best be removed? -How >
much is available? How far is it from the job site? What are the limiting

features for a quarry? Are there any commercial aggregate producers in the

area or abandoned quarries that would lower the cost of production?

Aerial photographs are used by the Project to facilitate locating
aggregate material. Photos are studied stereoptically prior to field trips
in order to locate outcrops, quarries, and note other features of an area.
The outcrops are checked in the field and all sample locations are plotted
on the photos. Then the stereocomparagraph is used to outline the rock
strata and show areal distribution. However, this method is only accep-
table in areas of relatively flat-lying strata.

The major source of aggregate material in West Virginia will be rock
suitable for crushing, since the entire state l1ies south of the limit of
Pleistocene glaciation. With the exception of a few glacial outwash deposits
along the Ohio River and belts of alluvium in some stream valleys, there
are no natural sand and gravel deposits of commercial consequence. Stream
gravels will not be studied until later as it is felt that after all samples
have been tested the Project will be in a better position to select streams
that flow in territory having acceptable aggregate material. In that way
only streams having a high potential of aggregate will be studied. Areas
that are scarce in rock material will also be known and emphasis can be
placed upon the search for gravel deposits in these areas.

In beginning its study, the Project divided the State into three parts.
Basis for this division was knowledge of geological formations most likely
to yield aggregate material. This was done with only a very general knowl- -
edge of the geology of the State, but it helped to determine where the
greatest efforts of the Project would be required to locate suitable aggre-

gate material. It was determined that along the eastern edge of the State
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acceptable aggregate material would be available in quantity. This region ;
lies east of the Allegheny Front in the Ridge and Valley physiographic prov-~
ince. In the northern part of the State aggregate material would be avail-
able in scattered localities. The rest of the State, by far containing.the
largest area, contains aggregate, but it will require concentrated efforts
to locate it. These last two areas are within the Appalachian Plateau phys~
iographic province. As the name implies, this region is a well-dissected
plateau whose rock formations are mainly flat-lying interbedded shales and
sandstones and contain the coal horizons which are of great economic im-
portance to the State.

In practically every phase of a material survey there is some applica-
tion of geology. It is a well-known fact that an essential prerequisite
for any material survey is a knowledge of the local geology. Rocks exposed
within the State of West Virginia range in age from basal Permian down
through Cambrian plus a few isolated areas of Pre-Cambrian volcanics. The
bulk of the State contains Carboniferous sediments deposited in the Appala-
chian geosyncline whose axis is located in the western part of the State —
and roughly parallels the Ohio River Valley.

The age of the various rock formations exposed in West Virginia and
their utilization for highway aggregate material can be broadly classified
somewhat as follows. The limestones, sandstones and even shales of the
periods from the Lower Devonian and below are hard and slightly metamorphosed
and are found to be acceptable as aggregate material unless greatly weathered.
The Middle and Upper Devonian formations consisting chiefly of sandstones,
sandy shales, and chert are not generally suitable as an aggregate source
except locally, where a few sandstone beds yield acceptable material. The
basal Mississippian consists of sandstones, shales, and conglomerates with

the sandstones being acceptable in some localities. The Mid-Mississippian
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age contains the Greenbrier limestone which is unquestionably and consistently
satisfactory for use in highway construction. It is one of the most commer-
cially exploited rock formations used for construction purposes within the

State. Upper Mississippian formations are mainly sandstoncs, shales, and

conglomerates and acceptable aggregate material may be found in some localities.

The Pottsville formations, representing the Lower Pennsylvanian, contains
sandstone, conglomerate and coal and generally the sandstone is acceptable.
It has been found that Allegheny formations in the south central part of
West Virginia consisting chiefly of coarse sandstone and coal are not accept-
able for aggregate. Conemaugh strata consists of many channel deposits of
shale, sandstone, thin limestone and thin coal deposits and consequently are
quite variable as to content and location. The Monongahela system is
generally good in the northwestern part of the State and contains several
limestones in quantities that are sufficient for local requirements of high-
way construction. Elsewhere it consists chiefly of shale and coal. The
uppermost system exposed in West Virginia is the Permian consisting of sand-
stone, shale a few-thin limestones and thin coal formations. Wherever
weathering has not taken place formations of this period yield quite accept-
able aggregate material.

