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FOREWORD

Perhaps no other State presents the number and variety of examples
of geologic problems encountered in highway construction as does West
Virginia,

Our great geologic column, embracing some 30,000 feet of exposed
rocks consisting essentially of indurated shales, sandstones, limestones
and clays, is crossed by many State and Federal highways. These, together
with extensive unconsolidated stream deposits in all our river valleys, and

our unusually rugged topography, offer many examples of construction and de-
sign problems for visiting geologists and engineers from the other states.

It was, of course, a great disappointment to me, a member of the
National Steering Committee for the Highway Geology Symposium and Chairman
ex-officio of the local committee not to be able to attend, because of a
temporary incapacity. I was indeed pleased, however, to be informed by many
of those in attendance, that it was one of our best Highway Geology Symposium
meetings.

The sponsoring agencies, in addition to the State Geological Survey
were the State Road Commission of West Virginia, and the West Virginia
University Department of Geology and the College of Engineering. The program
committee was composed of Dr. Robert B. Erwin of the Geological Survey, as
Chairman, Mr. Berke L. Thompson of the State Road Commission, Dr. Arthur E.
Burford of the Department of Geology and Dean Chester A. Arents of the
College of Engineering.

Special thanks are due to members of this committee, who devoted
long hours in arranging for the many fine papers and field trips following
the regular program.

I want, especially, to thank my long time friend and colleague Norman
F. Williams, State Geologist of Arkansas for his delightful contribution to
the meeting as the Banquet Speaker., The fine social hour, under the direc-
tion of Ernie McKay, Manager and Owner of the Kingwood Inn, was made possible
by liberal contributions from the Engineering, Construction and Supply
firms who have varied interests in highway construction in West Virginia,

A great deal of the work and worry, usually connected with ameeting
such as this, was handled by the Conference Office of the University under
the supervision of Mr. Robert B. Conner and Mr. Samuel A. Agnew, III. Also,
our thanks are due to Mr. Harold J. Shamburger, representing the University
administration, and Mr. Joseph S. Jones, representing the State Road
Commission, for welcoming the group to our State and Campus,

Special thanks to Mr. A. Carter Dodson, Chairman of the National
Steering Committee of the Highway Geology Symposium, for presiding at one

of the technical sessions and for keeping the Symposium going year after
year,

Paul H, Price, Director
and State Geologist
Chairman Ex-Officio
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HIGHWAY GEOLOGY SYMPOSIUM

Box 879
Morgantown, West Virginia 26505

EDITOR'S PREFACE

The 19th Annual Highway Geology Symposium was held in
the Towers at West Virginia University on May 16 and 17, 1968,
The technical session was planned to bring out general problems
of road building in mountainous areas, whereas the field trip
was concerned more specifically with construction problems in
areas of incompetent bed rock, unconsolidated deep glacial lake
fill, and mined and unmined coal seams lying above, below, and
at or near road grade.

The first day of the meeting consisted of two technical
sessions, each broken midway by an extended coffee break and
equipment demonstration. A total of nine papers were given and
all are represented here in the order in which they were present-
ed. 1In some instances, it was necessary to leave out certain
illustrations used in the oral presentation because of technical

difficulties.

At the Thursday evening banquet Mr, Norman F. Williams,
State Geologist of Arkansas, spoke on "The Ecology of the Eocene
Frigate Bird | " His remarks were extended also to include some
interesting insight into the ecology of a few modern rare birds.

As Program Chairman and Editor I want to express my thanks
to all who made the meeting such a success, Mr, Berke L. Thompson
of the State Road Commission of West Virginia and Dr. Arthur E.
Burford of West Virginia University who served with me on the
Program Committee, and especially to the authors for their contri=-
butions to the program.

Robert B. Erwin, Editor
Assistant State Geologist
West Virginia Geological Survey
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GEOLOGY OF WEST VIRGINIA WITH SPECIAL REFERENCE TO THE SYMPOSIUM FIELD TRIP AREA
Alan C. Donaldson
Associate Professor of Geology
; Department of Geology and Geography
! West Virginia University
i Morgantown,West Virginia

ABSTRACT

West Virginia is a ''show case' of Appalachian geology for earth scientists.
A trip from the -Ohio River eastward to historic Harpers Ferry traverses the
following three physiographic provinces respectively: Plateau, Valley and
Ridge, and Blue Ridge. The Paleozoic sedimentary rocks are increasingly de-
formed toward the east. Morgantown is located in the Plateau province and the
geology ofvthis-area is characterized by gentle folds, neariy vertical joint
sets, and a predominance of shales and sandstones.

The rocks of the Morgantown area were deposited as sediments during the
Pennsylvanian Period, approximately 325 million years ago. A shallow inland sea
inundated the central interior of the United States. Rivers flowed northward
and westward across West Virginia building deltas along cocastal plains, The
variety of rocks viewed ih the Morgantown and Fairmont areas (Field Trip) reflect
the different depositional environments. Sandstones mark the position and trend
of ancient rivers; the red shales and thin siltstone layers represent former
flood plains and natural levees; the gray to black shales and coal-bearing
plant materials formed in poorly drained marshes and swamps; the limestones
lacking fossils except for ostracods, worm burrows, and occasional snails
developed in fresh-water lakes and brackish bays; and the shales and limestones
containing marine fossils were deposited as sediments synchronously over a wide

regional area as is occurring in the Mississippi delta along the Gulf of
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Mexico today. The occurrence of different rock types stacked vertically, one
above the other, suggests that these same depositional enviromments shifted
laterally with time.

The sediments were transférmed into rocks when they were buried by addi-
tional sediments -and subsequently uplifted and slightly flexed during mountain
building about 300 to 200 million years ago. Streams flowing across the
‘ancestral Appalachian Mountains carved out our present hilly landscape. 1In relative-
ly recent times, less than 1 million years ago, glaciers blocked the northward flow
of the Monongahela River near Beaver Falls, Pennsylvania, causing a natural lake to
develop. Varved clays ‘and sands accumulated in this lake. Removal of the ice dam
and diversion of the Monongahela River into the present Ohio River resulted in

deepening the river valley. River terraces and a small, discontinuous flood plain

are relatively modern additions to the area by the Monongahela River.




GEOLOGIC AND ENGINEERING IMPLICATIONS OF POOR QUALITY SANDSTONES “
FROM SIMULATED HIGHWAY TESTS

R. R. Haynes and D. T. Worrell
Department of Theoretical and Applied Mechanics
College of Engineering
West Virginia University
This paper will summarize briefly a ten year study of sandstone by the
Engineering Experiment Station of West Virginia University for the State Road
Commission and with the cooperation of the Bureay of Public Roads. The work
was begun because of a lack of satisfaction by the Commission with the Los
Angeles Abrasion Test as a means of accepting or rejecting a given stone for
base course construction. Highways had been constructed with sandstone which
had not passed the ILos Angeles Test, yet had given good performance over the
years, And, other highways, constructed with sandstone passing the test, had
given poor performance.
Compressive -and shear strength tests made early in the project on solid
|
stone gave values of several thousand_pounds per square inch, with little ﬁ
spread between good and poor stone. Compressive tests on crushad stone con-
~ fined in cylinders also gave strength values many many times greater than il
those which would ever occur in a highway°
Concurrently with this early testing, graduate students in the depart-
ment of geology began to assist with location studies of state sandstones
-and with petrographic examination of many samples with a view toward their
suitability for highway use. Their examination of thin sections provided %
the project with considerable insight into the effect of content, grain size,
types of cement, grain contacts, porosity, etc. John Dean worked especially ﬁ

with argillaceous sandstones, James Luzier with calcareous and Robert

Yedlosky with all types, but particularly high silica. All worked under the
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supervision of Dr. M. T. Heald. They furnished beautiful micrographs of

typical stones showing: the wonderful uniformity (for a naturally occurring
material) of high silica stone; the more varied appearance of the calcareous,
particularly those with "floating' texture; and the most inhomogemeous appearance
of the argillaceous. The silica, hard and brittle, inclined to break into thin
chips and had low friction at surfaces making it difficult to compact. At the same
time, it usually weathered much less than other types. The calcareous, softer, was
‘more absorptive of impact, yet apt to leach out and lose cement in slightly acid
waters if the calcareous content was too low. The -argillaceous was frequently non-
uniform, often poorly cemented, soft, perhaps porous, and inclined to weather
rapidly. This kind of insight makes a knowledge of the type of cement in a stone
extremely valuable. The overall understanding of sandstones contributed by these
geologists was of great value to the project.

It was felt that a compressive test of crushed, graded stone was needed
wherein stress levels occurring in base courses would be -applied and produce
deformations comparable with those in highways. This brought up the thought of
the triaxial test, but its rubber membrané is most awkward with granular materials.
Metal cylindrical sectors were tried, held together with special springs which
provided about 10 psi lateral pressure on a cylindrically shaped sample even
though considerabie deflectién occurred. A static test using this partial con-
tainment gave ultimate stresses 2 to 3 times those of the regular triaxial test,
and 200 to 300 psi was common, still much higher than the stress in base courses.
Finally, the same container was used with a repeated load machine which more
closely approximated highway experiénce. Stresses of the order of 40 to 2000 psi,

with repeated application of load, gave increasingly more deformation. While

this machine was not practical for use as -an acceptance test, it did give valuable
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information about the importance of keeping moisture out of crushed stone if %
it is to resist repeated load successfully, etc. Extensive tests with this

machine compared stabilizing materials for crushed stone. They indicated that

bituminous stabilizers do not materially increase load carrying capacity; they

may even appear to 'lubricate" stone particles in an undesirable way. The

best of these appear to hold the particles together better, assist in elastic

rebound after load removal, and provide waterproofing, all quite important to

good base course functioning,

Lacking good information as to actual highway performance of base
courses under heavy traffic, the special machine shown in Fig. 1 was designed
and built to more nearly simulate this action. This Rolling Load Testing
Machine is a single wheeled, 40 load passes per minute, reciprocating load-
ing device which employs a single 10.00 x 20 liquid filled truck tire inflated
to 80 to 100 psi pressure. The wheel loads used in this testing ranged from
7100 to- 11,500 pounds although the machine is capable of applying 20,000
pounds to the specimen. Some other features of the machine include a roller
and a screw drive system for moving the specimen under the wheel in a very
slow lateral motion in order to reduce rutting of the surface. The motion
of the specimen was adjustable -and was programmed in the last phase of testing,

The highwa? specimens tested in this.investigation were quite massive
specimens, 4% x 5% x 3 feet deep, and weighed approximately ‘6 tons, The
base course, surface thickness; énd aggregate size were of the same géneral
dimensions as equivalent coursés found in actual highways. Many measure-
menfs were made during construction and ﬁesting° Those of interest here are

measurements made during testing which consisted of an automatic total of

load passes and intermittent surface and interface residual deflections.




Figure 1. Rolling Load Testing Machine

The surface deflections were measured by hand while the interface motions were
detected by linear variable differential transformers which were buried in the
cell as it was constructed. These devices were calibrated and read out through
a voltmeter. Many tests were performed after testing, some of which were over-

all deflection contours, moisture tests, and gradations. ' z
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A total of 106 highway specimens, divided into four phases, have been
tested. Phase I was directed toward determining the ﬁinimum thickness of
a 65 L. A, sandstone which would effectively spread an 11,500 pound wheel
load to the subgrade. 1In this phase it was found that 9 inches of this
material, combacted to its standard AASHO T-99 Method D density, would keep
subgrade motion negligibly small. Moreover, it was found that additional thick-
ness did not improve the performance of the specimen,

Phase II was an investigation into the performance of calcareous, agril-
laceous and high silica sandstone, each having L. A. values of approximately
67, 77, and 87 percent. These materials were used in a 9-inch base thickness
and were subjected to a load of 7100 pounds. Results of this-phase show that
the L. A. test did a reasonable job in rating caléareous and siliceous materials
as to their load carrying characteristics. The argillaceous material gave
poor perfo;mance regardless of its L. A, value. For a given L. A, value, the
calcareous sandstone tends”to-show the best performance although it is fre-
quently difficult to distinguish between it and the siliceous but both perform
much better_thah argillaceous material, as shown in Fig. 2.

Phase III testing was for the evaluation of various stabilizing agents
when employed with an 85 L. A. argillaceous sandstone. This material was
chosen because it usually requires stabilization and does occur in large quanti-
ties in areas where higher quality stone is not locally available. The
stabilizing agents were 85-100 pen hot mix asphalt, S§S-1 glow set emulsion,
portland cement and untreated limestone in place of treated sandstone. These
treated bases were tested in 4~ and 6-inch depths with the remainder of an 11-

inch base being untreated sandstone. Results show that portland cement yields

the most stable base in that we were not able to fail such a base with an
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11,500 pound wheel load. The remaining treating materials show. little improve-
ment over untreated bases when initial deflections are eliminated. It was diffi-
cult to get a complete cure of S88-1 emulsion. It is believed that the ability
of these materials to assist stone in resisting weathering is most important.
The weather resisting effects of the stabilizing agents employed were not"
investigated.,

‘Phase IV was an investigation of the effect of controlled gradation on
specimen performance. The base material used in this phase was a 65 L. A, argil-
-laceous sandstone and was subjected to a 9000 pound wheel load. Base gradation,
in these tests were all within State Road Gommission limits but were either fine,
coarse or step and gapped. Results of this phase show, in generai, that the
effects of gradation of a base course can be masked by moisﬁure and density
variations even though all three of these conditions are interrelated. This
result was unexpected to say the least since control of gradation (straight line
on the sieve size to the 0.45 power) had reduced data scatter in previous
phases.

A computer analysis was attempted on all of_thé»Rolling Load Machine
data in the form of a multiple linear regression analysis. Three r;gression
equations were realized from this work. They employed the slope of the deflec-
tion-log repetition curve as the dependent variable and test or construction
parameters as independent variablesn( The most evident ‘omission of this type,
especially in Phase II, where it has been shown that for any given L. A, range,
the different types of sandstone perform differently.\ Although some statistical
insight was gained from the computer analysis, tﬁé most concrete findings came

directly from analysis and study of test data in the form of gradation and per-

formance curves,
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Conclusions reached due to this testing include: ASSHO T-99 tests for
aggregate indicated excessively high moistures; the inability of the L. A. test to
determine or predict the performance of a base course; ﬁhe profound-effect of
stabilization on the load carrying capabilities of a sandstone.

In summary, we must admit we found no test better than the Los Angeles
Test. And, we did not run a series of tests with the Rolling Load Machine using
what we now consider the most important single variable, the moisture content of
the base course.

In general, we believe that most sandstones have the strength necessary to
resist traffic loads in a well-designed, well-constructed highway. We believe the
most critical characteristic of a sandstone for highway use is the ability of that
stone to resist weathering. But we made no tests and have no direct proof of this
statement,

We are proud of the performance of the two unique machines developed
in the project--the modified triaxial repeated load machine and the heavy duty

Rolling Load Machine. The latter has been purchased by the Civil Engineering

Department and will be used in future testing of highway materials.
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THE PROBLEM AND CORRECTION OF LANDSLIDES IN WEST VIRGINIA

Richard C. Leach, P.E.
Staff Engineer, Field Exploration Section
West Virginia State Road Commission
Charleston, West Virginia

INTRODUCTION

Landslides are a major problem in the West Virginia Highway Program, due
to the high susceptibility of the soil to sliding. The types of slides encounter-
ed vary throughout the range of the classifications. Therefore, emphasis must
be focused on the prevention aspects of the problem.

Probably the most wvaluable tool necessary for the prevention of land-
slides is the recognition of the problem. However, economics and time schedules
limit the scope of the boring and testing programs for a particular project.
Thus, it is necessary to recognize potential problem areas prior to and during
the Site investigation. One phase of problem recognition consists of correlat-
ing the proposed construction features with similar features that have precipi-
pated slides in the past. A prime example woula be the case of a side hill
f£ill situation. It has been found that side hill fills greater than approxi-
mately twenty (20) feet, placed on the natural overburden will result in an
embankment failure, regardless of the safety factor obtained in the stability
calculations. Although it is a simple matter to recognize this situation,
other conditions are more complex and require greater scrutiny to be
recognized as a potential problem.

Therefore, the purpose of this paper is to present the landslide problem

in West Virginia in terms of susceptibility, types of failures and general case




12
histories, which may be of assistance in the phase of problem-recognition, when

compared to problems in other areas.
LANDSLIDE SUSCEPTIBILITY

West Virginia is divided into three areas of Landslide Suéceptibility based
on highway occurrences. The three areas are rated as Minor Severity, Medium
Severity and Major Severity as shown in Figure 1. In respect to a nationwide com-
parison, West Virginia has been rated in the category of Major Severity with the
excebtion of the area of Minor Severity in Figure 1, which was rated nationally as

being of the severity classification of medium.
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THE GENERAL TYPES OF LANDSLIDES ENCOUNTERED IN WEST VIRGINIA
CATEGORIES

Soil Cut Slopes = The soil cut slope can be separated into four categories

of usage: (1) The normal cut slope from the roadway ditch; (2) The soil slope
at the top of a rock cut where the intersection of the original ground line is
made; (3) The transition slope from cut to fill at each end of a rock cut and

(4) The soil slopes required for channel relocations,

‘Soil Slopes From the Roadway Ditch - The common soil cut from the roadway

ditch presents a problem primarily in the area of ancient lake deposits. Here
the overburden depths are greater and the performance of the varved clays en~
countered are less predictable than the residual soils. A section of Interstate
Route-64, between Charleston, West Virginia and Huntington, West Virginia, passes
through deep deposits resulting from the ancient Teays Lake. Many slope
stability problems were encountered in the design and construction phases - in
this area.

