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PREFACE

The 23rd annual highwav geology svmposium was held in the Chamberlin
Hotel at Fort Monroe. Virginia on April 27 and 28, 1972,

The field trip on April 27 dealt with the engineering geology of the second
Hampton Roads Bridge-tunnel crossing.

The technical sessions, held the following dav. were planned to complement
the field irip by reiterating the topic of engineering geology of unconsolidated materials R
and the papers as a group dealt mainlv with these types of materials.

George S. Meadors, Jr. of the Virginia Department of Highways served on the
local arrangements commitiee in the special capacity of being in charge of the organiza-
tion of the field trip and the preparation of the guide book.

Our speaker at the banquet on April 27 was Norman F. Williams, State Geologist,
Arkansas, and the local commitiee thanks him very kindly for the illuminating remarks
on his topic ""The Noble Highway Geologist'.

Dr. Arthur C. Munyan of the Department of Geophysical Sciences, Old Dominion
University, Norfolk, Virginia, performed the very basic and necessary task of receiving
and reviewing the abstracts of the offered papers and making the selections for presenta-
tion at the Symposium. Dr. Munvan also presided ai the Technical Sessions on April 28,
and later received and reviewed the written submissions for publications in these Pro-
ceedings. We very gratefully acknowledge the donation of his time and energy on behalf
of the Symposium.

As local chairman of the 1972 program committee I want to express my gratitude
to those other commitiee members who helped 1o do all the necessary things that had to
be done, and also for the cooperation extended by the Virginia Highway Research Council,

Michael A, Ozol
Martin Marietta Laboratories
Baltimore, Maryland



EMBANKMENT FAILURES ON THE TIJUANA--ENSENADA TURNPIKE IN
THE LOWER CALIFORNIA PENINSULA, MEXICO

John Jimenez, Engineering Geologist
State Highway Commission of Kansas

INTRODUCTION

The rapidly growing volume of traffic on the then existing
highway, the rising numbers of accidents as well as the attrac-
tion of the coastal zone of Lower California (Baja Peninsula) for
tourists, were the factors which led the Ministry of Public Works
to first consider and finally build a turnpike between the cities
of Tijuana and Ensenada in the state of Lower California, Mexico.
The construction of the turnpike has solved, on the one hand, the
problems of growth and high traffic incidence while on the other,
it has helped the development of the area as a tourist attraction,
thus contributing to a considerable increase in the amount of
foreign exchange and therefore strengthening the economic and
social welfare of the country. Photo 1 depicts the route of the
turnpike along the western coast of the Baja Peninsula. It has a

total distance of 100 kilometers.,

Both preliminary and final studies made it clear to authori-
ties that the section of the roadway comprising the southernmost
10 kilometers of the route, positioned next to the Bay of
Salsipuedes, was characterized by unstable ground that opened up
the distinct possibility of slide failures in the future roadway;
the anticipation of failures was due to the presence of existing

ancient failures evident in the talus zone which is present in



Photo 1. State of Lower California, Mexico, showing location

of turnpike and failure areas.

this area. The decision was made to accept the talus material
zone as a calculated risk after a comparative study was made
which clarified the advantages and disadvantages of the chosen
route over another one farther inland and of greater length, in-
volving greater cost and which, moreover, eliminated the stretch-
es of greatest scenic beauty and thus the whole attraction of

the highway.



The purpose of this paper is to show construction and explain
design procedures used by contractors and deéigners for two slide
sites (from a total of 12 that had occurred to September 1970), as
well as to describe the geology of the northern half of the peninsula
and that of the area of the slides.

Geology of the Peninsula

According to geological studies (1) the northern half of the
peninsula is generally formed by granite-type intrusive rocks of
the Cretaceous. Coastal plains extend on each side and in places
the coast is covered by volcanic rocks.

There are sediments upon the surface which vary from coastal
and continental Pleistocene to clastic marine rocks of the Miocene,
Eocene, Cretaceous and Jurassic. The great delta of the Colorado
River is alluvium.