Since sandstones and shales of the Permian, Pennsylvanian and
Misgissippian periods cover almost three-fourths of West Virginia it would
be well to consider the adaptability of these sandstones for highway con-
struction. Because of the variable nature of sandstone its use as a highway
construction material has been limited. Consequently, other aggregates have
been imported into a region even when shipping costs have exceeded the
initial cost of the same aggregate at its source. However, through investi-

gation, it has been found that even though sandstones possess widely varying

g
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properties they are still usable for highway construction. When a suitable

sandstone has been found at a potential quarry site its apparent abundance i

must be investigated. Because of variations in thickness or "pinch-out" -

there is no assurance of high quality sandstone for any great distance,

either horizontally or vertically. Among the Pennsylvanian sandstones in

West Virginia lateral "pinching-out" and vertical changes in lithology are

the rule rather than the exception. In spite of these shortcomings, the

Project has thus far been able to locate acceptable material within its five=-

mile radius haulage goal.
The Highway Aggregate Research Project in West Virginia now has under

study a field check that will rapidly predict Los Angeles Abrasion Test

results. Briefly, this test is a measurement of a rock's ability to absorb

a liquid, in this case alcohol. It has been determined that there is a

direct relationship between the alcohol absorption capacity of a sandstone

and per cent wear by the Los Angeles Abrasion Test. This modified porosity

test is now performed with &5% accuracy on non~-siliceous sandstones.

Further studies are being conducted in expectation of increasing the ac~-

curacy of the test and to adapt it to field use. -
The Project is also preparing graphs showing the Los Angeles Abrasion

Test results for each sample of any one geological formations. Those

samples having an L. A. of 65% and higher are colored red while those below

657 are colored green. In West Virginia an L. A. of 65% is the dividing

line of acceptability for base course material. Therefore, with these

graphs one can visually estimate the percentage of acceptability of any

geological formation. The acceptable samples of one formation are also

plotted on an outline map of the State. This will indicate geographical

distribution of an acceptable formation and this information can be used

for later geological and highway construction studies.
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Many studies can be made from information gethered in the course of
conducting a meterial survey. Both practical and academic problems exist
that can be assisted in their solution by such data. Take for example,
landslides; a problem that exists in West Virginia and other mountainous
states. In a short time anyone associated with a material survey recognizes
rock types and structures that, under certain conditions, favor landslides.
Think of the potential value such information would have on planning and
routing of future highways. A material survey can provide a basis for
study of testing of highway materials, soil types, bearing loads, frost
action, and probably many other problems., Gathering and disseminating
information relative to sources of aggregate materials should become a

regular function of all highway organization.
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GEOLOGY IN FOUNDATION ENGINEERING
By G. A. Fletcher
Raymond Concrete Pile Company

Geology is an old and recognized science. Leonardo DaVinci, that
brilliant and versatile genius of the 15th Century is considered, by some,
to be its founder. Today, the mining and petroleum industries, probably
more than any other groups, have teamed up with the geologist and made
full use of that science in exploration and development work.

In civil engineering, the recognition of the part which geology can
and should play has been too long delayed. While it is true that in civil
engineering collaboration with the geologist is accepted practice for large
and important projects, such as dams, tunnels and other engineering works
of great magnitude, the engineeri&g profession has been lax in calling
upon the geologist for the important information he can provide in connection
with run of the mill mundane projects.

The development of the engineering geologist is a much needed and
welcome effort to bridge the gap between geology and engineering. No
doubt the time will come when every engineering organization, specializing
in foundations will include on its staff an engineering geologist.