Interstate Route-64 in the area under discussion has been open to
traffic for almost ten (10) years. The slopes in general are performing
satisfactorily. However, landslides have occurred at several locations along
the roadway. The majority of the slides were small pocket failures and were
corrected by stéte maintenance cfeWs. Presented here are two slides of the
several failures in soil cut slopes of major proportion ﬁhich have occurred

requiring analysis,

One of the major slides occurred in a 2:1 cut slope which affected a

high pressure gas line and approached a large two-story residence near the right
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of way limits, at the head of the slide. Lake deposits were discovered behind

as well as in front of the dwélling° Several methods of correction were in-
vestigated for this slide. The cost of each method for retaining the'movemeﬁt
was considerable, Therefore, in 1ieﬁ of retaining the movement a ditch line was
re-established at the toe of the slide and a bench provided for acéumulation of
future movement, When the bench fills, and ditch drainage is impaired, additional
material is removed. The rate of movement has been an average of approximately
2000 cubic yards per year over the past four years. However, it appears the rate
is decreasing at present.

A second slide of major proportion occurred in a 15' cut on 2:1 slopes, con-
sisting of lake deposits. The natural ground behind the cut was laying on approxi-
mately a 5:1 slope. After the highway was open to traffic, tension cracks appeared
at a distance of 200 feet from the ditch line. Shortly thereafter displacements
were noticed in the ditch line and in the macadam shoulder at roadway level.

Here again the cost of methods for retaining the movement was considerable.
A redesign with flatter slopes and a benching system was considered, however,
the possibility of removing additional lateral support and unleashing the entire
hill side made this method undesirable. Therefore, similar maintenance procedures

were employed for this slide as in the aforementioned problem.

Top of Cut Soil Slopes - The soil slopes at the top of a rock cut which makes

the intersection with the original ground can cause problems usually when the
soil overburden is greater than approximately ten feet, with the slope of the
natural ground steeper than approximately 3:1. The usual design procedure for
this type slope consists of providing a bench (usually 10' wide) at the soil-
rock contact and providing a slope with the ratio based on the strength and

conditions of the soil. The slope usually found satisfactory for this condi-

tion consists of a 2:1 ratio.
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Although the 2:1 slope performé satisfactoril& in general, failures
still occur during construction in areas of concentrated ground water. The
failures are usﬁally small and the slopes are cleaned and reshaped during
construction. Very few slides of this type occur during the maintainence

phase of the program and those that do are contained on the benches.

Transition Slope - The transition slope at each end of a rock cut is usually

in soil. 1In general there is very little boring information in this area which

results 'in the design of slopes without sufficient data and results in problems

15

during and after construction. The roadway side ditches in this area are design-

ed for flow approaching their maximum capacity. Therefore, when material from
a failure encroaches upon the ditch affecting the surface drainage, other
problems are precipitated in the shoulder and pavement areas.

The trend at present is to use conservative slope ratios in the transi-
tion areas. The height of cut is usually small and the flatter slopes do not

noticeably increase the earthwork quantities.

Channel Relocation Slope - The side slopes of a channel relocation can pre=-

sent a tremendous problem when located in éonjested areas, at the toe of a
natural hillside or too close to the toe of an embankment. Each condition
requires a special investigation‘and analysis to prevent landslides in conjunc-
tion with this type construction.

An example of a failure in a channel change slope, is near Wheeling,
West Virginia on interstate 70 in the vicinity of the east portal to the
Wheeling Tunnel. The channel relocation was constructed at the toe of, and
parallel to, a railroad embankment. A dual structure carrying I-70 crossed

at this location, and piers were located within and adjacent to the problem
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area. There were several factors that contributed to this failure which occurred
during construction. The factor which triggered the movement, however, was be-
lieved to be a rapid draw down situation created by the receding flood waters of
the channel.. Concrete had not been poured for the piers in the area. However,
excavation for one of the piers at the toe of the slope had begun further complicating
the 'situation. The mainline track of the railroad was located.within the active
slide area for a distance of 800 feet. Railroad crews were on the site:twenty=four.:
hours a day adding ballast and realigning the track in order to maintain rail
traffic. This operation had to be continued until corrective measures were applied
and the movement ceased.

The correction consisted of removing the material that had failed and
reconstructing the railroad embankment with rock. The excavation and rock back-
fill operations were carried out in 50 foot sectioné to prevent the possibility

of losing the entire excavation back slope in one massive movement.

ROCK CUT SLOPE

Inclined Bedding Planes ~ The major problem encountered as a result of inclined

bedding is due to local geological structure. The design of a rock cut, (as based
on the boring information as well as outcrops and all other sources of informa-
tion) can perform satisfactorily for the majority of a cut. However, when the
presence of detrimental local structure cannot be discovered until the cut is
made, failures have occurred.

A failure which occurred during construction on Interstafe Route 77 was
located in the southern portion of the state, between Princeton and Bluefield, West

Virginia. The cut slope is in the over turned beds resulting from the St. Clair

fault. The bedding in the majority of the cut dipped into the hill and away from
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from the roadway as anticipated, However, approaching the end of the cut the
bedding changed from dipping into the hill going through a section of hori-
zontal bedding and then into a section where the bedding dippéd toward the
roadway. The complexity of the changing conditions was not detected in the
boring program, due to the relativity short distance through which the change
took place. The extreme dip on both ends is approximately 70 degrees. A fail-
ure occurred as sooﬁ as the bedding planes were undercut in the -area where the
dip is toward the roadway. Large sheets of rock fell makihg hazardous working
conditions for reshaping the slope. Shortly thereafter large tension cracks were
discovered in the natural ground above the slope where the dip was into the hill-
side. The failure in this area was occurring perpendicular to the bedding

and along the cleavage. The area between the failures where the bedding
approached the horizontal did not experience any movement.

The correction for this failure consisted of a redesign of the slope
which paralleled the bedding where the rock dipped toward the roadway and
paralleled the cleavage where the‘dip was into the hill resulting in approxi-
mately equal slope ratios. This same slope ratio was carried through the area
of horizontal bedding between the aforémentioned areas. The actual slope ratio
was determined by field control based on the conditions encountered in .the

excavation.

Excessive Slope Ratio - At present, in West Virginia, the slope ratio for s

given classification of rock is based on performance observations of existing
cut slopes. However, when core samples are not representative of the major

portion of the rock to be encountered in a cut, the result is excessive slope
ratios. The shale formations are the primary source of the problem when this

condition exists.
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The failures that occur due to a slope ratio that is too steep for a given
shale formation, tend to establish a slope which restores equilibrium (in respect
to the existing stress). The weathering process, however, continues to further
flatten the slope and produce additional sloughage. The benches used in the
design of slopes in West Virginia pro&ide a place for this material to accumulate
at successive levels on the slope prior to reaching the drainage ditch. The bench
also provides a near horizontal surface for the loose weathered material to
accumulate, which produces negligible driving forces at the contact, between the
inplace rock in the bench and the loose accumulation of weathered material. Where
straignt slopes with satisfactory ratios (in respect to the existing stress) have
been used, the weathering process has produced material that accumulates in the
drainage ditch requiring continuous maintenance. The sloughage on the flatter
straight slopes is a result of shallow soil creep, due to the driving forces
produced along the inclined contact surface between the inplace and the weathered
shale. This surface is established at or in the weathering transition zone, at
the point where the permeability of the material creates a concentration of
water. Whereas with the bench design, the slope between the ditch line and the
first bench is usually limited to a vertical rise of five . feet which produces
negligible sloughage.

When the slope ratio is too steep and results in a failure during comstruc-
tion and the material fills the benches, the slope is generally reshaped using
flatter slopes between benches. After the roadway is open'to traffic failures
are very rare where the failed material reaches the roadway. However, the normal
weathering in time causes sloughage which practically fills the benches.

From observations of cut slopes which have existed for a number of years,

it appears that approximately one-third of an individual bench, along with a
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portion of the underlying slope weathers and sloughs off and accpmulates on
the next lower bench. This sloughage covers approximately 1/2 to 2/3 of the
lower bench and provides some degree of protection from weathering for the
lower portion of the underlying slope. This process occurs between successive
benches throughout the height of the cut.

When the process of weathering is retracted to a point that is negligible,
in respect to the service life of the highway, the slope contour resembles that
of a natural hillside. The slope approaches a condition of equilibrium‘as the
material weathers. Thus, sloughage occurs until a slope is established flat
enough that the stretch of the weathered inplace material can withstand the
forces tending to cause movement. The material that sloughs on to the next
lower bench seeks equilibrium as it is accumulated. It is true that in
time the weathering action will produce the same slope ratio that existed in
the natural hillside. However, the bench widths are such that this condi-
tion should not occur until an extremely long time after the service life of

the roadway has been terminated.

Jverstressed Shale In Deep Cuts - In a rock excavation the newly exposed

surface has no normal stress. Therefore, since the rock is under a condition

>f triaxial stress and strain, the rock begins to deform at first elastically
ind then permanently. These deformations are dependent‘on time. When the
stresses are great and the rock, because of weak material, joints or other
lefects, cannot resist the stresses, localized failures will occur, causing

1 redistribution of the forces, which tends to restore equilibrium.,1

Lrhomas A. Land, "Theory and Practice of Rock Reinforcement', Pre-
sented at the 45th Annual Meeting, Highway Research Board, January, 1966.
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An example of a failure of a shale layer in the lower portion of a cut occurred
on Interstate 64 near Nitro, West Virginia.

The failure occurred in a through cut with a maximum height of approximate-
ly one-hundred and thirty-five feet. The failure began during construction,
shortly after the shale surface was exposed. Inspectors on the project reported
that as crack’s and breaks occurred in the shale, sounds comparable to a mild
explosion echoed through the cut.

Figure 2 illustrates the cross section depicting the original design slope,
the slope shortly after exposure and the existing condition. The contractor removed
the debris that had fallen on the bench and reshaped the slope. At that time two
methods of treatment were investigated. Redesign of the slopes of the entire
cut was considered and involved approximaﬁely 117,300 cubic yards of excavation.
Rock reinforcement techniques were also considered utilizing the beam or slab con-
cept provided through the use of rock bolts. In conjunction with the rock bolts
a gunite and wire fabric surface treatment for protection from weathering was
proposed. The bolts were designed in a horizontal pattern, (Figure 3) when
properly installed form a zone of uniform compression between the anchorage
end of the bolt and the bearing plate at the head of the bolt. This =zone of ;
coﬁpression is compared to a beam or slab which acts at least partially as fixed
at both ends. This is the feature of rock bolting that provides stability in :
the roofs of a mine excavation.

It was felt equilibrium had been restored in the shale léyer shortly
after the failure, however, this was not certain. Therefore, it was decided to {
observe the slope for a éeriod of time since the corrections would still be

-applicable if the condition worsened. The benches ‘would protect the roadway in the

event of a large failure,
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The condition at present is one of weathering of the shalé layer which
has produced an overhéng condition as shown in Figure 3. The rock above
the oVerhang would have to be removed in conjunction with either of the ori-
ginal corrective methods. Therefore, with the problem reduced to weathering
it is now proposed that the stone above the overhang be removed and used to

construct a rip-rap type slope protection for the shale layer.

Embankment Foundations - The early roadways built for the first automobile

traffic in West Virginia were primarily built by a method which came to be
known, locally at least, as the cut and cast method. The roadbeds constructed
by this method consisted of excavating half of the roadway into the hillside
and casting the material over the hill to form the other half in a sidehill
fill condition. As the traffic requirements dictated, improvements in the
geomefrics produced larger fills in the sidehill condition, therefore,
introducing the problem of embankment failures.

Practically one-hundred percent of the embankment failures occurring
in West Virginia, in the maintenance of construction phases of the highway
rogram, were constructed in a sidehill fill condition. Therefore, at this
‘ime a general policy has been adopted whereby the sidehill fills are con-
itructed by first undercutting and then constructing fill benches into the
‘'ock prior to placing the embankment. The lower portion of the embankments
re constructed with a granular material to provide drainage.

On some of the smaller sidehill fills, attempts have been made recently
0 construct them without providing fill benches. It appears that the maximum
eightsof sidehill fill that can be constructed without £ill benches are approxi-
ately those less than 20 feet. However, this is only an average and each case

ependscon the conditions encountered at the individual sites.
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An example of a failure of a side fill with a maximum height of 20 feet
occurred on Interstate Route 77 near Parkersburg, West Virginia (Figure 4).
The failure occurred shortly after the embankment reached subgrade elevation. The
contractor excavated the slide, fill benches were cut into rock and granular
material was used for back fill. This section of roadway has been open to traffic

for approximately three years and the correction is performing satisfactorily.
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CASE HISTORIES

SLIDE ON ACCESS ROAD TO TRI-STATE AIRPORT

In 1966 a slide occurred on the access road to Tri-State Airport located

near Huntington, West Virginia. The fill had been constructed in a sidehill

condition with shallow soil cover over a shale formation (Figure 5). The embankment
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oundation soil and the soil in the matural ground slope below the toe of the
mbankment became saturated. It appeared that small progressive failures
ccurred in. the natural slope until the embankment was affected and resulted
n a condition resembling the typerof landslide known as-a flow,

After the slide_a hazardous cqndition existed with one-fourth to one=-
_alf of the pavement width dislpcated for a distance_of 125 feet parallel to
he centerline. One-way traffic was maintained by utilizing the gravel
houlder as part of the driving lane, until the situation could be correctedﬂ

The correction of this slide consisted of revising the alignment and
elocating the roadway away from the slide area. (Figure 6). This method of
lide correction has been used successfully.throughout the State where condi-
ions encountered make it economically feasible, as was the case with this

Lide,
JSSET SLIDE

In 1963, a slide occurred on local service Route 7 in Calhoun County,

:ar Russet, West Virginia. It would appear that an embankment could not

tist for any length of time, in a location as depicted in Figure 7., However,
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this roadway has been in service for a number of decades, prior to the slide.

The length of sérvice:performed by the embankment was attributed to the
granular soil which made up the foundation material as well as the embankment it-
self, The site investigation indicated that thé sandstone layer near elevation
195%, sandwiched between two shale layers was contributing considerable water to
the slide.area. It was believed that through the years an accumulation of silt
was increasing the permeability of the granular material. Therefore, the seep-
age forces reached a point in time, of being excessive and resulted in a failure
(Figure 8).

In order to retain the slide and provide as much free drainage ‘as possiBle ;
a gébionfwall was chosen as the method of correction.

The gabion wall consists of wire basket units filled with durable rock,
(Figure 9) which when installed in a manner similar to that of a crib wall, fqrm-

a free drainage retaining device. According to the manufacturer the wire baskets
(Figure 10) which have a thick protective coating will provide long term durability,

To date this installation is performing'satisfactorily;

*This elevation was taken from a Bench mark established just for the slide,

with an assumed datum,
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LIDE ON INTERSTATE ROUTE 64 NEAR HUNTINGTON, W. VA,

The embankment was originally constructed in October of 1963, in a
ide hill condition as shown in Figure 11. The original fill failed by slid-
ng during January 1963, and was excavated and replaced during May 1963,
nder the direction of the project supervisor. Immediately after reconstruc~-
ion tension cracks appeared in the top of the embankment.

The pavement was not included in the grading contract, thus a study of
he slide area was initiated and if necessary, corrective measures would be
ncluded in the paving contract. The condition of the embankment remained un-
hanged over the winter of 1963-1964. In the spring of 1964 considerable
round water was detected in the embénkment.

Numerous corrective measures were investigated; however, only three
ethods were considered feasible and were compared in respect to cost and.
ffectiveness. They were (1) excavation into the shale with granular back-
ill;b(2) a rock buttress and (3) a horizontal drain installation was consider-
d to be the least effective method,' with results not guaranteed, the cost was
egligible in respect to the other two methods. Therefore, it was decided to
etermine if the situation could be corrected with horizontal drains.  In the
pring of 1965, the condition of the embankment was still unchanged. The
>rizontal drains were installed at that time and the paving contractor was
astructed not to pave in the area of the tension cracks until the effective-
2ss of the drains could be evaluated.

Upon installation, several of the drains intercepted a large source of
ater, which created a near full flow condition;, however, the flow tapered

ff very quickly to a small trickle. Other drains never functioned or else ceased
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flow after a short time. When it came time to place the-rigid pavement there was
still no indication: of additional movement, however, water was still observed

in the fill. The area within the limits that could possibly be affected by
movement was then paved with a minimum thickness of flexible pavement and opened
to traffic, since it could not yet be determined if the drains were going to pro-
vide satisfactory results.

In January, 1967, a complete failure occurred. The outside pavemént in
the west bound lane dropped approximately five feet for a length of approximately
400 feet. The condition was then re-evaluated and plané were prepared for
correcting the slide using the excavation and granular backfill method.