The tectonic aspect of the peninsula is that of a great block
which failed longitudinally on both sides and inclined toward the
Pacific. Its features are heavily eroded and it is highly
accented topographically. Granite batholith occupies 80% of the
area in the northern half of the peninsula. There is considerable
evidence of volcanic activity. Igneous flows of lava both acidic
and basic exist on the surface.

Geology of the Slide Area

In the area of the slide problems there are recognized four
distinct geological units. Photo 2 shows the boundaries as they

were located in a geo-photo interpretive survey. (2)



Photo 2. Geo-photo Interpretation of Area Geology.
TP = ash cone, pumice tuff; A = Andesite;
S = sedimentary, shales and sandstones;

T = talus.

Uppermost is a meseta of lava flow of variable thickness
which has been identified petrographically as andesitic rock.
It probably derives from the ash cone where pumice tuff exists.

The andesite and also an area of fractured material overlie
sandstone and shale and the sandy silts which cover them. The
fourth unit, which borders the coast, overlies the sedimentary
marine rocks and originated by the weathering of the andesitic
flow which originally covered the narrow coastal strip. Signs of
ancient slides are clearly visible in this unit; the majority

coincide with the roadway failures.



The talus material is largely angular fragments of rock,
some as large as 2 meters. It may be bound in loose sandy silts
and occasionally has no binder at all. Thickness of the unit may
be as much as 37 meters. It is highly permeable. Rain water
easily infiltrates to the underlying sedimentary rocks, and therein
lies the problem: +take a normally unstable, unconsolidated mass
of highly permeable material, disturb it further with construction
procedures, add to it the factor of sea erosion, which relentlessly
wears away at the foot of the embankment, and you may expect
problems.

Investigation

The investigation of a site was conducted with the purpose of

determining the following facts:

A, Localization of the slide mass.

B. Magnitude and direction of surface displacement.
C. Geological characteristics.

D. Form and depth of the slide surface.

E. Ground water conditions.

Construction

Once the slide area has been studied and corrective measures
are designed the field construction begins. Procedures observed
at two of the slides were as follows:

First they repair the roadway to allow normal traffic move-

ment. They next remove the slide mass above the road grade to



stabilize the embankment. An amphitheater is formed whexe the
slide mass has been removed. The ground line is dipped toward the
sea for good drainage., A drain gutter is built around the
perimeter of the amphitheater to keep water from entering into

the talus material, and finally they shoot 0il onto the surface of
the amphitheater to make it impenetrable to moisture. A guard
fence is put up at the front of the amphitheater to keep out
traffic. Photo 3 shows a completed amphitheater where the above

notations have been carried out.

Photo 3. Completed Amphitheater.



Conclusions

The studies undertaken to 1970 by Mexican Highway authorities
lead to the following conclusions:

A. The slides occur at the sites of ancient failures covered
by talus upon which embankments have been constructed.

B. The slide surface develops at the line of contact between
the talus and the underlying sedimentary rocks. They occasionally
develop where weathered shales are in contact with unweathered
material.

C. The velocity of displacements reveals a cyclic law where
the maximum movement corresponds to the rainy season, with a lag
of 1-2 months, and the minimum corresponding to the dry season,
Annual rainfall is 4 to 8 inches, falling December to March,

D. There are two main causes for the activation of the
slides:

1. The weight of the embankments which increases
the actuating forces, and
2. The action of water which infiltrates the highly
permeable talus.
FINALLY AUTHORITIES CAUTION:
| The methods employed for the correction of the slides (no
two of which are alike) have eliminated displacements of the
failing mass, damage to the roadway and thus no interference with

the normal flow of traffic and, more importantly, there have been



no extra maintenance costs attributable to any of the corrected
areas for over four years.
HOWEVER:

Given the conditions of the failures and their present state
of development, it must be accepted that any solution will involve
a degree of risk dependent, naturally enough, upon the desired
level of performance which it is desired to attain,