The relatively recent growth of soil mechanics, while of inestimable
value in the solution of foundation problems is not calculated to supply
or interpret the geological data which the foundation engineer should analyze
in connection with virtually every project which comes before him. Never-
theless, engineers who have been trained in the science of soil mechanics,
are fully aware of the importarce of reviewing the geology associated with
any project. In nearly every case where engineering reports on foundation

design are prepared by speciallsts in soil mechanics, a section of that report

will be devoted to the geological environment of the project.
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Test borings, essential as they are, to the intelligent design of founda-
tions, should always be reviewed and studied in the light of the geological
environment in which a project is situated. Fallure to follow this basic
principle has resulted in many unforseen foundation problems. On the other
hand, where the geological data have been carefully reviewed in advance, the
opportunity to simplify foundation design or to achieve economies in deaign
have been realized.

It 18 my purpose to review a limited number of both such cases.

The city of Milwaukee, Wisconsin, situated on the west shore of Lake
Michigan is underlain by two general types of soils. The eastern portion of
the city, closest to the lake, is located on a clayey silt bluff which in
olden times sloped steeply to the west to meet the alluvial deposits formed
at the confluence of three rivers, The downtown section of the city is lo-
cated on the £i1l which was brought down from the bluff and spread over the
organic silt which was formed over the alluvial deposits. As a result, the
principle structures have been supported on piles and our company have been
making borings and driving foundation piling in Milwaukee for over £ifty
years. A few years ago, an addition to the City Hall was planned and borings
were made. Careful attention was given to the location of the borings since
the original City Hall lying just west of the addition was on piles. The
borings did, in fact, show that organic silt and £ill extended somewhat into
the western area of the new addition and on the balance of the site. Although
no organic silt was encountered, the general density of the clayey silt de-
posite in the first 40 feet of depths indicated the need of a pile foundation.

In endeavoring to drive the cast-in-place concrete piles, it was dis-
covered at’ the very beginning that the soil surrounding the piles heaved an

amount exceeding the volume of the driven pile, but even more important, the
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resistance to which the piles were driven, was largely dissipated and redriving

the piles only made matters worse. It became apparent that an entirely new

approach to the installation of the piles on this site must be developed. The
solution to the problem was to pre-excavate by wet rotary methods through the
upper 40 feet so that the upper layer was not disturbed by pile driving and to
drive longer piles to obtain their resistance in the more granular material
below the 40 foot layer of clayey silt.

A review of the geology of the site provided the explanation for the
difficulties, First, the bluff had been cut down by close to 40 feet and the
goil removed had been used for fill in the lower parts of the city. Second,
the bluff had been subjected to glacial ice loading of from 6 to 9 tons per
square foot. As a result, the clayey silt formation had been highly surcharged
and over consolidated so that the water contents were as low as 11 éo 15% by
dry weight. When such a dense soil is disturbed, it cannot be further consoli-
dated, but must expand, thus changing from a dense to a materially softer state.

Had the geological environment of this site been studied, prior to the
design of the foundations, I have no doubt but that the problems and potential
difficulties would have been foreseen and time saved and costs reduced.

As another example, borings were made upon a site for an industrial pro-
ject near Childersburgh, Alabama. The borings revealed alluvial deposits
over the rock which were loose and unconsolidated for the most part. Some
stiff clays and dense granular deposits were also found and the borings also
disclosed that the surface of bedrock was most irregular. In endeavoring to
drive cast-in-place concrete piles under these conditions, many of the piles
were driven through the unconsolidated over-burden and great difficulty was
experienced in bringing them up on the rock surface because it was so steeply
sloped that the points of the piles tended to drive down the slope, thus bend-

ing the piles and the mandrels. It was as though bedrock had been covered with
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stalagmites and that we were endeavoring to drive piles on to the edges of
pilnnacles., Under conditions encountered on this site, there are no simple
or cheap solutions. Open end pipe piles driven to rock and cleaned out be-
fore concreting constitute a practical solution, but they are expensive and
where rock may contain cavities or pockets filled with soft materials, which
may be located below the points of the piles, it is not sound engineering to
design such piles for high loads. The same objection applies to installing
caissons to rock. Every caisson would become an experimental project since
it would be necessary to prove by diamond drilling that a sufficient thick-
ness of sound hard rock existed bel ow each caisson to carry the column loads
safely.