-When the excavation operations uncovered the shale during the construction

of the slide correction, the condition of the shale was not as good as anticipated.

When exposed the shale weathered extremely fast¥ into a plastic clay because there
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were fractures throughout the shale which were carrying water and the shale

7as weathered on each side of the fractures. There were also zones in the
shale that were in a condition that when pressure was -applied by hand the
shale shattered into small aggregate like pieces. There had also been delays
in the construction operations which left the excavation backslope for a period
)f several weeks. This resulted in failures in the backslope in the soil and
-n some -areas failed through the soil and the shale itself.

The excavation had not reached the proposed bottom elevation when this
rondition was realized and upon investigation, the analysis indicated that it
ras possible, in time, for a slip plane to develop in the shale below the
roposed bottom of the excavation. Therefore, the excavation was terminated
t the elevation that existed at that time and granular backfill was placed

or drainage. A soil buttress was then incorporated into the design at the toe

f the new slope designed to provide stability against the potential deeper

ovement.
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A CONTROLLED FILL OVER SEDIMENTS OF ANCIENT LAKE MONONGAHELA
Near Fairmont, West Virginia
Berke L. Thompson, Assistant Director and
Donald C. Long, Chief Geologist
Materials Control, Soil and Testing Division
State Road Commission of West Virginia

Charleston, West Virginia

The great Pleistocene ice sheets did not penetrate into West Virginia, but
eir influence on the established drainage of that epoch is clearly discernible.
ior to the Ice Age, the major drainage in West Virginia was to the North. The
vance of the glaciers over Ohio and Pennsylvania intercepted and blocked this
ainage. Several lakes were formed which produced extensive deposits in the
1o, Kanawha (including the abandoned Teays), and Monongahela River Valleys,
well as in most of the majbr and many of the minor tributaries to these
reams.

At least five (5) terraces marking various levels of deposition have been
antified. Even above the ground water table, these‘deposits often exhibit
isture contents of as much as 40%, and with few exceptions are extremely
sceptible to landslides if the natural equilibrium is disturbed. Most of the
Jlures occur as thé classic rotational or slump landslide, and once failure
i occurred, a slope of five horizontal to one vertical, or gentler, is often
‘essary to regain stability. Most of the deposits are covered by varying
unts of residual soils from the adjacent valley walls and thus the true
ger is not always apparent unless a comprehensive‘investigation is conduct-

There are, of course, extreme potential dangers involving stability when
structing roadways, buildings, or other structures which will be founded on

will cut through these terrace deposits.,
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One such deposit occupied the corridor of Interstate 79 between Bentons
Ferry and Fairmont, West Virginia. The routine subsurface investigation for de-
sign purposes in the valley known locally as Pleasant Valley, disclosed a vast
deposit of ancient Lake Monongahela. It is interesting to note that past records
concerning the various terrace deposits in the Fairmont area indicate that the
rock floor of the pre-glacial river should be at elevation 972 and the top of the
highest terrace should be at elevation 1067. The drilling and geologic investiga-
tions conducted to gather data for design, produced evidence that the previously
assumed floor of the pre-glacial stream may be in error. Thg investigation dis=-
covered a deep valley filled with varved clays over other deposits of silts,
sands, and clays (Figure 1). The floor of the filled valley is at approximate
elevation 945, indicating that the floor of the pre-glacial river was some 27
feet lower than previously reported. It had been assumed, prior to this finding,
that the present Monongahela River had cut 122 feet from the pre-glacial floor.
From the foregoing evidence, however, it appears the post glacial stream has
eroded no more than about 95 feet,

It is also believed that a thorough geologic investigation would reveal
that Pleasant Valley (location of the filled valley) mﬁy actually have been a
meander of the pre-glacial river which flowed in a northerly direction (Figure
2). During the interval of impoundment the meander was filled with lake sedi-
ments, There is evidence that the lakes were drained in a southwesterly
direction and for some reason the meander was not reopened even when the river
resumed its original northerly flow. The significance of these findings lies
in the fact that other zones of unstable soil may be found in this area at a lower
elevation than previously supposed.

The presence of these lacustrine deposits in the Pleasant Valley area

resulted in the study and rejection of many alignments within the I-79 corridor.
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It was found to be ‘impossible ﬁo completely avoid'théVdéposits, but the line
and gréde finally :selected reduced the problems associated with this
material to only one of major significance -- that of constructing a relative-
ly large embankment over thick deposits of compressible material. Align-
ments for the Interstate and Secondary road were studied on both sides of the
valley but the cost of insuring stability of sidehill fills over the
lake deposits was prohibitive.

Borings and laboratory tests provided the designer with the informa-
tion to develop a detailed soil profile for the area (Figure 1). The deposi-
tion does not appear to be uniform. Lenses and pockets of sand, clay and silt

are interspersed irregularly throughout. Laboratory tests on undisturbed

37
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samples indicated a potential for as much as 30 inches of settlement. The lack
of continuity of stratification made it difficult to determine the nature and
extent of lateral drainage within the deposits and thus the validity of consoli-~
dation teéts, especially with regard to time, is suspect.

Analysis of available data indicated that placement of the load of the
proposed embankment too quickly could result in the build up of critical pore water
pressures in the foundation soils which could, in turn, be translated into a major
failure down the valley normal to the profile. To guard against this possibility
the designer proposed a controlled rate of construction. It was specified that
when the construction reacﬁed elevation 1040, the rate of fill should be no greater

than 12 feet per month. It was further specified that construction should be halted
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at elevation 1055 and a four month waiting period observed to permit the
foundation soils to adjust to the new load. At the end of the four mounth
period, comnstruction of the remainder of the embankment was limited to
twelve feet per month.

Besides this predetermined construction schedule, a system of seven
piezometer installations positioned at various locations (Figure 3) and depths
in the foundation soil was specified in order to provide a rapid and constant
record of actual pore pressure development. A pore pressure of two tons per
square foot was calculated to be the critical stress and all operations were
to cease and pressures allowed to dissipate should this value be exceeded.
Other devices used in the control of this fill were settlement plates
(Figure 3) to determine if anticipated settlement was being realized; and
slope stakes along the embankment to provide early warning of any loss of

lateral stability.

@ DENOTES LOCATION OF
PIEZOMETER INSTALLATIONS

#l SETTLEMENT PLATE

sec. 84/, RELOC.

LPLAN,
SCALE ["= 200'
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FIGURE 3
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The main feature of the embankment control was, of course, the piezometer
installation. A piezometer, simply stated is a device for the purpose of
observing pressures of liquids in compression. There aré several types of piezo-
metric observation systems in use, ranging from simple open pipes permitting
water level measurements, to intricate systems of tubing and sensitive gages, or
even electrical indicating devices. The type used in the control of this fill was
a closed hydraulic system consisting of a porous stone tube acting as a sensor
which is connected through fluid filled lines to a pressure gauge (Figure 4). As
will be seen later, however, our system differed somewhat from the normal installa-

tion of this type,
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The use of piezometers is not uncommon. Most earth dams incorporate
elaborate piezometric monitoring installations. In such cases, they are
normally placed at prescribed levéls in the dam as construction proceeds.

In the subject case, the zone of interest was the inplace soil and thus the
installation had to be made through drilled holes. The installation procedure
was as follows: A drill rig was moved onto the specified location and a six
inch hole was drilled to the desired depth. A dozer mounted core drill was used
to negotiate the terrain which was, while more accessible than the average for
Hest Virginia, fairly rough. Casing was used only where necessary to maintain
an open hole. Next a piezometer was readied for insertion. The Saran Tubing
vas placed through the rubber stopper and the stoppers cemented into the porous
stone. A sash weight was attached and a framing device was affixed to keep
the tube off the wall of the boring. The piezometer was then lowered into the
10le to the desired depth and the backfill started. Ottawa sand was emplaced
o act as a filter and to insure a porous medium for at least 1.5 feet below
ind 1 foot above the porous stone tube. A bentonite seal of at least 1 foot
vas placed on top of the sand. The next ten feet or to.the top of the hole,
vas filled with cement grout.

Trenches were excavated to conduct the saran tubing to the gage sites
utside the fill. The purpose of the trench was to protect the tubing during
‘he early stages of construction. A common trench was used to contain the
:ubing from more than one installation when possibie. The linés were placed
Ldosely in the trench and covered with a layer of sand to allow for a certain
mount of movement as the fill settles. A total of approximately 5900 feet of
saran and nylon tubing was used to connect the seven sites with their indivi-
lual gages. When splicinngas required extreme care was taken to insure an

1ir tight connection.
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Because of the depths of some of the installations, it was not possible
to establish the gage sites at a lower elevation than the piezometric level as is
required to maintain positive pressures. This would have required placing the
gages far down the valley away from the interchange and relocated secomdary road,
The procedure was to connect the gage at the hole site, fill the system with fluid,
close the valves sealing the system, and move the gages to their permanent observa-
tion sites. When the gages were moved to their permanent sites, vacuum was develop-
ed relative to the height above the piezometric level, Changes in pore water
pressure in the foundation were reflected in changes in vacuum at the gage.

Most of the installations went reasonably smoothly, but there were some
problems. For one thing, the weather and terrain combined to give trouble at
times. The system was emplaced in the early Spring and freezing and thawing,
snow and spring rains caused equipment to mire up. The cold weather also slowed
operations by making the saran tubing brittle and very difficult to manipulate.
Nylon tubing, purchased when we ran short of saran, was much easier to handle.

Some of the holes were plagued by sand running in. It is difficult to use casing
to seal off such a condition. When the piezometer is in place, the lines running
out the top of the hole make standard casing removal difficult. It is necessary

to either cut and splice the tubing (and it is desirable to keep splices and con-
nections to a minimum), or the entire length of tubing must be '"threaded" through
each piece of casing,

The first valves purchased had brass seats and were unable to contain the
vacuum and it was necessary to replace them. The replacements were Midget Dia-
phragm Valves and when the systems were reconnected, the seal was improved at all
connections by wrapping the threads with teflon tape. ' The gages used were of the

liquid filled diaphragm type with a range from 30 inches vacuum to 60 psi pressure.

They were factory sealed and calibrated.
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Construction of the embankment and bridge is now complete, and from
the records and the performance of the embankment it appears that the con-
trolled construction was successful, Except for minor discrepancies the

piezometers functioned as expected,

SITES 1 and 4

Note (Figure 1) that Site 1 and Site 4 were installed at the top of a
stiff to very stiff silty clay. This material would be very susceptible to
pore water pressure build up under loading due to its low permeability.
[mmediately above the layer is a bed of soft to firm varved clay. The piezo-
neter graphs for Sites 1 and 4 (Figures 5 and 6) show overall similarity
*xcept that Site 1 readings show many more short term fluctuations. Site 1
‘eached slightly higher values initially due to greater construction activity
.n that érea. The differences in the actual readings are due to elevation
‘ifferences between gages and installations for the different sites. As the

mbankment height increased the piezometer readings increased indicating a build-

p of pore water pressure. After construction ceased, the pressure dropped
nly to rise again when construction resumed. At 500 days (approximately
months after construction was completed), the pore pressure was steadily

ecreasing.,

ITE 2, located in a varved clay was experiencing a similar rise and fall
drresponding to embankment construction until destroyed by a pile driving

seration (Figure 7).

[TE 3, is also located in a varved clay. This site appeared to be inactive
1til approximately 350 days when it showed a sudden increase in pressure

‘igure 8). Site 3 is located at the north end of the bridge over the local
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road. 1In order to go ahead with the bridge construction, the contractor was per-
mitted to build the fill to final grade in a small area over Site 3. Approximately
20 feet of fill was placed very quickly and probably accounts for the sudden in-
crease. The water being squeezed quickly found an escape and the pressure return-
ed to normal., A pile driving operation near the site could also have effected

the readings.

SITE 5, located in a loose to medium dense sand, showed little effect due to pore water ?
pressure. This was expected due to the high permeability of the sand as long as the
bed had drainage in some direction for dissipating the water as consolidation occurred

(Figure 9).

SITE 6, placed in a clayey silt and silty clay bed, seemed to experience difficulties

similar to Site 3 (Figure 10). The Designer's Soil Report states that the top of
the inplace soil often exhibits vertical and horizontal desiccation cracks. This
site could have been near enough to the surface for relief to have been provided
through these cracks until the fill consplidated the material enough to block the

drainage and cause the rapid build-up.

SITE 7, located deep in a bed of clayey silt and silty clay, registered a steady
rise until construction was completed. This would be expected due to the low
permeability of this material, the thickness of the bed and the height of £fill
(Figure 11).

As stated previously, settlement is difficult to predict in lensed de-
posits such as these. The settlement registered by the settlement plates was much

less than that estimated by laboratory tests (Figure 12). The largest settlement

occurred at 405 + 50 on centerline. Thirty inches were predicted, but only 9.6
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inches of the anticipated settlement was recorded.

It is evident then that neither the settlement nor the attendent
>uilt-up of pore water pressures reached the predicted degree of severity.
‘hus, either the deposits were not as susceptible to consolidation as the
.aboratory tests indicated; or the time for comsolidation is much greater
nd the critical period has not been reached. Actually the settlement curves
Figures 13 and 14 are typical) developed from the settlement plate readings,
evel reassuringly after loading ceased indicating that primary consolidation

as likely been achieved and that the most critical period has passed.
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SETTLEMENT PLATES

FEET OF ESTIMATEDL actuaL | Fooee
SITE STATION OFFSET |FILL OVER|SETTLEMENT SETTLEMENT|ESTIMATED
PLATE NT
| 402+ 50 65' LT. 40 15" 5.3" 35%
2 403 + 00 65' RT. 22 — -] 29" -
3 404+25 | 65 RT.| 26 20" 24" 12 %
4 404 + 50 65'LT. 24 20" 46" 23%
5 405+ 50 3 52 30" 9.6" 32%
6 407+00 | 65'LT.| 73 25" 7 28%
7 407+ 50 92'LT. 62 24" 7.3" 30%
8 407+50 | 9O'RT.| 35 | — 52" | —
9 410+50 | es'LT| 27 10" 2.2" 22%
10 410 +75 | 82'RT.| 27 10" 00" | —

FIGURE 12
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GEOLOGICAL INVESTIGATION FOR A
TRANS-ANDEAN HIGHWAY

Ralph W. Seeger
Sverdrup and Parcel and Assoc. Inc., St. Louis, Mo,

The Republic of Columbia is situated in the northwest part of the
jouth American continent. It is the only South American country bordering on
oth the Atlantic and Pacific Oceans. The Andes Mountaing dominate the western
:ecﬁor of the country and split into three ranges fanning out northward from
he Ecuadorian border. East of the Andes is a vast area known as Los Llanos.
he north and west part of this region is grassy plains while the rest is moist
ungle.

The Eastern Llanos (or plains area) of Columbia have become an important
actor in providing produce and livestock to the rapidly growing capital city
f Bogota. The Llanos region comprises 25% of the total area of Columbia, yet
resently is inhabited by only 1.4% of the nation's population. In addition
o sharing in the support of Bogota, Los Llanos has great potential as a future
eveloping area within itself. Therefore, an efficient method of land trans-
drtation connecting Villavicencio, the gateway to Los Llanos, with Bogota
3 vital,.

The Government of Columbia desired to know the present status of
1e existing Bogota-Villavicencio Highway and the engineering requirements,
’>sts and economic impact of providing a new facility or improving the
tisting highway to a higher level of performance. This study was conduct-

I to achieve this purpose,
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The present highway is subject to slides, vashouts and rock falls, The
highway is narrow; in some places being restricted to one-way travel for short
stretches. Grades are steep, being as high as 12%. Several sharp hairpin turns
and limited sight distances make it desirable to modernize the route, whether by
relocation or upgrading the existing highway. Drainage on the existing road is
veritably non-existent and is probably responsible for many of the failures of the
slopes and road surfacing.

The geological studies for the proposed route cover an area approximately
750 square kilometers confined to a strip averaging 7 kilometers in width extend-
ing between Bogota and Villavicencio. The proposed route begins at the southern
edge of the city of Bogota, elevation 2,570 meters, and ascends the Eastern
Cordillera, crossing the divide at elevation 3,170 meters. From this point of
maximum elevation, the route descends to terminate at Villavicencio, elevation
625 meters. This city is located at the western edge of the vast Llanos area.
The area studied is part of the Rio Orinoco drainage basin.

The detailed photogeologic study was made utilizing aerial photography
on a 1:25,000 and‘1:60,000 scale. This is the first time that this area has
been mapped both topographically and geologically, using air photos. Geologic
formations and soils were identified and located with photogeologic interpreta-
tion and field control. A topographic map was made from air photos on a scale
of 1:10,000 using a contour interval of 10 meters. The major geologic and
soils features were plotted on this map, thus providing a base map for all
alignment studies. The geological aspects were considered in the engineering

study so that route evaluation was made from a geologic as well as an engineer-

ing standpoint.,
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The topography of the area varies from flat terrain both at Bogota
ind Villavicencio to undulating and rugged mountains in the rest of the area.
jevere tectonism and deep erosion are responsible for the topographic express-
.on as well as for courses of the rivers. Terraces, alluvial fans and talus
slopes are located adjacent to the mountainous area. |

Rocks of sedimentary origin representing all geoiogic‘periods between
‘he Cambrian through the Quaternary, except Permian and Silurian, outcrop with-
n the studied area. No igneous outcrops were observed within the area of
his study., Metamorphism has altered Cambrian, Ordovician and Devonian sedi-
lents to vérying degrees.