(Numerous color transparencies were shown during the presentation

to show scenery, construction details and regional geology,)
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GEOLOGICAL ENGINEERING INVESTIGATION OF
TALUS SLOPES IN LEWISTOWN NARROWS, PENNSYLVANIA

Gerald 1.. Branthoover

Soils Engineer
Pennsylvania Department of Transportation

Abstract

In the Ridge and Valley Province of central Pennsylvania, un-
consolidated talus and colluvium cover many of the highway corridors
through which construction is necessary, presenting a major problem.
In solving these problems, the geological engineer must utilize
many of the tools of geotechnics, such as rock mechanics, geophysics,
field geology and air photo interpretation. The study reported on
outlines a method of approach for talus and scree covered slopes.

The area studied lies south of Lewistown, Pennsylvania, along
the Juniata River, in the "Lewistown Narrows". It is a steep,
narrow synclinal valley with talus covered slopes. An existing
road and railroad located in this valley force proposed roadways
to cross areas of extensive talus.

A detailed geotechnical investigation was performed using a
seismic refraction survey to delinate the extent of talus. Analyses
were completed regarding the slope stability of the proposed con-
struction. Upon completion of this investigation the geological
engineer was able to present recommendations to the designer re-
garding the feasibility of locating the highway in this type of

area.

Introduction
In the Valley and Ridge Province of central Pennsylvanta un-
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consolidated deposits of talus and colluvium cover most of the
mountain slopes. In this area of long parallel ridges water and
wind gaps are utilized for economic reasons in the design and
location of highways.

The area studied lies south of Lewistown, Pennsylvania along
the Juniata River in an area known as the narrows. It is a steep
synclinal valley with talus covered slopes. Due to the existing
road, railroad and river with little or no flood plain, it was
necessary to study a route location consisting of sidehill con-
struction. This location presented gross stability problems to
the geological engineer because of the unconsolidated "talus"
covering on the slopes.

It was therefore felt necessary to provide the highway designer
with a report delineating the area of major concern to the pro-
posed construction and provide recommendations for solutions and/or
alternatives for these problem areas.

A detailed geotechnical investigation was undertaken utilizing
the tools of the geological engineer. The basic geology of the area
was studied in the field andthrougha search of existing literature.
Aerial photographs were utilized in the preparation of the geologic
map. A seismic refraction survey was completed to delineate the
extent of talus (scree). Rockmechanics studies and drilling were
completed in selected areas to complement these other studies.

This overall study was the redesign of U, S. Routes 22 and 322

along the existing highway. The north side of the river was studied
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by a consultant for the State in 1968. However, in 1969 a request
by the Susquehanna Economic Development Dist. to provide access for
a proposed industrial park made it necessary to study additional

routes along the south side of the Juniata River (Figure 1).

General Geology

The Lewistown Narrows is located in the central part of Pen-
nsylvania,within the Appalachian Mountain Section of the Valley
and Ridge Province (Figure 1). The topography of the area is rough
in nature, with overall relief of 1500 feet. The Juniata River is
the major stream in the area. Its course traverses the regional
structure throughout most of the narrows. The minor streams flow
perpendicular into the Juniata, forming a trellis drainage pattern.
The portion of the valley which is structurally controlled occupies
a synclinal basin and is oriented along the strike of the axis
of the Lewistown Narrows Syncline.

The major rock types exposed in the area range in age from
Upper Ordovician to Middle Silurian and represent a section of
several thousands of feet in thickness. Few outcrops are present
along the study area, because of the extensive talus fields.

The structure in the area is comprised of en echelon type
folds. The regional strike is northeast-southwest. All the
folds are plunging, with an average plunge of 5 to 10 degrees.

The most competent bed in the area is the Tuscarora Formation,

which does not respond by tight folding but rather by large sym—
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Lewistown

US. 322 8\22

Penna.

Sfud'y Area

Juniata Fmes

Figure 1.