However, if the geology of the site had been investigated before the
foundati;ns were designed, it would have been discovered that this site was
located on a zone of badly fractured rock which extends from Alabama, north-
east into Virginia. The rock surface is broken into a saw-tooth type surface
with V-ghaped troughs and tall pinnacles. The bedding of the rock results
in slopes of from 45° up to 90°. Frequently, the softest material will be
found in the troughs or cavities. The rock formation consists primarily of
limestone and dolomite.

When it is know in advance that a rock formation of this nature exists,
the difficulties of driving piles can be foreseen and the work can be planned,
taking into account that some piles will be so bent as to be useless result-
ing in driving additional piles and requiring redesign of the pile caps.
While these expenses will result in relatively high costs, the overall ex-
pense will be far less than going ahead blindly and spending time and money
in experimentation. For that is doing the job the hard way.

Where the foundation engineer does call on geology for its valuable

assistance, economies. and simplification, as well as the avoidance of con-

#
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struction problems have resulted. For example:

An engineering organization in New York responsible for the design of
foundations for a considerable number of widely scattered projects, discovered
from a series of soil investigation that a large portion of New York City,
more specifically, the eastern part of Manhattan, had a surprisingly uniform
overburden., Reference to the geology of the area disclosed that the eastern
half of Manhattan Island, for a great part of its length, from the Battery
to the Harlem River, had been the bottom of an ancient glacial lake. The
soils of the lake were composed of varved silts and clays which in more recent
times, had been covered in most areas by relatively loose sand; in other
areas, by peat and organic silt. Man-made fi1ll has brought the ground sur-
face to its present general contours. From extensive laboratory tests on
undisturbed samples, it was determined that the varved clays and silts of the
glacial lake deposits had been preconsolidated to loads of from 6 to 10 tons
per square foot in addition to the existing over-burden pressures. From this
it was concluded that the lake bottom must have been ice loaded at some time
in the past. The significance of this research was to open up the possibility
of much more economical foundations for buildings up to 12 to 15 stories in
height. Previous practice had been to drive long piles through the varved
silts and sands to the hardpan overlying rock. The alternate foundations
made practical by the foregoing study include short friction piles driven into
loose sands of relatively recent depositions or to empioy spread footings
or mats,

Each proposed structure, however, requires a soil investigation since
tidal estuaries, deep ponds, and old streams have cut into the varved clays
and silts and deep beds of organic silt and peat exist from place to place.

At such locations, foundations on plles to hardpan or rock, are still required.

For my last illustration, I would like to describe a project where we
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turned to geology for counsel and advice in planning the work only to discover
that the deductions of the geologists were wide of the mark.

In 1954, it became necessary to carry out a gsoil investigation out in
the Atlantic Ocean more than 100 miles east of Cape Cod. The purpose of the
investigation was to determine the soil conditions on George's Bank, one of
the fishing banks off the New England Coast. At that time, the construction
of the George's Bank Air Station was being studied by the engineers for feasi-
bility and foundation design. This was the first Texas Tower planned by the
Air Force.

The drilling project was a joint venture composed of the Raymond Concrete
Pile Company and the DeLong Corporation and we sought the advice of geologlstsa
associated with the Woods Hole Oceanographic Institution who know more about
the area than anyone else. Based on the fact that the location and the con-
tours of George's Bank as well as other fishing banks have been shown on
mariner's charts for many, many years with no appreciable changes in spite
of the hurricanes and resulting high waves in the area, the geologists deduced
that the soil must be extremely dense and probably a glacial till, composed
of clay, gravel and boulders. Only so dense a formation, they felt, could
withstand the action of the sea. This information was vital to us as we had
to complete the project successfully prior to August 10th of that year which
is the beginning of the hurricane season. We had to plan our drilling equip-
ment and our drilling techniques to meet the worst conditions which might be
anticipated.