The Cambro-Ordovician time is represented in the area by phyllite with
some quartzite and schist present. The Devonian System contains black fissile
shales, slates, and quartzites. The Carboniferous System principally contains
-ed shales with some sandstone interbeds, but no coal seams were noted. The
Jura-Triassic contains shales capped by conglomerates. These conglomerates
ire composed of fragments of phyllite, quartzite and shales from the older
‘ormations. The Cretaceous System is represented by a marine deposit
sontaining yellow sandstone and maroon and black shales. The Tertiary
sontinental sediments were deposited after the Cretaceous marine sedimenta-
-ion. They are to be found at both ends of the study route; and are
>rimarily clays or clay shales with interbedded sandstones. The Quaternary
is represented by unconsolidated deposits of alluvial and fluvio-glacial
>rigin. Also included in this group are recent talus, residual soils, and
jeterogeneous materials from the slopes.

Soil deposits of diverse origin are irregular in shape and general-

ly average 2 meters in thickness in the area. Origin of the soil can be
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traced to: fluvio-glacial, alluvial, fluvial, slides, talus, weathering of
parent rock, etc. Rock blocks, gravel, sand, silt, clay and loose materials
are all irregularly mixed according to location of parent material,
Unconsolidated deposits include terraces, straths, alluvial fans, fluvio-
glacial cones, and mudflows. Terraces are composed of subrounded to subangular
rocks ranging in size from pebbles to boulders. Terraces at the Bogota end of
the route consist mainly of sandstone fragments while at the lower end of the
route the terraces contain phyllite, quartzite and sericite schist in clay matrix,
The alluvial fans contain subangular, poorly graded particles. A few fluvio-
glacial cones are present and are generally well-drained with flat slopes. Mud
flows are semi-consolidated and may or may not contain large rock particles. They
are subject to saturation and consequent viscosity and are to be avoided when-
ever possible.

The rocks in the study area are severely folded and faulted, The entire

structure is further complicated with different periods of folding. The number
of parallelbnorth-northeast trending thrust faults are abundant and appear to
follow a regional pattern. Normal faults also occur at numerous places. 1In
general, tectonism increases in intensity in the direction of the Llanos. 1In g
some places folding and faulting were so intense that geologic structures
could not be identified. Faults producing intense fractures affect the stability
of the rocks. Close faultihg in finely stratified rocks produces brecciated
material subject to easy erosion, slumpiﬁg and slides, as evidenced on the
existing roadway.

Studies resulﬁed in the conclusion that isolated faults or groups of
sufficiently separated faults are not critical in highway construction. Since

local faults in massive rock produce large blocks, they are not considered a

menace to construction. However, finely stratified rock that has been subject
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to close faulting produces a highly disintegrated material that is sus-
ceptible to erosion agents. During the construction stage, the excavation
of brecciated material in a fault zone may cause some sliding, but proper
design and construction should prevent continuation. In design, care
will be taken not to concentrate drainage in these areas which could create
erosion problems,

Three types of soil failures are prevalent in the study area and may

be classified as slab slides, creeping soils and mud flows. Slab slides

occur in residual soil deposits developing over steeply dipping strata.
Infiltrating water lubricants the contact zone and failurg results. These
slides occur throughout the study area but are predominant in the Cretaceous
shales. Road cuts in this material upset the delicate balance of stability

and accelerate movement. Creeping soils are caused by a strength reduction

in the soil. This type is most prevalent on the existing road in the
vicinity of alluvial fans. Highly saturated soil deposits have created
nud flow conditions also in the Cretaceous shales.

Alluvial fans and terraces composed of material primarily derived
from hard rock normally have good internal drainage. These fans and
terraces may be subject to erosion on unprotected slopes, heavy infiltra-
tion of water to impervious bedrock or undermining: by adjacent streams.
Any one of these conditions will create slope failure.

Based on the kind of materials encountered and field observations
>f existing slopes, design criteria for'cut and fill slopes for the proposed
1ighway were established. Depending upon rock type the cut slopes varied
from %:1 to as much as 1%:1 for clay shale and loose and weathered rock.

3lopes in soils were beld at 2:1., Twenty-foot wide benches were recommended
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at an average vertical spacing of 30 feet. Embankment slopes varied from
2%:1 to 1%:1 for heights over 10 feet. Slopes of 4:1 were recommendéd for
embankments less than 10 feet high. Flat bottom ditches were recommended
wherever economically feasible.

Unstable cut slopes and embankments, erosion, mud flows and natural
slides were considered in the stability studies. Correction of unstable cut
slopes involved the removal of excess material down to a stable slope. For em-
bankment failures, both retaining walls and toe berms were considered, Erosion
protection included interceptor ditches, flumes, paved ditches and stream
diversion. Benching of cut slopes, sand drains and retaining walls were con-
sidered in mud flow areas. In natural critical slide areas, removal of excess
‘materials and by-passes were utilized. Any cuttingband filling in unstable areas
where unavoidable,bwill require consideration of drainage for inplace materials.

Undercutting and backfilling with granular material may be required in areas of

weak soils. Use of sand drains and other methods to control known soil slides
is anticipated;

Benching, where required for side hill cuts, will generally be made with
dozers. Most shales, some phyllites, and minor soft sandstones should be rippable.
Blasting will be required for rock excavation but will not be allowed in terrace
deposits. Only the absolute minimum required blasting should be allowed in
phyllites and thin bedded shales and then only under rigidly controlled condi-
tions to prevent shattering and subsequent slope failures. Controlled‘disposal
of surplus material is’required, Dumping over the edge of the roadway section
can overload the slope or expose parental rock to eroding agents,

The Sabana de Bogota is a plain of the Eastern Cordillera formed by

filling of an ancient lake. The City of Bogota is built on the southeastern

edge of this plain. The recommended route leaves the city to the southeast through
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the Rio Tunjuelo Valley, an enlargement of the ancient lake. The soils here
are in general thick and composed of clays and clayey silts. The bedrock

is shale with some sandstone and conglomerate belonging to the Tertiary

Jsme Formation.

Continuing up the valley, the topography becomes more rolling, indica-
:ive of shale bedrock., The soils become more silty. Sandstone boulders,
emnants of glaciation, are scattered over the surface. Near the high point
)f the road the soils are thin and become sandy clays to clays. The bedrock
onsists of thé varicolored shales interbedded with thin layers of sandstone
'f the Tertiary Bogota Formation.

After crossing the divide, basal sandstones of the Bogota Formation
nd shales with thin sandstone beds of the Guaduas Formation of basal Eocene
r Upper Cretaceous age are encountered., Next the massive sandstone of the
pper Cretaceous Guadalupe Formation is crossed.

Continuing on toward the Town of Chipaque, the route will traverse
hales with some sandstone and thin limestone layers of the lower Guadaloupe
ad upper Villeta Formations of Cretaceous age. Soils here are sandy clays
ad clays, Selection of the less steep areas for these crossings was made
> minimize stability problems.

From Chipaque to Caqueza the topography is rolling and becoming more
:eep. The bedrock here is sandstone, shale, siltstone and limestone inter-
:ds of Cretaceous age.

The town of Caqueza is built on an alluvial fan of clay soils over-
'ing black fissile shales. The area, including the town, shows evidence
" creep. Because of slumping during deposition and subsequent folding and

ulting, the bedding planes are at all angles. These shales weather rapidly
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and when sufficient soil has accumulated and becomes saturated, slab slides
occur,

At the junction of the Rio Caqueza and Rio Negro the valley is choked
with sandstone bouiders and gravel. The Rio Negro valley is a fault zone and
strata on opposide sides of the river are not always the same. The route follows
the river and the shales of the basal (Cretaceous Caqueza Formation are exposed in
the wvalley.

.Continuing onward we find the hard sandstones of the Devonian Floresta
Formation locally becom;ng quartzitic and with a few shale interbeds. After
crossing several faults the bedrock changes to phyllite representing the Cambroe
Ordovician Quetame Formation. Here the canyons are deep and the phyllite exhibits
schistosity. 1In this area care will have to be exercised so that blasting will not
unduly fracture the rock and cause later failures.

The route passes.through several alluviél fans and terraces. Then cross-
ing Carboniferous fractured red shales of the Gachula Formation the route passes
an area where the attitude of the strata is unfavorable and a deep soil overburden
exists which will require special consideration in design and construction.

From here the route will rise slightly to cross the black shales capped
by the Jura-Triassic Giron Formation of brecciated conglomerate containing
phyllite and shale fragments. The route then descends into the massive Tertiary
sandstones and finally terminates on an alluvial fan where the town of Villavicencio
is located,

A careful study of geometric and geologic design was made seeking favor-
able geological conditions to.coincide with acceptable geometric criteria established.

Variations and alternative solutions were studied from a geological standpoint

considering stability, drainage conditions, ease of constructiom, etc. Evaluation
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as proceeded considering susceptibility to slides in soils aﬁd rocks,
specially in interbedded sedimentary rocks. Studies indicate the im-
ossibility of avoiding all geologically adverse areas. The geological

tudy has recommended relocation of the Bogota=-Villavicencio highway. Length

f the selected route occurring in unstable areas was minimized and the ad-
erse effects will be diminished with appropriate design. The new alignment
as reduced the highway length over predictable unstable areas from 377 to 14%
r from 41.2 kilometers to 15.5 kilometers. Once again the value of a geo-

ogical study for a highway program has been proven.
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GEOLOGY, ITS RELATION TO THE DESIGN OF THE
EAST RIVER MOUNTAIN TUNNELS
James D. Smith, CPG
Geologist ~ Tunnel Division
Michael Baker, Jr., Inc.
Consulting Engineers
Rochester, Pennsylvania - Charleston, West Virginia

The largest construction contract of its type in the history of the West
irginia State Road Commission will begin in the near future on the outskirts
f Bluefield, West Virginia. 1I'm referring of course to the twin-tunnels on the
est Virginia - Virginia border.

The East River Mountain Tunnels, Interstate 77, will penetrate East River
ountain with an approximate north-south alignment. The North Portal will be
ituated several hundred feet south of Cumberland Road (West Virginia-Route 29),
pproximately four and one-half miles northeast of Bluefield, West Virginia. The
outh Portal will be several hundred feet north of U. S. Route 21 and 52, approxi-
ately two miles north of Rocky Gap, Virginia (Figure 1).

The underground excavations (Twin Tunnels) will each be horseshoe-shaped
Figure 2) approximately 32'-3" high, 36'-4" wide and 5,037' in length (this
ength does not include 300'+ of soft-ground tunneling at the South Portal).

The feasibility studies for the tunnels and roadway approaches were made
n 1962 by Meissner Engineers of Chicago for the Commonwealth of Virginia and
he J. E. Griener Co. of Baltimore for the State of West Virginia.

In October 1964, a contract agreement between the State Road Commission

f West Virginia and Michael Baker, Jr., Inc., was signed for the design of the

ast River Mountain Tunnels.,
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In April 1965, the preliminary core-boring work began and by November

1966 the operational phase of the final sub-surface investigation and boring
program was complete,

The preliminary borings consisted of one angle and 14 vertical holes,
with the boring depths varying from 120 to 800', NX size core was retrieved
for all holes with soil samples in overburden or unconsolidated strata,

The final boring program consisted of one angle and 8 vertical core
borings with a depth range of from 110 to 451 feet. Four of the borings in
the South Portal area were 6" diameter and the remainder were NX,

Two additional 6" borings were completed in the South Portal area
prior to the final borings in order to determine tunnel alignment at the
South Portal. y

As most of you know, we can never take as many borings as we would like,
mainly because it becomes too time consuming and costly, so we must make full
use of that which is available.

This boring program was designed to provide sufficient overlap from hole
to hole, taking into account the dip and strike of the formations to be pene-
trated, to obtain an unbroken sequence from Ehe North to the South Portal.

Correlations between bore holes were made by field surveys and core
examinations using fossil, mineral and petrographic horizons, such as the milky
quartz pebble layer at the base of the Tuscarora near the Juniata contact.

It is not until a geologist moves into a region where he has not worked
before, that he fully appreciates the fine wofk that has been done by others. In
my case, I am very grateful to Dr. Paul H. Price and his co-workers whose work
through the years was of considerable help to me on this project, to Dr. Cooper

whose work is often cited in Woodward's reports and I must also give credit to

M. R. Campbell for his Pocahontas Folio 1896,
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Because this project involves two states, Virginia and West Virginia,
the formational nomenclature became a bit touchy, my search of the literature

on this area turned up, in a few cases, several names for the same formation.
I attempted to resolve this by using the preferred and most recent names
being used by either the Virginia or West Virginia Geological Survey.

The "back-bone'" of East River Mountain is the Tuscarora formation which
outcrops at the mountain cfest,'It withstands weathering better than any forma-
tion in this locale and is the predominant factor in preserving the ridge which
forms the boundary between Virginia and West Virginia in this area.

East River Mountain is structurally the north limb of a syncline (Figure
3), with the St. Clair overthrust fault lying north of West Virginia Route 29
(Cumberland Road) and running parallel to the.mountain,vThe tunnel site and
much of the surrounding area is within the overthrust block of the St. Clair

fault, The synclinal structure creates a steep northern slope and a gentle

6" Channel "
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FIGURE 2
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GENERAL GEOLOGIC STRUCTURE
EAST RIVER MOUNTAIN AREA
southern (dip) slope. The average formational strike is N66°E and the general
dip is 28° South,

The formations encountered along the tunnel alignment vary from the

Huntersville chert, Onondaga age - Middle Devonian (South Portal) through

the Benbolt limestone, Black River age - Middle Ordovician (North Portal).
The intervening formations include quartzite, sandstones, limestones and
shales.
The sub-surface conditions as determined by the core borings indi-
cate a considerable thickness of scree; decomposed shale and sandstone, sand
and clay in the area of the South Portal (Figures 4A and B).
Although the previously mentioned general dip is 28° South, approxi-
mately 1,400 feet south of the North Portal the dip begins to steepen with
the maximum approaching the vertical in a folded area in the vicinity of Station

15214+80. From the folded area, north to the portal, the dip gradually becomes

less steep approaching 37° South at the North Portal,
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A line of well-developed sinkholes, that trend nearly parallel to
uﬁberland Road, are located a few hundred feet to the north of the North
ortal, The rock portal is in an area of southerly dipping hard, massive
imesﬁonen

Two small areas, one at 1,000' and the other at 625' south of the North
ock Portal and a third, more extensive area (extending 150' to 380' South of
he rock portal) were detected by the borings to contain mud-filled seams
nd/or solution openings. The extent and location of these areas were deter-
ined by core-logging and projection. Although most of the cavities were
ud=-filled, a few were found to be open with the size range of both varieties
unning from 2 inches to one which measured 7 feet.

When discussing design requirements for tunnels or similar projects,
e must realize what is desirable for design is not always convenient for
onstruction, in many cases we have to shift locations of structures in
rder to take advantage of a better location as dictated by the local geo-
ogical conditions.

In developing an economical as well as safe design it is essential
or the geologist to be able to communicate with the design engineer: each
aould have some knowledge and be more than familiar with the other's field
f endeavor.,

Before we go into how geological features have affected the design
£ the tunnel project I would like to bring out one point == the human
actor.,

A great deal of the pfeliminary work om a project such as this in-
olves getting along with people, in consultant-client relationships and in

2gling with landowners on whose property you plan to run surveys or take
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core borings, just to mention two. As you know, it takes some degree of diplomacy
to explain to a disgruntled property owner why you are using his taxes to acquire
his land.

Along this same ‘line, I feel we are quite fortunate because problems that
have developed on this project were not due to any breakdown in communication be-
tween our company and the State Road Commission. We both have an appreciation of
what can be encountered in a project of this magnitude.

Our company, Michael Baker, Jr., Inc., works directly with the West Virginia
State Road Commission, who in turn deals with the Commonwealth of Virginia and the
U. S. Bureau of Public Roads - you might say that this project is-a double=jointed
venture.

Now, as to how geology has influenced_the design of this particular pro-
ject:

One of the first steps in tunnel design is portal location, portaling
against a steep, natural slope ‘in poor material can be very risky, and should
be -avoided unléss precautions are taken to prevent disturbances to the original
slope 'above. Mainly, because of drainage and sedimentation resulting from drain-
‘age, valleys or draws are not considered favorable locations and topographic
noses :are preferred.

In our case, the two additional 6" diameter boreholes previously mention-
‘ed were used to investigate ‘a topographic nose, this projection is located
several hundred feet East of the final South Portal location.

The boring results and subsequent tests revealed this spur or nose was
protected by a thin layer of Huntersville .chert which was sufficient resistance

to retard erosion, but the underlying Rocky Gap sandstone was almost devoid of

cohesion, since the cement had been leached out. Unconfined compression tests
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licated this formation had no rock-like characteristics; in fact, it
subject to flow failure if initiated by shock or a rapid rise in the

Iraulic gradient.