Location map and general geology map showing
existing and proposed highways.
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metrical folds and small-scale faulting. This formation averages
750" in thickness and is basically a light gray-pink, medium-to-
thick-bedded quartzitic sandstone. A majority of the talus blocks
are made up of this material. The other formation which is to be
considered in this study is the Rose Hill Formation. It represents
a unit of intermediate competency. This formation is mostly cover-
ed by the talus; it averages between 850 and 900 feet in thickness.
The geologic map was done after the work of Conlin and
Hoskins (1962) and U.S.D.A. aerial photographs (scale 1:20,000)

to prepare a map on the desired scale.

Field Investigation

This investigationvwas undertaken during the summer of 1970.
The geologic field investigation began with a fairly comprehensive
tabulation of the strike and dip of the regional as well as the
local systems. This was completed for utilization in the rock
mechanics or geomechanical studies to be performed on the intact
rock,

As this phase of the work progressed a seismic refraction
survey was undertaken to help to delineate the extent and deter-
mine the thickness of the talus along this alternate route.

The seismic survey was carried out by personnel of the Bureau
during June and July 1970. A twelve trace RS-4 seismograph was

used with energy supplied by 40% 14:8 special gelatin. A standard
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spread length of 200 feet (20 foot geophone spacing) was used, and

shot into from each end, the center, and 200 foot offsets.

The data was interpreted by using standard critical distance
and intercept time techniques after plotting time-distance curves
and measuring velocities. The Bureau's desk top computers were
used for the calculations. Upon completion of the interpretation
the results were compared to the core borings for correlation and
validation.

Examples of seismic profile, sections and drill hole ties
can be seen in Figure 2. The drill hole ties were in all cases
within acceptable ranges, thus validating the survey. The velo-

city ranges and material correlations are as follows:

1000 Near-surface colluvium and over-

1500 fps
burden .

1500

3000 fps =~ Overburden; talus to the east,
fine colluvium and residual soil
to the west.

3000

4000 fps - Overburden and/or weathered rock,
mostly talus to the east, highly
weathered rock and residual soil
to the west.

4000

8000 fps =~ Weathered bedrock. Mostly quart-
zitic sandstone east and sands and

shales to west.

8000 14,000 fps = Unweathered bedrock. The higher
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S.P

1720
2860
S.P
I Pa. 333
AN
4450 SSw/sand 1000
{talus)
SiF?
2800
10,000
Sandst
andstone sip
Drill  Hol 3450
it noe 2320
10,000 5360
Scale "= 50'

Figure 2. Typical section showing seismic and drill information.
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velocities indicate sandstone and
some quartzite.

The talus deposits become quite deep, ranging in depth from 40
to 50 feet in certain areas as defined in this study. This seismic
information formed the basis for later stability analyses of the
talus fields (Figure 3).

In order to aid both the geological and seismic investigation,
a total of ten core borings were drilled. Due to the extreme
roughness of terrain, these holes were located along the existing
gsecondary roadway, PA. Route 333. A total of 472 lineal feet of BX
core were obtained, using an Acker B-60 skid mounted drill. Due
to the type of rock encountered, mainly that of the Tuscarora For-
mation, extremely difficult drilling was encountered. Problems of
poor recovery and loss of drill bits due to drilling in talus com-
posed of such hard rock (quartzitic sandstone) made a more exten-
sive drilling program economically unfeasible. Enough information
was obtained to validate the seismic survey and establish what
materials made up the talus deposits in different sections of the

pro ject area.

Stability-Hillside and Cuts

From field observation and geophysical data the most extensive
stability problem areas exist along the eastern end of the project
(Figure 1). The stability of the existing hillside and the reaction to

the proposed construction by the materials present is of primary impor-
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Original  Ground

Talus

V
</
"/// Existing Road (Pa. 333)

Mass Analyzed ' Proposed Cut Slope

N\

N —

Weathered Rock

Scale 1"=50

Figure 3. Typical section showing mass analyzed for
stability problem.
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tance in this and future studies and designs. Three conditions
were evaluated: the condition and stability of the talus; the
mass stability of the hillside; and the stability of

joint systems in the bedrock.