Fortunately, for all concerned, we encountered dense sand to depths of
70 feet, then a layer of medium stiff clay about 12 feet thick, and then
underneath the clay the dense sand occurred again. Such a formation, of course,

can be drilled successfully and rapidly. Also, it permitted an economical

3
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design of the foundation of the permanent caissons for the Texas Tower

RETE

since the caissons could be dredged down the necessary distance in the sand
and then filled with concrete. It may be of interest to know that we finished
the drilling program on August 8th, but that the following year, when we were
erecting the tuwer on George's Bank, Hurricane Connie came up the coast exact-
ly on August 10, 1955.

It has been my purpose in this brief paper to emphasize the responsi-
bility which rests with the foundation engineer to consult with geologists
and study the geology of the area in which a project i1s located. Every
one stands to gain by making such consultation a matter of accepted practice,
including the geologist, the consulting engineer, the construction industry,

and the owner.
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APPLIED
GEOMORPHOLOGY
Donald J. Belcher
Consulting Engineer

This word when broken down into its roots means '"an earth form discourse'.
The science of geomorphology as it is conventionally used is a study of the
configuration of the earth. Geomorphology as a classical subject is far too
general for the specific requirements of engineering; hence, the term "applied
geomorphology'. The broad and general nature of geomorphology is best illus=~
trated by the categories of geomorphic units or landforms that it recognizes.

Von Engeléliists first order geomorphic units as consisting of conti-
nents and oceans; his second order includes plains and plateaus, the third
and final order of landforms are classified as valleys, ridges, and cliffs,

Valleys, ridges and cliffs are far too general for a highway engineer,
hydrologist, or a contractor engaged in the construction of a public structure.
Since a long section of highway can be constructed within one valley, one can
recognize that a considerable amount of subdivision or refinement must be added
before geomorphology can be considered useful to the field of engineering. It
is necessary to work with smaller units or landforms that have some practical
relationship to the design and construction of an engineering project. Such a
unit must have a definite bearing on the design or ultimate performance of a
road. It should represent a set of conditions that are closely associated with
a specific landform and those conditions should differ materially from conditions
that are associated with some dissimilar landform. The conditions are basically

related to topography, soil texture, the depth of soil overlying bedrock,

(1) 0. D. von Engeln, Geomorphology
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moisture conditions and ground-water movement, the type of rock that may exist
beneath the surface and any special problems particularly assoclated with land-
forms, such as landslides or solution cavities.

To accomplish this refinement of geomorphology, it is possible to add a
fourth category of landforms and these are recognized by many geologists as
well-defined units. A listing of these would number approximately 36 and will
include such familiar forms as sand dunes, beachlines, clay shales, alluvial
fans, eskers, and others like these that are representative of landforms found
in various parts of this and other countries.

In applying geomorphology to highway engineering we find that each of
these units has a special significance in design and construction because it
embraces a more or less unique set of conditions. Each landform is a package
and each package includes well-defined limits of topographic characteristics,

a typical range of soll texture and often, some degree of sorting. The ground
water will probably fluctuate between predictable limits throughout the year
and the soil moisture conditions will reach average values during various seasons.

We can rely with a high degree of assurance on the fact that these condi-
tions recur in similar landforms regardless of their geographic location. Con-
sequently, 1f certain cut slope designs are satisfactory in flat lying, inter-
bedded shale and sandstone formations in one place, they will be found satisfactory
elsewhere provided that we make sure that we are dealing with a similar landform.
It is for this fundamental reason that one looks for sand or gravel in beachlines;
that we expect seepage in highway cuts in a glacial moraine; that we design
vertical cuts in loessial soil areas; and that outwash plains provide stable
foundations as well as serve as a source of granular material. So we propose
that landforms of this order of magnitude be considered as fourth order land-

(2)
forms to be added to the classification list.