As a result of these findings we moved back to our first loca-

n in which our plan had been to excavate all the unconsolidated material,
ree, sand, clay and ﬁhe Huntersville and Rocky Gap, thus exposing the

:fer sandstone which would provide the required thickness of competent

tk over the tunmel arch to permit safe and conventional mining opera=-

ms.,

Exéavating back to the Keefer has several other advantages, the
onsolidated material would be removed, thus reducing the possibility
landslides, the water table would be lowered to a poiﬁt where it could
easily handled duriné tunneling operations and the foundation condi-
ns provided by the Keefer, Rocky Gap and Huntersville would be adequate

the - South §entilation buildings.

After considerable work had been done using this approach, we

e informed that the excavation required would be more than had been

icipated and in addition would mar the natural beauty of the South

pe. In keeping with the idea that beauty lies in the eyes of the be-

der, I personally think a broad expanse of exposed rock is beautiful.
Although requiring less excavation, the alternate design for the

th Portal involves over 300 lineal feet of soft-ground tunneling for

h "bore'", that is, Northbound and Southbound tunnels.
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Southward from the Keefer-Rocky Gap contact only the Huntersville
chert could be considered partially self-supporting. In addition to soft-

ground tunneling, this area will add at least three other design features -

First, a method to lower the water table in the soft-ground area prior to
mining. This we believe can be accomplished by means of two 36" diameter
drainage galleries, each one located just outside and approximately 4 feet
below the invert of each tunnel. We anticipate that a considerable volume of
ground water will be encountered while mining in the South Portal area; this
fact became quite evident when‘an initial flow of 1,000 gpm was measured coming
from an NX borehole in the South Portal area. After determining the location,
thickness, and possible head on the aquifer, calculations indicate that possible
initial flows while mining may approach 15,000+ gpm,

Second, the portal for the soft-ground section will require an inter=-
locking, steel sheet-pile rétaining wall with heavy braces or rakers to restrain
the considerable volume of overburden back of the portal. Each soft ground
tunnel will be approximately 40 feet in diameter; therefore, the piling
length must be on the order of 70 feet to allow sufficient depth for anchoring,
space for the tunnel opening, plus the overburden above the tunnel <crown.

.When you consider the tunnels are spaced 70' center to center, plus the 40
foot diameter openings, plus extensions right and left to accomodate the transi-
tion to the ventilation buildings you have a retaining wall of considerable
proportions.

The Third item involves a change in foundation conditions for the South

Ventilation building. The southward shift of the tunnel portal has placed the

ventilation building over an area where sound rock is at a depth fhat will re-

quire a pile foundation.
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I would like for a moment to go back to the subject of ground water,
>t only in connection with South Portal but for the entire tunnel.
Groundwater can be an important element in the overall cost of a
innel and its occurrence should be carefully noted. With low permeability
rmations and tight joints water flows are small, but with extensive joint-
1g, shear zones or formations that are good aquifers, the presence of
round water can create very difficult tunneling conditions. Designers are
iterested in knowing as many of the ﬁetails as possible in connection
.th the occurrence of ground water. These should include pH values,
lemical analyses, estimated volumes, possible locations and in some
1stances, temperature., Using this information the designer can make a
:asonable estimate for dry pack,’grouting,‘”panning” and other design
tatures that may be necessary.
The tunnels, during and after construction, are expected to exert
msiderable influence on individual domestic water wells in the vicinity
‘ the South Portal and according to information I have received, the
mmonweal th of Virginia has begun a ground water survey in this area.
The conditions which demand attention in the North Portal can
v attributed strictly to the solubility of a few of the limestone forma-
.ons,
The mud-filled seams and solution openings occur in three loca-
ons, The first and most extensive beginning approximately 150 feet south
! the North Portal and the smaller ones at 625 and 1,000 feet soﬁth of the

irtal were detected by core-boring.
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The largest individual opening was measured at 7 feet (in a vertical
borehole), but the total void space in a single area may be greater,
separated only by thin layers of limestone.

It has been recommended that continuous roof and, in some instances,
rib support be provided by linear plates in conjunction with 2 foot rib
spacing in these areas. Backpacking may be required to fill some of the larger
solution openings and in the relatively dry areas reinforced "gunnite" or
""shot crete' may be used.

In areaé:rwhere clay and/dr mud seams are present at the floor of the
tunnel, sills may be used to span the soft area and provide a firm footing
for the steel supports.

Immediate support should be provided, in some instances crown bars,

when clay seams are encountered at the roof line.

Beginning approximately 125 feet South of the Portal, maximum support

will be required for about 100 lineal feet, this is necessary because of an area

of vety deep weathering near the Moccasin-Witten contact which has left only a

thin rock cover over the tunnel,

As you drive along Cumberland Road from Bluefield and appreach the

tunnel area, a very noticeable feature is the line of sink holes that have

developed between the Road and the north slope of East River Mountain.
These sinkholes intercept most of the north slope runoff, much of this
flow then finds its way by underground channels into the Bluefield Water

Supply Reservoir. We are, therefore, recommending that during the open cut

excavation phase of construction, that the contractor provide a desilting basin
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t similar facility to prevent any sediment-laden water, either from work
tr waste areas, from entéring the sinkholes.

When preparing a report for a project, such as the one I have been
iscussing, it is well to keep in mind, that aside from design informa-
ion, an accurate appraisal of the geologic conditions permits the consultant
¢ client, as the case may be, to develop an accurate estimate of cost and
> the prospective contractor this same appraisal means a more realistic

id.
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GEOLOGY OF BIG WALKER MOUNTAIN TUNNEL
ON INTERSTATE ROUTE 77, WYTHE AND BLAND COUNTIES, VA.

Byron N, Cooper
Chairman, Dept. of Geological Sciences, V. P. I.
Blacksburg, Virginia

The Big Walker Mountain Tunnel project on Interstate Route 77 in
Wythe and Bland Counties, Virginia, constitutes one of the first two major
tunneling projects in developing the interstate highway system, Doubtless
it will be the answer to the private prayers of many hapless motorists and
truck drivers who have crossed this formidable ridge by way of present U. S.
Routes 21 and 52 during a'driving rain or snowstorm., The total tunnel pro-
ject costing about $23,000,000 will rank easily as the most expensive 0.8
nile of highway in the Virginia highway system.

Walker Mountain is in many respects a typical Appalachian ridge.
The mountain possesses one rather unusual feature, namely, numerous sharp
deflections in trend from the usually northeastward trend to a strongly
southeastern trend. The formations éxposed on the ridge form the homoclinal
or the northwest slope of a major synclinorium, parts of which are over-
ridden by the Pulaski overthrust block. Walker Mountain is on the Saltville
fault block which is composed of a Paleozoic succession at least 14,500 feet
thick. It is made by the Tuscarora Formation of Medinan age and possessés
the usual two sets of characteristic flatirons on the dipslope or south-
eastern side. The upper line of flatirons is made by the Keefer orthoquart-
zites. A lower line of somewhat rounded knobs 1s made by the Huntersville
chetts of Onondaga=-Schoharie age (Fig. 1).

Formations shown on the accompanying cross section (Fig. 2) delineate

the geology along the tunnel line.
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Fig. 1. Photograph of Walker Mountain showing location of tunnel line of
Interstate Route 77, Bland County, Virginia.

Nearly all of the Martinsburg Formation -- 1,600 feet thick -- will be
penetrated, except for the lowermost 150 to 200 feet. ZLocally the Martins-
burg is deeply weathered to soil and still deeper to an oxidized, leached, but
often rock-hard residue. The aggregate thickness of weathered material ranges

up to 200 feet.
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WALKER MTN. 3700
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YOUNGEST MARTINSBURG BEDS DRILLED—\-\\ PROJECTED TUNNEL
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Fig. 2. Geological cross section along projected tunnel line through Walker
Mountain showing dip and thickness of formations penetrated,
SE is on right, NW on left,

Other, younger formations involved in the tunnel are the Juniata
sandstones and shales --:320' thick, Tuscarora orthoquartzites -- 85°'
thick, Rose Hill shales and ferruginous sandstones. =- 110' thick, Keefer
orthoquartzite -- 40' thick, Rocky Gap sandstones =-- 26' thick, a thin
very ferruginous sandstone of Oriskany age -- 6' thick, and the Huntersville
cherts and glauconitic sandstones = about 40' thick. The tunnel will be
driven from the southeast portal.

The center line of the tunnel was originally charted to head into
a ravine which contains coarse colluvium dominated by large blocks of
Tuscarora orthoquartzite -- some up to 15 feet in greatest dimension. The
writer was called in by Singstad and Kehart, Inc., after considerable drill-

ing had been done along the original tunnel line. The effect of the colluvium
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was to encourage deep leaching of the Martinsburg limestones and shales far be-
low the level of the floor of the projected tunnel. This situation was
appreciated in the initial visit to the site in 1964 and in view of the condi-
tions encountered in the ravine, the tunnel line was shifted four hundred feet

to the southwest so as to benefit from the existence of fresher rock at eleva-
tions above the roof of the tunnels. This added slightly to tunnel length but
avoided much more costly measures that would have been necessary to drive the twin
tunnels along the original line.

Perhaps the most significant feature revealed by all the core drilling
done in the Martinsburg'Formation was the profound depth of the leached and
oxidized succession of the Martinsburg beds. As elsewhere in this general por-
tion of the Appalachians, the Martinsburg consists of impure thin limestones,

mostly biosparites, which are intercalated in black pyritic shales. Numerous

fractures -in the limestones encourage ingress of percolating waters which,

circulating i

contact with slightly calcareous, pyritic shales, generated

e

sulfuric acid promoting profound dissolution of the limestones and the leaching

=

and oxidation of the shales into a brown-colored residue varying in consistency

from rock-hard to soft, loose silt. The cutoff point for leaching and oxidation

of the Martinsburg is sharp wherever revealed by drilling and no known recurrences

of weathered zones at greater depths were found in any of the drill holes. The

dotted line on the cross section shows the thickness of the overburden on the
Martinsburg. The Martinsburg biosparites megascopically appear to be fairly 7
pure limestones, but the limestones yield a residue of silt and clay sufficient » b

‘to fill loosely much of the space occupied by the fresh rock, and bedding is

obvious in the leached material.
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It is, of course, axiomatic that fresh rock occurs closer to the
surface under hills or ridge spurs than under adjacent ravines, and such
is the case as revealed by drilling done into the spur beneath which the
tunnels as relocated will be driven.

Actually, the relatively great depth to which the Martinsburg is
decalcified even beneath the surface of the spur to be penetrated by the
relocated tunnel surely must be controlled to a large extent by the depth
of circulation of percolating waters under the colluvial fills in adjacent
hollows such as the one immediately to the northeast under which the tunnel
as originally projected was to run. Much of the water ingressing on mountain
spurs of Martinsburg limy beds must move relatively far down dip only be-
cause the circulation probably turns along strike, with the waters eventually
becoming part of the underflow draining through the colluvial fills. The
normal condition of Martinsburg beds is invariably one of close=-spaced
fractures, so that initial percolation is facilitated. Probably the great
depth to which Martinsburg beds are decalcified under the colluvial deposits
in the ravines is a function of the steepness of all the obsequent slope
of Walker Mountain and the great range in elevation between the mouth of
the hollow and the colluvium-bedrock contacts upstream.

Few if any road cuts in southwestern Virginia penetrate the leached,
decalcified residuum developed on the Martinsburg Formation., The fresh
cores of shale-limestone successions in that formation reveal a feature not
generally appreciated by geologists working in the Appalachians. The
absolutely fresh Martinsburg shaly beds are black and quite pyritic. Shades

of green, gray, tan, and brown so commonly seen in supposedly fresh cuts
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are not indicative of the true color of the fresh rock but are indicative of
varying degrees of weathering. The shaies obviously weather faster than
the limestones. The surprising thing about the latter is their high content
of insoluble silt and fine sand. The residue left after complete decalcifica-
tion of the biosparite limestones occupies nearly the full thickness of the
original limestone layers.

Judging how these formations appear under heavy cover as shown in one
deep core hole, really fresh Juniata, Tuscarora, and Keefer sandstones are seldom
seen in natural exposures. Pyrite is surprisingly abundant in the cores taken
from these formations. It no doubt accounts for the rusty blotches commonly seen
on fracture surfaces and in case-hardened surface coatings on Tuscarora exposures.,
The -abundance of pyrite suggests that the formation instead of having been de-
posited in the beach or intertidal zone, as many have believed, may have been
deposited as an extensive submarine fill in which the bulk of the sand was laid
down well below wave base in a reducing environment. ”

:Pyrite is also abundant in Juniata beds which are decidedly less abundant-

ly red than as seen at the surface. Greens are commonly associated with_the

PYFEEiQﬁJUHiEE?_?f?@sﬁgggs. On the oﬁher hand, the Rose Hill or Clinton Forma-

tion which is also surprisingly pyritic shows so much pyrite even in the

hematitic sandstones of Cacapon lithofacies that one is puzzled about the

actual source of the characteristic red color. I would have to subscribe

to the theory that the iron was probably all introduced as sulfide but was

largely, but by no means wholly, converted to hematite during diagenesis.
Pyrite also occurs in the fresh Keefer as evidenced by deep cores iﬁ Bore

Hole No. B-28. It is also present in the Millboro shales including lower beds

of Needmore affinities. The Juniata-Huntersville succession, unlike that on
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East River Mountéin to the northwest, contains no limestones or highly
permeable fresh rock, ‘The Huntersville=Millboro contact zone is a signi-
ficant zone of water pércolation as evidenced by the 6- to 20-foot zone of
oxidized, decalcified, and partially bleached shale at the base of the Mill-
boro. The Huntersville-=Millboro contact zone is probably a zone of localized
fractures that has piped water down dip. Contact of this circulating water
has oxidized the pyrite in the black shale and has converted the normal
illite or hydromica particles in the shale to kaolinite as a result of the
prevailingly high acidity created by oxidatioﬁ of the sulfide tovsulfate.
This is the zone near which the soutﬁ portal is located. From the borings
it is impossible to predict whether the upper part of the Huntersville may
have been weakened by percolating water.

The Huntg;gyillgrﬁqymatidn is undoubtedly the most interesting rock

in the succession. It is more or less a mass of dense, fine-grained sand-

stones, thin curls of chalcedony, and a chert=like layers containing
disgﬁ@ipﬁﬁgﬁ irpn-rich carbonate rhombs and glauconite, and very glauconitic
coarse-grained sandstone., So diverse are the lithologies in the Huntersville
Formation that a full description of all lithic types might be titléd "Is

The Huntersville Chert?"

The Keefer orthoquartzites, every bit as hard as the Tuscarora beds,
contain a characteristic granule conglomerate at the base, and associated
layers contain abundant interstitial black, irom-rich chlorite. The Rose
Hill bedé show felatively, turbid iron-rich carbonate as a cementing material,

which is rather closely interspersed with pyrite and also hematite. The

Tuscarora orthoquartzites are also notably pyritic; this is the probable
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source of the iron occurring as limonitic stains on weathered surfaces. The
Juniata is a much more quartzitic and structurally tough rock than one would
infer from surface exposures; much of it is greenish-gray in color. Pyrite
is abundant., It is not very red underground.

The rusty, ferruginous Ridgeley or Oriskany is a permeable grit and
is enough of an aquifer to supply water for personnel operating tunnel facilities.

From all indications, the structure of Walker Mountain is a relatively
simple homocline. All the drill data along the tunnel line fell into place so
nicely that no other interpretation could be made. Doubtless disharmonic
crumpling in portions of the Martinsburg will be encountered but these are expect-
able. They will not affect the overall structure as inferred.

Strength tests have been made on selected cores. Some of the quartzites
have crushing strengths of over 80,000 pounds/squére inch. The weakest units
are the Oriskany Sandstone and Martinsburg shales -- both of which rupture with
vertical fractures., Ma;Einsburg limestones, Rocky Gap sandstones, Huntersville
beds, Rose Hill sandstones, Tuscarora quartzites, and Juniata beds yielded
excellent shear cores under rupturing compression tests. Rock strength will

not be an issue in driving the tunnel. All the beds are strong enough to

meet structural needs.
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'THE GEOMETRY OF LIMESTONE AGGREGATE SOURCES IN
KENTUCKY'S APPALACHTAN REGION

Preston McGrain and Garland B. Dever, Jr.
Kentucky Geological Survey
University of Kentucky
Lexington, Kentucky

Introduction

The Appalachian regional-development program, with its proposed construc-
ion projects and potential resulting private development in the region, has
‘ocused considerable attention on the location of sources of aggregate
)aterials. As defined by Public Law 89-4, March 9, 1965, the Appalachian
‘egion includes 49 of Kentucky's 120 counties (Fig. 1). Limestone is presently
nd will continue to be the principal source of aggregate material in this
‘egion,

Though the outcropping rocks range in age from Ordovician through
‘ennsylvanian, the sandstones, siltstones, and shales of the Pennsylvanian
ominate the surface exposures in the 1argést pért of the region, thus limit-
ng the areas of limestone. In additiom, folding, faulting, erosional uncon-
ormities, facies changes, and irregular depositional patterns have produced
imestone bodies of varied dimensions and attitudes. These geological factors
re reflected in the pattern of distribution and have created problems in the
ocation of commercial deposits of limestone aggregate materials in the region.

The region, as defined above, involves several geological provinces.
he principal structural features which control the geographic distribution of
he limestone resources are the Cincinnati arch,>Appalachiah basin, Pine

ountain fault, and Paint Creek uplift (Fig. 2). The resulting principal lime-
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Fig. 1. Map of Kentucky shbwing counties included in ﬁhe
Appalachian region as defined by Public Law 89-4,
stone area are the narrow belts along the western edge of the Eastern Kentucky
Coal Field and the front‘of the Pine Mountain overthrust block, the Kentucky
River area of the Inner Blue Grass, and the Mississippian Plateau of the south-
central part of the Commqnwealth.

At the present time there are more than 40 active quarries, pits, and
mines located in 28 of the Appalachian area counties. Stratigraphically, they
are limited to rocks of the Mississippian and Ordovician, with the former
predominating. Almost 50 percent of these active operations are pértially or
entirely in the St. Genevieve Limestone (Fig. 3). Limestones of the Lower
Chester appear equally important,

The distribution of limestones offering the greatest potential for

concrete and road aggregates is shown in Figure 4.

Kentucky River Area of the Inner Blue Grass

The combination of the Jessamine dome and the deep entrenching of the
Kentucky River has exposed the Middle Ordovician Tyrone and Camp Nelson Lime-

stones along the inecised valleys of the river and its tributaries. These

limestones are hard and dense and produce good aggregate. With the main valley




IcGrain and Dever 93

25 0 50 75 100 Miles

ILL.

Eastern
Interior

.t N NASHVILLE
Mississippi ¢ *
Embayment TENN

Fig. 2. Regional setting of Kentucky showing geologic
features controlling the occurrences and distri-
bution of limestone resources.

ittaining depths of 300 to 400 feet below the Lexington Plain, underground
sperations are frequently the most satisfactory methods of recovering
-his rock. The locating of a quarry site can be further complicated by
che presence of the Kentucky River fault system, which roughly parallels
>art of the course of the river and may limit the size of an operation. The
neandering course of the Kentucky River crosses the fault system several
-imes, resulting in a series of discontinuous exposures of the potential
iggregate rock. An individual exposure may represent a large deposit or
>nly a small, isolated block on the tip of a meander bend (Fig. 5).

Younger Ordovician limestones are quarried locally elsewhere in
the region. In general, these rocks, being somewhat argillaceous and contain-
ing numerous shale partings, must be beneficiated before passing state and

federal specifications for use in concrete aggregate for highways.
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Fig. 5. Portion of Kentucky River valley in central Kentucky
showing relation of limestone aggregate sources to
Kentucky River fault. Adapted from geologic map of
Valley View quadrangle (Greene, 1966).

Mississippian Plateau of South-Central Kentucky

This area is largely on the Cumberland saddle of the Cincinnati arch.
'he exposed rocks range in age from Late Ordovician through Pennsylvanian,
7ith the Early Mississippian predominating. The older rocks are exposed
1long the valleys of the Cumberland River and its major tributaries, and
successively younger rocks are exposed to the east and west.

The Fort Payne Formation, though primarily a clastic, is of particular
‘nterest because of its varied lithologies and abrupt facies changes.
Jperable thicknesses of limestone in the Fort Payne have been brought to
light by the cooperative geologic mapping program of the Kentucky and United
jtates geological surveys (Fig. 6). Lenses and tongues of reeflike limestone
7ith irregular thicknesses and horizontal dimensions are present in several

:ounties. The geometry of the larger bodies, whose areal extent is measured
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Fig. 6. Geologic sectiqn showing limestone bodies in
the Fort Payne Formation. Vertical scale
exaggerated. Adapted from geologic map of Mont-

: pelier quadrangle, Adair and Russell Counties
- (Lewis and Thaden, 1964). '

in terms of miles, is that of an elongated lens, with the long axis trending

northwest-southeast.

Locally, the St. Louis and Warsaw formations may contain strata satis-

factory for quarrying. In general, however, these formations are argillaceous

and the stone fails soundness tests. The Upper Ordovician limestones are

similar lithologically to their central Kentucky counterparts and should be
Beneficiated before use in concrete aggregate. Upper Mississippian limestones ;

may occur as small deposits on isolated knobs.
Western Rim of the Eastern Kentucky Coal Field

Upper Mississippian carbonateé’constitute the most important source of
aggregate in Kentucky's Appalachian region. Their principal exposures are in
and near the Pottsville Escarpment, extending northeastward across the state,
along the western edge of the Cumberland Plateau. The Ste. Genevieve Limestomne

is the most important quarry rock and a majority of the quarries in this area

are partially or entirely in this formation. The superjacent Chester limestone
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edges may be quarried with the Ste. Genevieve or operated separately,
epending upon availability and the topographic situation. In their broad-
r aspects, the limestone units form a huge, wedge-Shaped body along the
ength of the outcrop belt (Fig. 7). These aggregate-producing formations
ttain their greatest thickness in the south, in the Lake Cumberland area

£ Pulaski, Wayne, and Clinton Counties, and decrease northward. This is due
n part to the thinning of individual units and in part to pre-Pennsylvanian
nd pre-Chester erosion. Numerous variations in thickness occur from Rowan
lounty northward where a part or all of the carbonate sequence may be missing
with basal Pennsylvanian clastics resting on Lower Mississippian siltstones),
hereas a few miles away limestone thicknesses as great as 80 to 100 feet

1ay be measured. Detailed field investigations together with core drilling

re necessary in this area to make a quantitative determination of the lime-

.tone: resources in any specific locality.

Fig. 7. Sketch showing variation in thickness of the Upper
Mississippian limestone section from Clinton County on
the Tennessee border to Greenup County on the Ohio

River.
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Two other conditions that may affect the size and location of quarry
operations along the Pottsville Escarpment should be noted. Displacement along
the Irvine-Paint Creek fault system may restrict the size of a potential opera-
tion in or near the fault zone which extends through Wolfe, Powell, Estill, and
Madison Counties. And, generally, quartz sand and chert granules are found in

increasing amounts in the Ste. Genevieve formation northward from Wolfe County.

Pine Mountain

The Upper Mississippian limestones are exposed again to the southeast
by the Pine Mountain overthrust. 'They are expressed as ; steeply inclined
block of carbonate rocks more than 300 feet thick (Fig. 8) that extends along
the fault scarp for a distance of approximately 100 miles from near Jellico,
Tennessee, northeastward to the vicinity of Elkhorn City, Kentucky.. Except

at the water gap at Pineville, the limestone unit is uninterrupted along its

entire extent.

Fig. 8. Generalized geologic section of Pine Mountain,
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This sequence of carbonate rocks has been referred to as Lower
lewman and as Greenbrier. For the most part these rocks appear to be
:quivalent to the Ste. Genevieve and Chester limestones of the western
:dge of the Cumberland Plateau, and represent a large reserve of potential
ggretate material., Lithologies similar to the St. Louis have also been
bserved. The rugged topography, thick overburden, and steeply dipping

.eds pose the greatest problems in operating these deposits.
Paint Creek Uplift

In parts of Johnson, Magoffin, and Morgan Counties, in the middle
f eastern Kentucky's coal field, the Upper Mississippian limestones may
e found within less than 400 feet of the surface (Stokley, 1949; Hauser,
953; McGrain and Dever, 1967). Limestone has been brought near the sur-
ace in an area generally devoid of aggregate sources by the Paint Creek
nticline, a faulted uplift. Near the crest of the uplift the limestone
eposit ranges in thickness from 30 to 150 feet and represents a substan-
ial reserve of aggregate material for the area. Depths to this stone
ncrease sharply away from the uplift. Core drilling is necessary to
etermine the depth, overburden, quality of stone, and subsurface water
onditions.

Conclusions

It is reasonable to assume that the construction of roads, dams,

nd other structures will accelerate in the Appalachian region in the years
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ahead. ULarge supplies of limestone suitable for many industrial purposes are
available in a number of Kentucky's Appalachian counties, but they are not

evenly distributed over the whole area. Knowledge of the geographic distribution
and dimension and attitude of limestone deposits will provide a basis for fuller
development of the resource. Proper utilization of this resource should provide

considerable savings to major construction projects.
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THE GEOLOGY OF CONSTRUCTION SAND AND GRAVEL RESOURCES OF WEST
VIRGINIA

Thomas Arkle, Jr., Economic Geologist and Samuel M., Brock, Jr., Geologist
West Virginia Geological and Economic Survey
Morgantown, West Virginia

Introduction

In this study, 191 samples were collected from alluvium, residuum, and
bedrock at 178 sampling sites. In addition, test results of 72 samples from

The Inventory of Highway Aggregates by Seeger and Kent were incorporated

in the study. The conclusions of the study are based on 246 alluvial samples,
2 residual samples, 1 sample of talus and colluvium and 14 samples from ortho-
and proto-quartzites (sandstone). Seventy-three percent of alluvial samples
were of fluvial origin; the remainder were of glaciofluvial origin. The
quality of 207 samples was determined and petrographic studies of 13 glacio-
fluvial, 19 fluvial and 13 sand (crushed from sandstone) samples were made
(Figure 1).

Samples were collected from terraces and bedloads of all major
streams of West Virginia and from clean-washed sandstones, believed to be
suitaBle for the manufacture of construction sand, The State Road Commiss-
ion conducted quality tests on the samples as received and the staff of the
West Virginia Geological Survey performed petrographic analyses to deter-
mine the mineral content, condition of the constituents, viz., good, fair
or poor, and the roundness or angularity of flat, equidimensional and

elongated shapes.
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p. 09

~ LOCATION OF SAND AND GRAVEL
SAMPLES ANALYZED TO DETERMINE
WEIGHTED COMPOSITION AND
PARTICLE SHAPE

MILES

Figure |

In this report, alluvial sand and gravel are unconsolidated materials
resulting from the natural disintegration of rocks and sand and gravel processed
from friable sandstones or weakly bound conglomeratic sandstones (ASTM designa-
tion C125-66). Sand (fine aggregate) is & 3/l6-inches in diameter (-4 mesh,

4.76 mm,) and gravel (coarse aggregate) is>3/16 inches in diameter. Although
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the upper limit of gravel sizes for most commercial purposes is less than
3% -inches in diameter, deposits of gravel with sizes up to 6-inches in
diameter were representatively sampled. No attempt was made to sample
deposits with sizes greater than 6-inch in diameter. Since it would be
necessary to crush and prepare these coarse materials for use in construc-
tion, a study of materials coarser than 6-inches in diameter would more
logically be included in a study of aggregates crushed from sandstones than
in a sand and gravel study.

The stratigrapﬁic sections of alluvium, containing samples, were
measured, the areal extent of the deposits (inferred and possible) were
measured on aerial photographs and topographic maps with a planiméter, and

the possible reserves of the deposits computed in cubic yards.
Geology

Alluvial sand and gravel are being or have been transported by water
and are classified in West Virginia as either (1) glaciofluvial, or (2)
fluvial deposits on stream bottoms, floodplains or terraces. In addition to
these principal sources of sand and gravel in West Virginia there are (3)
residual sand on sandstone and friable sandstones, and (4) talus, rock
slides and colluvium containing matefials < 6-inches in diameter along
steep hillslopes recognized as prospective sources.

Alluvial sand and gravel occur together and are variably proportion-
ed from deposit to deposit. Since depoéits range from sand to entirely
gravel sizes, it is impossible to give empirical physical and chemical

definitions. The diversely mixed materials represent the resistant residues
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of various rock types encountered in entire drainage basins. They are subjected
fo a combination of disintegrating forces, chiefly the mechanical action of
streams, rain, freezing and thawing,wthe dissolving action of acid and alkaline
waters and, as in the case of the Ohio River deposits, an additional factor, the
influence of glaciation.,

The topography of West Virginia reflects the differential resistance of
massive sandstones to the softer rocks and the geographic arrangement of the rocks
by local structures. An additional more subtle topographic influence is: the
Pleistocene glaciation which extended south as far as central Ohio and Pennsylvania
but left West Virginia entirely unglaciated. The realignment of the ancestral
drainage to the present dfainage system and the periglacial influences profoundly
affected the stage of stream and surface development of West Virginia. These
diverse geological activities have contributed to the development of several
indistinct cycles of erosion and deposition of alluvial deposits (clay, sand and
gravel) during the long erosional period since the final deposition of Paleozoic
sediments.

The petrographic and physical characteristics of sand and gravel samples
from streams reflect the differences in the stratigraphy, structure and relief --
the geology -~ traversed by the various streams. Since the general geology of
the State has been known for nearly a century, the petrographic characteristics
when taken in conjunction with quality tests pinpoint deficiencies in deposits for
use as aggregates in construction and make possible a more realistic evaluation
of the alluvial samples. There are decided petrographic differences, if glacio-
flucial material from the Ohio River Valley and fluvial materials from the
streams of the Valley and Ridge and the streams.of the Appalachian Plateau

Provinces are compared,




Arkle and Brock 107

The study of the character and reserves of sand and gravel deposits
of West Virginia is timely because of the limited reserves of Ohio River
sand and gravel adjacent to a large central belt of sandstones associated
with the coal producing section of central and western West Virginia. This
belt of sandstones is bounded on the east by belts of limestone with unlimited
reserves of rock materials suitable for aggregates and on the west by the
Ohio River which has a limited reserve of aggregates of sufficiently coarse
gradation confined to its northern reaches. Fortunately, the sand and gravel
industry of the Ohio River is served by navigable streams, the Chio, Monon-
gahela, and the Kanawha Rivers, which traverse the broad sandstone aggre-
gate belt upstream to Fairmont and Charleston in West Virginia. The
ODhio River traverses similar areas in eastern Ohio, southwestern Pennsyl-
vania and northern Kentucky.

All streams of West Virginia with the exception of those forming the
Potomac Drainage and Potts Creek, a headwater tributary of the James River
Drainage in easternmost Monroe County are tributaries of the COhio River. The
leposits of all streams are indigenous to the Appalachian Plateau and Valley
and Ridge Provinces of West Virginia with the exception of the Ohio and New
ivers, through flowing streams in north-south and east-west directions. The
leposits of sand and gravel of all streams are composed largely of sand-
stone debris, the rock most resistant to physical and chemical disintegra-
tion. The Ohio River's deposits are dominated by debris from extrabasinal
sources eminating from the ablating glaciers during the Pleistocene and
the New River's deposits were derived in part from debris from the Valley
and Ridge and Blue Ridge Provinces of West Virginia, Virginia and North

Jarolina. Deposits with similar petrologic characteristics and of similar
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quality are grouped together and discussed under deposits of the Ohio River,
deposits of streams of the Valley and Ridge and Blue Ridge Provinces and

deposits of streams of the Appalachian Plateau Province (Figure 2).
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Ohio River Deposits. =- The development and deposits of the Ohio River

Valley were influenced by its proximity to continental glaciation during

the Pleistocene. The valley trench, cut earlier, was aggraded with deposits
over 100 feet thick by glacial debris from extrabasinal sources entering

the headwater streams in the Ohio Watershed. The filling of the Ohio Valley
dammed the tributary streams flowing from unglaciated areés into the Ohio
River. During the damming, clays, silts, sands and some gravels, derived from
intrabasinal sources, filled the Monongahela Valley upstream to Morgantown;
the Little Kanawha Valley upstream to Grantsville; the Kanawha Valley upstream
to Charleston; and other smaller tributaries.

The erosion of bedrock along the Ohio Valley has not progressed far
enough for development of a well-defined valley flat on both sides of the
river. As the Ohio River lowered its valley in fill material, it left a
series of teryaces clustered at various levels on the slip-off slope of
meanders. On the opposite side or on the nip of meanders, the river is
presently removing narrow terraces and is impinging on steep bedrock hill-
slopes. At the present time, the river is flowing on a thin veneer of
alluvium above bedrock over most of its course. At a few places, the river
is flowing on bedrock forming rapids or falls as at Letart Falls.

A large reserve of fine- to coarse-pebble and fine-cobble gravel is
present in terraces, islands, banks and bedload in the bottom of the Ohio
River. The cobble gravel sizes are restricted generally to the northern
reaches of the river. The gradation of gravel sizes diminishes perceptibly
downstream although gravels of boulder size are observed in terraces as far
south as Clifton, West Virginia. The boulders are usually of local derivation

but igneous and metamorphic varieties are occasionally observed. The sand
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and gravel industry is dredging long stretches of the river bottom, banks and
islands of the river. Smaller tonnages of sand and gravel are contributed
annually by operators mining in small pits, located on the terraces. The sand
and gravel on terraces above recorded high water-level, delineated generally
by railroads, improved roads and plant sites, have been largely preempted by
residential and industrial sprawl. The future prospective reserves of sand and
gravel are restricted to the terraces in the zone between high-water level and
the pool stage. The pool stage of the Ohio River is being raised with a general
plan for replacement and modernization of existing navigational structures by
the U. S. Corps of Engineers.

Sedimentary (fine- to medium-grained sandstone and limestone) plutonic
@ranite and quartz) and metamorphic (gneiss and quartzite) rocks from extrabasinal
sources contribute greatly to the usual quality of the immature sand and gravel
of the COhio River, Chert, a mineral of dubious value in construction is derived
glaciofluvially along with the other minerals and rocks. In addition, the local
rock section contributes smaller although varying percentages of rock material
such as sandstone, shale, clay, coal, ironstone and silt and fine- to medium-
grained quartz. Generally the quartz is indistinguishable from similar
materials of extrabasinal origin. The gravel fraction contains over 60 percent
rounded, flat and equidimensional shapes and the sand fractioﬁ is principally
angular equidimensional shapes.