(2) See attached list.
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These characterisitc conditions of landforms have been understood and ap-
preciated for a number of years, but they do not yet embrace the full ﬁotential
of applied geomorphology because experience has shown that there still remainsg 4
predictable details that are of importance to a c¢ivil engineer and to a contrac-
tor. These details represent minor variations within the fourth order 1andforms
just reviewed.
These minor variations are the fifth order forms of the configuration of
the earth's surface. They are really micro-forms or micro-features and they
are so small that they do not appear or are not accurately portrayed on a topo-
graphic map. This is one reason that the earlier geomorphologists failed to
see them. Only since the advent of aerial photography has there been an oppor-
tunity to observe :them and relate them to their origin and to evaluate their
significance.
Rather than become involved in an involved subject, it may be best to *

explain the genesis of micro-features. Usually, they represent some flaw or

weakness inherent in the origin of a deposit or a bedrock that is more suscep=-
tible to attack by weathering.

In its early stage of development it is a scar or a slight depression that
was originally considered as micro-relief, but as weathering proceeds, this
micro-feature develops more soil than nearby ground, it has a higher clay content,
it holds more than average moisture, plants usually grow more lushly and as a
result, this small area has a higher organic content in the gsoil. All of this
may photograph as a small dark area of distinct outline in humid areas or per-
haps as a white spot in arid areas.

These fifth order forms fall into this geological Bertillon system like
nature's finger prints that help to identify various soils and rocks. Is this

carrying applied geomorphology too far? 1Isg it a matter of learning more and 2y

b
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more about less and less? Obviously not, because we can now reach a level at
which applied geomorphology can help an engineer.

Today more than ever, construction materials are critical materials. Se-
lected borrow having various characteristics, as well ss granular materials of
the gravel and sand classification, are more urgently needed now than ever be-
fore. The demand is for larger quantities of materials per mile or road, and
yet these materials are more difficult to obtain because in the past we have
exhausted the most obvious deposits and now must look farther away or deeper in
the ground for the necessary quality and quantity demanded. There is a need for
special combinations of materials which in larger quantities can be substituted
for smaller amounts of preferred materials. So in each region of the United
States major emphasis is being placed on the location of new sources of these
materials. We believe that applied geomorphology is the primary step in these
surveys.

The materials situation in some areas of California is so critical that we
were retained by the California Department of Public Works to search an area of
approximately 5,000 square miles in the San Joaquin Valley. Not only was this
for the purpose of locating materials, but it indirectly located the 200 mile
West Side Freeway because this work preceded the actual location of the highway.
The final location was based upon the gshifting of the line that was established
by the quantities of materials discovered in various places and ton-milés of
haul that would be required to provide the fill.

In the same category of work we may come closer to home by citing work in
South Carolina. A large part of South Carolina is included in the coastal plains
which falls into von Engelns' second order of landforms of the classical geo-

morphologist. Within this broad classification, we find third and fourth order
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landforms as well. The fourth order landforms include upper and lower coastal
plains, terraces, beachlines, tidal flats and a variety of swamps, etc.

Although these fourth order landforms are useful in planning and other
general engineering considerations, we still need to proceed teo the fifth order
before we can discover buried deposits of sand-clay or the more grapular mat-
erials. We were engaged by the Department of Highways to locate sand-clay de-
posits that would be available for use on a by-pass around Sumpter. Combining
a very careful analysis of the aerial photographs provided by the Department
and some preliminary ground inspection to clarify the meaning of some of the
micro-forms noted on the photographs, we were able to lay out a drilling pro-
gram that was conducted by the Highway Department forces and the samples tested
in the Highway Department Laboratories. The results of this exploration pro-~
vided satisfactory sand~clay sources meeting a very rigid gradation and cohesion
specification set forth by the Department. The discovery of these buried de~
posits was based upon common-sense geomorphology assisted by the indications of
these materials that can be found in the &erial photographs.

Using the same techniques that can be partially illustrated in the next
slide, we are now conducting a survey of approximately 9,000 square miles in
one of the coastal plain States for the purpose of locating deposits of accep-
table granular materials.