The quality of sand and gravel dredged from the Ohio River is satis-
factory after processing for most construction uses as long as the gravel is
sufficiently coarse to meet grading specifications. Sand (fine aggregate),

normally a co-product or by-product of gravel production, is in plentiful supply

in the dredging operations on the Ohio River. Much of the sand in sand deposits
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is more finely graded than the sand fraction associated with gravel and
will not meet the size specifications for concrete sand.

Deposits of the Stréams of the Valley and Ridge Province. - The streams of

the Potomac Drainage, with the exception of the headwaters of the North
Branch upstream from Keyser, the Greenbrier River and eastern tributaties,
drain and derive sand and gravel from the rocks of the Valley and Ridge Pro-
vince of West Virginia and Virginia. The deposits in the upper section of
the New River in West Virginia are derived principally from the Valley and
Ridge and Blue Ridge Provinces of West Virginia, Virginia and North
Carolina.

The drainage of the streams of the Valley and Ridge -‘Province is arranged
in an angular or trellis pattern owing to the systematic folding and the order-
ly development of the valleys in softer shales and limestones and ridges of
resistant sandstones. The main streams generally follow the structures and
meander in fairly wide valleys 10 to 20 feet below well developed floodplains.
Terraces are developed at various levels above floodplains and serve as
sites for.the location of residential settlements and small municipalities.
At several points the streams leave the valleys and cut through narrow water
gaps across anticlinal structures and linear ridges of resistant sandstones
so characteristic of the Valley and Ridge Province. These sandstones are
the source of the pebble to boulder gravel deposited as bedload on the slip-
off slopes of meanders, in islands and at the confluence of major tribu-
taries with master streams. Small deposits of pebble to boulder gravel in
clay and scattered gravél are present on terraces.

Practically all the hillslopes in West Virginia with the exception of

limestone terrain have some sandstone debris strewn along steep slopes. The
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slopes of the Valley and Ridge Province are strewn with a great abundance of
pebble to cobble gravel derived from the steeply dipping overturned resistant
sandstones. The name 'rock streams' aptly describes the manner in which the
material in thick accumulations moves along undulating surfaces or coves at the
heads of ravines and streams and finally debouches as fairly well-rounded gravel
in alluvial fans at cbnfluences with master streams. Some residual and colluvial
sand, clay and rock debris also accumulates on the more gently dipping sandstones
of the east limbs of the anticlines.

The areal extent of gravel in any deposit is small but the total reserve of
bedload gravel in long stretches of streams is large. Little use has been made
of the gravel deposits of the Valley and Ridge Province because of the abundant
reserve of limestone brought to the surface along the sharp anticlines of the
area. A small amount of pebble to cobble gravel has been crushed for road
construction along the South Fork and the South Branch of the Potomac River. Some
construction sand has been separated from residual and colluvial clay and rock
debris by washing and screening. Residual sand and colluvial clay, sand and
gravel have been blended and used locally in the construction of soil cement or
other type of stabilized base material.

The sand and gravel of the streams of the Valley and Ridge Province are
of fluvial origin, are derived entirely from intrabasinal sources and are
largely the resistant sandstones of the area. The gravels approach 50 percent
flat and equidimensional rounded shapes. The predominance of flat over equi-
dimensional shapes depends on the bedding characteristics of the source rocks.
Gravel from the Oriskany, Tuscarora and upper part of the Juniata sandstones

are equidimensional shapes and gravel derived from the thin-bedded sandstones

of the lower part of the Juniata, Clinton and Upper Devonian are flat shapes. Many
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gravel deposits in West Virginia have at least a trace of elongated shapes
but the gravel deposits of the_Valley and Ridge Province have measurable
quantities of elongated shapes. Deposits of quartz sand are not common
along the streams of the Valley and Ridge Province. Finely graded quartz
sand deposits were observed along the New River, The sand fraction,
associated with.gravel deposits, is usually small and contains a high per-
centage of shale sand. The deposits on terraces are composed of gravel em-
bedded in a matrix of fine sand, silt and clay.

Soundness and Los Angeles tests show that the gravels of the Valley and
Ridge Province are of fair to good quality. They are coarsely graded and would
require crushing and screening to meet the grading specifications for coarse
aggregates. The gravel deposits on terraces would require crushing and screen-
ing to sizée and extensive waéhing to remove the coating of clay and silt. After
processing, it would be necessary to blend fine aggregates, possibly silica
sand, crushed from sandstone, with the gravel fraction to compensate for the
poor quality and paucity of natural fine aggregates associated with the
gravel,

Deposits of Streams of the Appalachian Plateau Province. - A complex den-

dritic drainage has developed oﬁ the flat-lying rocks, composed of alternat-
ing lenticular beds of sandstone and shale associated with coals, clays and
thin limestones of Pennsylvanian and Permian age of the.Appalachian Plateau
Province. The streams meander in eﬁtrenched valleys and have developed
picturesque gorges across the resistant sandstones of the Pottsville Group
of northern West Virginia and the sandstones of the New River Formation,
Pottsville Group,of southern West Virginia. The streams are narrow and are
fringed with narrow floodplains of fine- to medium-grained sand, silt and

clay on the slip-off slopes of meanders and at the confluences of major
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tributaries., Limited and thin deposits of coarsely graded angular to rounded

pebble to cobble gravel, becoming more finely graded downstream and some fine-

to coarse-grained sand are present as bedload in the channels and in small islands.,
In the downstream portions of the streams, the gradients decrease to around 2
feet per mile, the channels widen and streams meander broadly. Bedloads of sand
and gravel give way to deposits of fine-to medium-grained sand. The sand content
in floodplains increase in the lower reaches &f the southern streams such as the
Kanawha, Elk,Coal, Guyandotte and Big Sandy-Tug Fork Rivers. The floodplains of
the lower reaches of the Little Kanawha River and the Monongahela River in West
Virginia are composed of fine sand, silt and clay. Gravel deposits of limited
areal extent were observed on terraces a few feet above the floodplains on the
eastern tributaries of the Monongahela Drainage of the Allegheny Mountain Sec-
tion (subdued Valley and Ridge type structures) of the Appalachian Plateau
Province. These streams, the Cheat and Tygart Rivers, have a bedlcad of sand

and gravel and low-lying terraces with gravel of limited areal extent embedded

in a matrix of fine sand, silt and clay. High-level terraces (» 100 feet above
pool stage), cut during earlier drainage changes of the ancestral Monongahela,
Little Kanawha and Kanawha Rivers, are the sites of alluvial clay, silt, sand

and some gravel deposition of intrabasinal origin. These deposits resulted

from the aggradation and subsequent damming of the main lines of drainage dur-
ing continental glaciation in Central Ohio and Pennsylvania during the Pleisto-
cene,

The sandrand gravel deposits:of the streams of the Appalachian Plateau
Province are derived entirely from intrabasinal sources and reflect the more
resistant rocks, principally varieties of sandstone, traversed by the streams.
An ample source of materials from numerous nearly flat-lying sandstones contain-

ing shales, thin coals, clays and minor quantities of limestone provides thin

_
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discontinuous bedload deposits laid temporarily on the slip-off slopes

of meanders, in islands, and at the confluence of major tributaries with

115

the master stream and are awaiting transport farther downstream. At present,

sand and gravel deposits are used in the maintenance of roads, secondary
roads and streets and for fill material. Selected materials are used for
the construction of road base along the Cheat River, Numerous small sand
plants have sporadically pumped sand from the bottom of the Elk,.. Coal,
Guyandotte -and Big Sandy-Tug Fork Rivers. Some plants recover coal sand
and gravel for sdle. Co-product or by-product fine- to medium-grained
sand is sold for traction sand and for local mortar and concrete.

The resistance of the exposed rock along with local stream character-
istics influence ﬁhe quality of the gravel which ranges from entirely poor
to less than 50 percent in the good condition. The gravel deposits are
coarse and poorly graded in the upstream portions of higher gradient and
the shapes of the gravels are influenced somewhat by the distance of trans-
port and the bedding characteristics and weathered condition of the source
sandstone. The sand fractions, associated wiﬁh gravel, are a small per-
centage of the coarser gravel deposits and are coarser grained than the
sand in sand deposits. The coarseness of the sand fraction of gravel de-
posits is attributed to aggregates of sand in a fair to poor condition
in the northern streams and goal, carbonaceous shale and aggregates of
sand in the poor condition in the southern streams. As sand deposits
become finer grained, the quartz econtent increases and the sand improves
in quality. 1In the lower reaches of southern streams large quantities of
sand derived from masses of fine-to medium-grained sandstomes, cemented

with siderite and other carbonates, are deposited as bedload and underlie




116

the floodplains. With the exception of coal, the sand deposits lack the 48,

+16 and +30 mesh fractions required for the gradation of concrete sand. Coal
gravel and coal sand is a ubiquitous constituent in the sand and gravel deposits

of the southern streams, viz., Elk, Coal, Guyandotte, and Big Sandy-Tug Fork

rivers.

Although the reserves of sand and gravel at any deposit are small, there is
a large total reserve of sand and gravel along the streams of the Appalachian
Plateau Province. Some deposits are suitable for use as fill material and in the
construction of road base. Sand deposits may find use in mortar.

Construction Sand from Sandstone. - High-silica sandstones of Lower Pennsylvanian

to Silurian ages are prospective sources of silica sand (fine-aggregate) for use
in concrete and mortar in West Virginia provided the sandstones are friable
enough for separation to discrete grains,

Minable thicknesses of the Pottsville of Pennsylvanian and the Berea of
Mississippian ages are medium- to coarse-grained with lenses:of fine pebble gravel
in Preston, Tucker, Randolph, and Pocahontas counties. - Selected units of these
sandstones are suitable for concrete sand after crushing and processing. The
Pottsville sandstones become medium-grained and lose pebble gravel as they pass
below drainage in Monongalia, Taylor, Barbour, Upshur, Nicholas, Fayette, Green-
brier and Raleigh counties. Friable units of sandstones in these counties are
suitable for use as mortar sand after crushing and processing.

The Stony Gap and Droop sandstones of Mississippian age of southern West
Virginia and the older Devonian and Silurian sandstones, the Oriskany, Healing
Springs, Keefer and Tuscarora, of the Valley and Ridge Province are fine- to
medium-grained tightly cemented sandstones with thin Zones of fine pebble and
gravel. Local deposits of residual sand on these sandsﬁones and friable zones

are suitable for use as mortar sand.
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The Pennsylvanian and Mississippian quartzose sandstones are con-
sidered mature mineralogically but their angularity and fair sorting class-
ify them as immature fluvial deposits. The high-silica sandstones are
composed mostly of angular equidimensional grains of quartz and quartzite
which are cemented to various degrees of induration with quartz. Occasiénal
fragments of other rock types are present, e.g., a variety of the more
resistant sedimentary rocks such as sandstone and chert, a minor quantity
of clay and micaceous minerals, and trace amounts of a ubiquitous suite of
fine grained heavy minerals, viz., zircon, leucoxene and tourmaline. The
coarser fractions of sand are more highly rounded than the finer fractions.
Occasional dust rings, outlining grains in thin section, indicate that a
larger percentage of grains were rounded originally than are evident.
Etching of coarser grains and secondary crystal growths in optical continuity
with original grains are common.

Locally the sandstones vary in induration from friable to ortho-
quartzitic., The efficiency of breaking the weakly bonded aggregate is an
important technical problem in the preparation of sandstone for use as mortar
and concrete sand. The difficulty of crushing high-silica sandstone into
discrete grains condemmns deposits as prospective sand sources, The fine-
ness moduli of many of the samples are slightly lower than the fineness
moduli recorded in the physical tests because the size distribution of the
latter more nearly represents the discrete sand sizes before induration.

The fineness moduli of the sandstone samples, reduced to discrete grains,
range from 1.42 to 2.05 and the conglomeratic sandstomes from 2.61 to 4,36,
The percentage loss of fine aggregates, recorded in the soundness test,
increases in proportion to the quantity and friability of the aggregates

of sandstone in the sample.
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Conclusion

Petrographic examination and quality tests of sand and gravel samples
verify that sand and gravel from the bedload and terraces of the Chio River are
suitable for a variety of construction uses after preparation. Similar studies
of the gravel of streams of the Valley and Ridge and the Allegheny Mountain Sec-
tion (Cheat and Tygart Rivers) of the Appalachian Plateau Proviunces indicate that
the gravels could be processed and blended with coarser processed sand from sand-
stones for many Portland Cement concrete and asphaltic concrete uses. Thelsand
and gravel deposits of the remainder of the Appalachian Plateau Province are
available in many instances for use in construction of shoulder and base for
roads and in secondary road and street maintenance. The coarser bedload and
high-level terrace sand deposits appear suitable for use in mortar and as engine
sand and fine-grained sand for use as filler,

At the present time, however, specifications for aggregates are becoming
increasingly stringent. The need for continuing study of the methods of pro-
cessing:agglomerafing and utilizing the little used marginal deposits of sand and
gravel along the streams of West Virginia should continue as a means of supple-
menting the Ohio River deposits which are being depleted or preempted by resi-

dential and industrial sprawl.
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FOREWORD

On behalf of the National Steering Committee the sponsors of
the 19th Annual Highway Geology Symposium welcome you to West
Virginia. We hope this field trip will prove to be stimulating and
interesting. Our problems in highway construction are not unique but
in turn provide a spectrum of situations inherent with our varied
geology and terrane. The trip deals with construction problems in
areas of incompetent bed rock, unconsolidated deep glacial lake
£f111, and mined and unmined coal seams lying above, below, and at
or near road grade. The State Road Commission was fortunately, for
our purposes, able to pinpoint all of these adverse conditions along
a short stretch of Interstate 79 now under construction south and south-
east of Fairmont, West Virginia.

The field trip was planned pfincipally by the State Road
Commission represented by Berke L. Thompson, Assistant Director,
Materials Control, Soil and Testing Division. The geologic setting
was provided by Alan C. Donaldson, Associate Professor, Department of
Geology. A committee under the chairmanship of Robert B. Erwin,
Assistant State Geologist, developed the meeting program.

Please enjoy and profit from your stay with us.

Paul H. Price, Chairman
1968 Highway Geology Symposium

Morgantown, West Virginia

May 17, 1968



INTRODUCTION

The Morgantown=Fairmont area is characterized mainly by
Pennsylvanian-aged terrestrial sandstomnes, siltstones, shales, and
coals and very minor marine shales and limestones of the Allegheny,
Conemaugh, and Monongahela Groups. (Figure 1). The shales are
especially weak and susceptible to failure. The sandstones and silt-
stones are lenticular and discontinuous and are inconsistent in
thickness. Mine voids especially below road grade but also above or
near grade present special problems. Thick Pleistocene lake de-
posits, mainly clays, silts, and sands, present special fill and cut
slope problems,

The trip begins with a detailed resume’ of local stratigraphy
(STOP 1) and continues with a look at an active tandslide (STOP 2),
both in Morgantown. Then, along a short stretch of Interstate 79
near Fairmont (approximately 16 miles to the southeast) stability
of thick Pleistocene lake deposits (STOP 3 and 5) is considered
along with the treatment of cut slopes where coal is encountered
above grade (STOP 4) and design methods when mine voids are encounter-

ed below grade (STOP 6) and at or near grade (STOP 7.
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Generalized Section of Rocks in Appalachian‘Plateau.







4
ITINERARY
Mileage Distance
0 0 Depart TWIN TOWERS, EVANSDALE CAMPUS.
.9 .9 STOP #1: BOULEVARD SECTION, MORGANTOWN, CONEMAUGH
EXPOSURE,
Follow State Route 73 and Green Bag Road.
7.0 6.1 STOP #2: TYPICAL SLOPE FAILURE IN A GLACIAL LAKE DEPOSIT
IN WEST VIRGINIA (Field Trip Party Will Not De-

bus)

Follow Green Bag Road, State Route 73 and local
Service Route 31 to Fairmont, then to Interstate

79.

26.3 19.3 STOP #3: FOUNDATION TREATMENT AND CONTROLS UTILIZED FOR A
FILIL OVER DEEP ANCIENT GLACIAL LAKE DEPOSITS.
Follow I-79.

27.2 0.9 STOP #4: A TYPICAL TREATMENT OF CUT SLOPES WHERE COAL IS
ABOVE GRADE,
Follow I-79.

28.1 0.9 STOP #5: A CUT SLOPE DESIGN UTILIZED IN SOIL DEPOSITED
BY GLACIAL LAKES,
Follow I-79.

29.9 1.8 STOP #6: A DESIGN METHOD FOR ROADWAYS WHERE COAL HAS BEEN

MINED BELOW GRADE.

35.1 5.2 Follow I-79 to end.
Follow State Route 73.

41.1 6.0 Site of o0ld mine fire and settlement of Route 73.
Continue on State Route 73 to Ramp of I-79.

41,6 0.5 STOP #7: A DESIGN METHOD FOR ROADWAYS WHERE COAL HAS BEEN
STRIP-MINED AND DEEP MINED AT GRADE.

6l.6 20,0 Return to TWIN TOWERS, MORGANTOWN, via I-79,

Local Service Route 31 and State Route 73.




STOP 1:

BOULEVARD SECTION, MORGANTOWN, CONEMAUGH EXPOSURE

An excellent exposure of approximately 300 feet of sedimentary
rock representing the middle part of the Conemaugh Group
(Pennsylvanian age) can be observed here. The Section occurs
along the steep valley slope bordering the Monongahela River
between the railroad track and the Engineering Science build-
ing of West Virginia University. A generalized profile and

description of the rocks in the Boulevard Section are present-

ed in Figure 3. The rocks strike approximately N 30 E and
dip 3° W.

The beds exposed in this section were deposited 325
million years ago as deltaic and shallow marine sediments.
The sediments were transported seaward from an eastern land
source. The sediments were transformed into rocks when they
were buried by additional sediments and subsequently uplift-
ed and slightly flexed during mountain building time about
300 to 200 million years ago. Streams flowing across this
newly developed land reﬁoved tons of rock and carved out our
present hilly landscape. 1In relatively recent times, less
than 1 million years ago, glaciers blocked the northward
flow of the Monongahela River near Beaver Falls, Pennsyl-
vania, causing a natural lake to develop. Varved clays and
sands accumulated in this lake. Removal of the ice dam and
diversion of the Monongahela River into the present Ohio River

resulted in deepening of the river valley. A river terrace
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STOP 2:

and flood plain are relatively modern additions to the area

by the river.

Differential weathering results in overhangs of sandstones

‘which eventually fail along joint planes. The shales and under-

clays are the most plastic rocks in the sequence. Ground-water
movement is predominantly joint controlled because of the low
permeability of the argillaceous sandstones, limestones, and
shales. The clays deposited in Lake Monongahela and the more
recent river terrace are the least stable earth material in the
area. At the southern end of the road cut near the Esso
Station (perhaps within view of some observers here) evidence
of multiple slides of colluvium, principally composed of red
shale, is apparently related to the removal of the terrace

deposits and colluvium.at the toe of the hill at road level.

TYPICAL SLOPE FAILURE IN A GLACIAL LAKE DEPOSIT IN WEST

VIRGINIA. (Field Trip Party will not debus)

Green Bag Road was originally constructed by a local
firm as a short access to one of their plants. The road be-
came a part of the State Road System in 1962.

The shallow cut near the intersections of Local Service
Routes 64 and 81 exhibited instability in 1963 and was
corrected by placing a rock buttress in the cut slope. During

the investigation for this correction the boring program




revealed the existence of a deep soil overburden believed to
be one of the terrace deposits of ancient Lake Monongahela
which existed during the Pleistocene Epoch.

The original correcfion apparently stabilized the shallow
failure, however, additiomal movement of a much larger magnitude
was observed in 1967 adjacent to this area. Tension cracks
appeared some 370 feet from the edge of the roadway and the land
owner reported distress in his farm buildings.

In order to fully study the slide, two observation wells
which would accomodate a '"slope indicator", an instrument for
measuring horizontal ground movements to aepths up to several
hundred feet, were installed to locate the slip plame. Addi-
tional borings were performed along with a seismic and
electrical resistivity survey. One of the wells was located
some 300 feet from the edge of the roadway in the upper mid-
portions of the slide. Movement was recorded at all depths
indicating that the slip plane is apparently near the rock
line,

The study found that a much larger soil mass was moving
than that observed in 1963. 1In fact, it was apparent that
the soil mass which extended some 700 feet from the edge of
the roadway up the hillside was also potentially susceptible
to movement.

The accompanying cross section (Figure 4) at station

2409 shows that the natural ground lays on an approximate
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- STOP 3:

10

five horizontal to one vertical. The soil first exhibited

its inability to resist the local stresses that were produced

- within the cut slope when the roadway was originally con-

structed, These stresses were acute but merely indicated that
the constructed slope was too steep for the material. The
more recent failure is attributed to lateral support and to
ground water conditioms.

Several methods of correction were studied such as,
drainage, unloading the head of the slope, construction of a
counter balance, chemical stabilization, etc. The estimated
cost of correction is of such magnitude that it is difficult
to recommend any one or a combination of several as a means
of fe—establishing stability due to the type of public

facility involved.

FOUNDATION TREATMENT AND CONTROLS UTILIZED FOR A FILL OVER

DEEP ANCIENT GLACIAL LAKE DEPOSITS,

The decision to locate I-79 as shown in Figures 2 and
5, over this alignment was the result of extensive soil
and geologic studies and a éomprehensive boring program both
in this area and in the adjacent valley to the east known as
Pleasant Valley.

The geologic occurrence of ancient lake deposits was
discovered by the boring program for an alignment which had

been proposed on the eastern hillside of Pleasant Valley. 1In
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12

order to determine the rock soil contact and stability of two
large fills the proposed foundations were saturated with auger
borings. Two cross sections (Figure 6) and a plan view con-
taining contours on both the ground surface and top of rock
(Figure 7) were prepared which indicated the probable deposition
of the lake deposits in these locations. It was soon apparent
that to cross the deposits in any other alignment than the one
adopted would require extreme remedial measures to satisfy
stable cut slopes and fills, The boring and geologic program
produced evidence that thick deposits consisting of wet clays,
sands, and residual soil blanketed the hillside and valley
floor (Figure 8). These sediments were found between eleva-
tions 945 and 1125 feet. The sediments Wefe attributed
to ancient Lake Monongahela,

All alignments studied that were apparently possible
had to cross the lake deposits. The one chosen crosses
these sediments in the most advantageous manner as it crosses
normal to the valley rather than at an angle which would
create sidehill fills and cuts.

The design of the fill followed normal design for
fills constructed on compressible matérials in West Virginia
in that it required that the bottom five feet of the embank =
ment be constructed of permeable rock fill.

The following requirements which were recommended by the

soils constiltant retained by the prime design consultant were




| I I I T ] i ] ] 1
oov Oce obe 09l o8 (0] 08 09I o2 ozce

-fo1TEA 3ueseald o o2dofS uIdISEF JO SUOTIIS sso1) "9 WAMOILA

,08= ] :37voS _
b-b uoI303S x\l\|llll\lllll\l\lll|\l|\|l|ll|ll+
1
086 . ] . o l_
AVTO NMoME —————— —
t - - - '
. AZTIVA INVSVY3id
AVIO AwH TIVM AR TIVA LSVY3
= S3NIM ¥3LN3D d3SOdONd
- A¥v3
— —
0901 — — T
—— — __ $9°03S
o — INIT ¥3IN3D
—_ Q3ISOd0Md
\\
086 ,8-8 uoipeg _ AGT5 AvdD
! 1 AVTO NMONE
! _ b~V FMOEE = -
—— i
. wr \~\
—_— ]
090l _ 37d
AN - ATTIVA LNVSY
rmore _\T._Ss AFTIVA LSV
- ANIT §3LN3ID d3S0d0Nd
_— +9°03s ' _ NI E]
e 3N YIINID
e gIsodoud &




*A97TeA Juesed[d UTI /-1 10F s3uriog Jo del YoI9S /[ TANDIL »

o
T T T ANMMO0H QALVYNILS3

AT 90y
'A313 30ovauns T
0] SONI¥og \ T —s2y_
. .|\l|.-/|\\| —
- -

»9°03S

ANIT ¥3LN3D
a3s0doyd

AO0Y 40 dO4 = NOILVYA 313 ONIHO8 NIAID
310N

- l\ ATTIVA LNVSVId
TIVM AITTVA LSY3
S3NITHILNIO d3S0d0Nd
ANY3




15

adopted. A rate of loading was specified for both the main-
line and route 64/2 in this area. The construction should be
halted when the embankment reached elevation 1055 feeﬁ, When
reaching this elevation, a four months waiting period was
specified after which construction of the embankment was limited
to twelve (12) feet of fill per month. In order to determine
if excessive pore pressure due to loading by the embankment
was developing during construction on the underlying lake
deposits seven (7) piezometer devices (Figure 9) were ihstalled
at various elevations in the lake deposits (See Figﬁres 5 and 8).
A pore pressure of two (2) toms per square foot was designated
as the critical equivalent stress and all operations were to
cease should this pressure be exceeded. Ten (10) settlement
plate sites were designated in order to determine if the
predicted settlement was actually taking place.  Also slope
stakes were recommended to the left of centerline to provide
early warnings of loss of slope stability.

Piezometer readings never reached the critical value
designated although one site, 'Number 7, increased up
to 400 days before a pressure peak of .85 tons per square
foot was reached. No distress had been noted in the slope
stakes indicating that the design was apparently successful
in preventing a base failure. Because the sand and clay

layers apparently lens and pinch dut in a horizontal direction,
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it wa.s difficult to predict the time required for settlement;
however, there has been 9.6 inches of settlement indicated
by the settlement plate at station 405+50 which represents
32 percent of that predicted. There has been an overall
average of 26 percent of settlement of that predicted by
consolidation tests to date,

Two interesting points should be noted concerning the
geology of this location; one is the depth of the sediments
in the valley, they were found to be some twenty-seven (27)
feet lower than any other lake sediments in the area and the
upper limits appears to be some ten (10) feet higher than
found in earlier studies of the lake deposits, and second,
the valley which is filled was apparently the outlet of a
stream or river running through Pleasant Valley. The

major drainage for the valley presently runs in the opposite

direction.

A TYPICAL TREATMENT OF CUT SLOPES WHERE COAL IS ABOVE GRADE,

During the design of the slopes for this project the
problem arose as to a method of closing the openings left by
deep mining of the Pittsburgh coal which is here above grade.
It was imperative that an economical method be found to close
and drain these openings because of the wide-spread nature of

the problem here and on other projects.

18
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Several methods were proposed such as sealing with
block or concrete walls, filling the opening with rock and
shooting the openings closed. It was difficult in the design
phase to determine the overall extent of the openings, the
-amount of collapse, the orientation of room and entries to the
slope, and the accuracy of the available records of some of the
mines to be encountered. None of the above proposed methods
were adopted.

The method adopted as indicated by Figure 10 proved to
be the most economical, required little maintenance and pro-
duced a very pleasing and aesthetic design. The design
incorporated a bench at the ‘bottom of the coal normally twenty
(20) feet wide and required back filling to a minimum of four
feet above the top of the opening with random material.
Normal compaction specifications were required for the placing
of the material on the bench. The material was placed
similar to the other benches with an outer slope of two (2)
horizontal to one vertical and the top was sloped fifteen
(15) horizontal to one vertical toward the roadway so that
run off would not enter the opening. Soil slopes were used
to attain adequate compaction, to deter settlement, and to
insure strength. Underdrain was also incorporated in the
openings in those areas where the dip of the coal was toward
the roadway. The extra footage above the opening was provided

in order to combat settlement and the reappearance of an opening.
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STOP 5:

21

There are several areas where this method has been utilized

on this project including the one on the right slope, all

have performed satisfactorily. On some of the later designs
Select Rock Fill has been designated. This material which is
normally the best rock from the excavation but does not re-
quire acceptance testing, provides a drainable material and
thus alleviates the danger of problems that might arise should
the drainage conditions behind the slope change at some future

date.

A CUT SLOPE DESIGN UTILIZED IN SOIL DEPOSITED BY GLACIAL

LAKES

One of the early problems encountered both in design and
construction of this project was the slope design through
the ancient Lake Monongahela deposits. The original construc-
tion through this area was for two lanés of future four lane
roadway and it was soon apparent that the silty deposits be-
came quick due to frost, ground water and pore pressure.
Fortunately, the original design of the roadway never reached
completion because of the addition of this section into the
Interstate System. The subsequent additional time allowed for
a more detailed study of the problem and the design which
can be seen. The deposits were laid down on an irregular
erosional surface making it difficult to predict the soil-
rock contact, Numerous auger borings were taken (Figure 11)

for the purpose of defining the soil-rock contact moisture






23
content, .and strength and type dnd distribution of the material
during the inveétigation for the four lane facility. Addition-
al borings were required due to alignment and grade changes.
These borings along with those taken during the initial study
provided adequate information for the stable design (Figure
12),

The deposits had layers of sand, silt and heavy clay.
The clays acted as impermeable barriers for vertical flow
of ground water thus the deposits contained almost a uniform
forty percent moisture content. The clays were both very wet
and weak in their natural condition.

The original design for the soil slopes for the two lane
facility were on a two (2) horizontal to ome (1) vertical
and the slopes in the shale were on a three-quarter (3/4)
horizontal to one (l) vertical. Due to the fact that the
initial borings were for the four lane facility at a different
grade some of the shale slopes were found to be in soil. After
the slopes had lain through the first winter during construc-
tion, it was apparent that the angle of repose for the material
even when on the two (2) horizontal to one (1) vertical was too
steep for the inherent conditiqns. The final design incorporated
a bench at the soil-rock contact with a three (3) horizontal
to one (1) vertical through the deposits with immediate seeding

to deter erosion (Figure 12).
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STOP 6:

25

The roadway across the river was at grade in a similar
deposit. The depth of the unsuitable material below sub-
grade varied from 0 to 13 feet which was uneconomical to
remove to the soil-rock contact. It was éonsidered unsuit-
able due to the silt and moisture content. The deposit was
so wet and quick that normal construction equipment could not
operate and construction in the area had to cease until
corrective measures could be designed and placed. Underdrain
was installed along with a cement treated stone cover to bridge

the material.

A DESICN METHOD FOR ROADWAYS WHERE COAL HAS BEEN MINED BELOW

GRADE,

The Pittsburgh coal at Station 2330400 is within fifteen
(15) feet of the grade line, The coal was deep mined and in the
past has been on fire in adjacent areas but not within the
past few years.

Tt has been the practice of various agencies to undercut
and backfill where coal has been mined within thirty (30) feet
of the natural ground or within thirty (30) feet of the grade
line. The grade line for Interstate 79 is on a plus grade
toward the northeast and the apparent dip of the coal along
the grade also dips to the northeast. Thus, although the coal
is within fifteen (15) feet of grade at Station 2330+00, the
opposing grade and dip directions result in a gradual vertical

separation of the coal seam and the grade as stations increase.



26

The profile of borings. and grade, and the coal seam are shown
in Figure 13,

Between Station 2330 and 2336, it was the recommendation of
all who were involved in the design that the area be undercut
as there was insufficient rock overburden to adequately support
the roadway. It would have been desirable to continue the under-
cut further in order to provide-a barrier should the coal be
reignited and to insure against future differential settlement;
however, due to the depth and consequential economics, only the
area between Stations 2330 and 2336 was designated for this treat-
ment. In addition an onsite inspection by a Road Commission
Geologist was requested during construction to determine where
the wundercut should be terminated.

From the onsite inspection, it was determined by the Geologist
that due to the presence of small voids and the degree of collapse,
the originally proposed limits for the undercut be adopted.

A flexible pavement was recommended to compensate for
anticipated future differential settlement. The design (shown
in Figure 14) has produced very little distress to date.

NOTE: We now follow Interstate 79 south to the end of construc-
tion, approximately 5.2 miles. We then follow State Route 73
northward to the I-79 On Ramp for STOP 7. In the area just
southeast of STOP 6 (See Figure 2), note the rolling nature of
State Route 73 caused by subsidence. It should also be noted
that in places here several inches of asphalt have been laid

down as a remedial measure.
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A DESTIGN METHOD FOR ROADWAYS WHERE COAL HAS BEEN STRIP-MINED

AND DEEP MINED AT GRADE,

During the Soil and Geological Data Investigation, the

Pittsburgh coal was found to be either at grade or only a few

feet below grade at this location. In addition deep mining

and strip mining was conducted previously in the hillside ad-
jacent to the roadway. The removal of the coal was sufficient
to cause the overlying formations to lose some of their structural
stability and to collapse.

The Pittsburgh coal aips toward the roadway in this area

and the abandoned mine had an undetermined amount of water

trapped in it. It was necessary to drain the mine and provide

drainage of the coal. This was accomplished by carefully open-

ing the original entrance and allowing the head of water to
bleed off. Some of the coal was in place and the grading con-
tract called for removal of the coal beneath the roadway and
back filling with random material.

Underdrain was also installed behind the constructed slope
and extended below the coal. The slope design adopted for the
cut, as indicated on the included cross section at Station
259+00 for the NE Ramp (Figure 15) is a two horizontal to ome
vertical which provides a minimum safety factor of approximately

1.6. The slope was shot to insure as much total collapse as

possible as borings indicated that voids up to six feet were still

present behind the slope. In other areas, both total and partial
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collapse had occurred with voids dispersed throughout the upper
strata, It was desired to have a uniform slope that would

not have further distress and possibly cause a loss in stability
of the slope above any surface settlement.

There were also openings in the area of the I 79 off ramp
on the south side of US 250. A fill was designated to be placed
over the area which had several abandoned mine entries some of
which had partially collapsed. The area was drilled and shot on
a nonuniform spacing to guard agsinst structural instability
of the fill at some future date. Approximately O to 6 feet of
fill was placed over the area prior to shooting to aid in the
collapse. After shooting was complete there was little surface
evidence that any extemsive collapse had developed. There
has been little or no distress evident in the roadway since it

was completed in 1963.