Applying geomorphology to a somewhat different problem our staff has
assigted in the location of various highways throughout the country. To
briefly illustrate the various applications, consider first the proposed
northern extension of the Massachusetts Turnpike. This was a survey of 70
miles of proposed right-of-way to achieve the most economical location of the
road as it passed through very complex country. In making these studies, the
refinements of geomorphology were applied in order that the construction would

encounter a minimum of bedrock. This was done on the basis of determining the

™
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depth of glacial drift covering rock and the presence of boulders. It also
concerned the determination of depths of swamps so that a swamp area could be
utilized provided that the bottom material was gravel and that the organic
material was not excessively deep. Drainage was also a significant considera-
tion and in many types of terrain, there is no better way of locating the
lines of water movement, both surface and subsurface, than by applying prac-
tical geomorphology through the use of aerial photographs.

In the location of a new road in Virginia, paralleling U.S. No. 1 south
of Washington, geomorphology was applied in the same manner to the complex
conditions of the area. In the Massachusetts Turnpike work it was a matter
of working in an area where glacial drift was covering igneous and metamorphic
bedrock. 1In Virginia the road traverses an area where the coastal plain mat-
erials ranging from clay to gravel cover the underlying bedrock in varying
degrees. In this area stratification of the coastal plain materials crEEEes
a situation in which seepage occurs almost exclusively on the east side of
the hills. Found in conjunction with unstable materials, this seepage induces
landslides in highway cuts that over~-steepen the east facing slopes of these
hills. In this rough terrain that has a heavy brush and forest cover, applied
geomorphology was used to guide the inspection, by photo analysis, of every
hill within range of the project. By so doing, it was possible to recommend
one specific alignment out of many possibilities so that the road would avoid
unexpected rock excavation, largely eliminate seepage and by-pass local areas
that showed a tendency toward sliding and slumping. Areas of gravel were map-
ped directly and on individual hillsides the outcrops of various strata were
identified and described.

If we direct attention to another landform area we find that in Pennsyl~-

vania, applied geomorphology has made an interesting contribution to the loca-
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tion and design of a portion of the interstate system. This project 18 in an
area of flat lying sedimentary rock consisting principally of six to eight dif-
ferent shales grading from clay to sand and some sandstone with coal measures
included. The objectives here were not only the conventional ones that include
seepage zones, slope design data, landslide appraisal and construction mater-
ials, but it also included the item of secrecy. The requirement placed upon
this work was that no ground work was to be performed in the interest of avoid-
ing land speculation. Although this procedure is not practical in every area
as it was in Pennsylvania, the results of this work have been eminently sat-
isfactory and it is of special interest to see the preliminary design carried
through based upon this '"remote" means of photogrammetry and the determination
of ground conditions.

In closing, it must be emphasized that Vork of this nature is performed

by the use of applied geomorphology made practical through the medium of exper=

lenced analysis of aerial photographs and carried through to the ultimate drill-
ing and testing by carefully planned preliminary field inspection of the fifth

order of geomorphic units or micro-features that have been described.
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LANDFORMS :

Sedimentary Rocks

Sandstone

Shale

Limestone

Limestone (tropical-karst)
Coral

Interbedded Sedimentary Rocks
(flat-lying)

Interbedded Sedimentary Rocks

(tilted)

Igneous Rocks

Intrusive Rocks
(Granite and Related Rocks)
Extrusive Rocks
ol Basaltic Lava
Fragmental and Related Interbedded Flows

Miscellaneous Features

Metamorphic Rocks

Gneiss
Schist
Slate

Serpentine



Waterlaid Materials

Flood Plains
Terraces

Filled Valley
Continental Alluvium
Alluvial Fans

Deltas

Lake Beds

Beach Ridges

Coastal Plains

Tidal Flats

Marshes and Swamps

Glacial Materials

STRATIFIED
Eskers
Kames
Outwash Plains
Terraces
Lake Beds
UNSTRATIFIED
Till Plains
Moraines
Drumlins
COMPLEX

Complex Glacial Deposits

5



Windlaid Materials

Sand Dunes

Loess
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