Talus Stabilit

The first phase is the condition and stability of talus,
which consists of large boulders ranging in size from less than
one foot in diameter to as large as tens of feet in diameter. A
large portion of these boulders are rectangular in shape, lying so
that the longest dimension parallels the slope. Trees are present
over a large portion of the hillside, with several large barren
areas occurring. These barren areas are generally associated
with deeper accumulations of talus and little if any fine material.

The talus deposits under consideration are at or near static
equilibrium. It may be assumed that at the time of deposition,
each rock in a talus slope has theoretically found its assigned
place according to the laws of statics and dynamics. The con-
ditions required for this situation are the size of the rock, the
shape of the rock, its momentum,the slope angle and the roughness
of the slope over which it has traveled. When rock comes to rest
it is usually in static equilibrium and further movement can
occur as a result of very minor disturbance. If for some reason
a large boulder comes to rest on the slope higher than would be
expected mechanically, a deposition of small rocks can occur a-

round it. Such a collection of large rock debris at a higher
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elevation than would normally be expected will cause a decrease
in the overall stability of the slope at the time of deposition.

Portions of talus deposits which do not move after this
deposition can increase in stability over a period of time.
Factors which control this are weathering and gravitational re-
arrangement of the boulders.

An example of the minimal stability can be seen along
existing Route 333. The small road cuts in the talus show signs
of constant boulder and rock movement even though the slopes are
often near the same angle of repose as the natural talus slopes.

In cuts made in the open graded talus zones, where the
boulder stability depends on rock to rock contact, rockfall will
occur. Such rockfall will be more severe immediately after the
cut is open,and this rockfall will continue for a long period of
time. Surface weathering, erosion, and local rearrangement of
boulders under gravity forces bring some stability, through time,
at or near present natural slope angles.

Boulders and rocks buried in talus are "floating" in finer
soils and when exposed in cut slopes represent a long-term hazard
as the finer materials are weathered and eroded away from the rocks.
This action is responsible for loss of support and the rockfalls
which occur. As in the case of the zones with rock to rock contact,
these areas, through surface weathering and local rearrangement,

can stabilize in time, near natural slope angles.
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Thus, in a talus slope, the material tends to continually
migrate down slope via gravity until static equilibrium is reached.
Disruption of the equilibrium condition, through natural causes
such as toe erosion by a stream or man-made works, such as an
excavation cut, results in downward movement until equilibrium is
again reached, usually at the previous slope angle. Continued
removal of rock blocks near the toe of a slope (i.e., maintenance
on a cut) usually results in a permanent state of inequilibrium
and perpetuates itself in the form of continual downward movement

of rock debris.

Mass Stability

The second consideration in evaluation of the proposed align-
ment is the effect the construction would have on the steep talus
slopes which exist., The major stability problem along this section
is related to the potential for a mass failure of the talus over-
lying the bedrock.

The evaluation of mass stability of the slopes in this area
involved several steps. The surface and subsurface profiles were
developed for each section using the seismic and drill hole data
(Figure 2). The basic nature of the soil and rock material was deter-
mined by field investigation.

The stability analyses were performed to establish the para-
meters necessary to achieve equilibrium, as well as a safety factor

of 1.25. Analyses were made for the in situ condition with the
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proposed cut as an integral part of the problem (Figure 3).

The actual stability calculations were made using the wedge
or sliding block method (Figure 4), incorporating the simplified
method of blocks with side forces, as developed by Richards (1969),
Seed (1967) and incorporating the developments of Sherard (1963).

The analyses completed for this represent a typical example
of the entire east end in the Narrows Section. From the results, i
it may be assumed that gross instability would result from the
proposed cuts. The equilibrium curves show (Figure 5) that
friction angles higher than can normally be expected in this
type of material would be required for equilibrium. When the factor
of safety of 1.25 is added into the problem, the situation deteri-
orates in all cases, and requires fa's (developed friction angles)
of 350 or more, and @m's (mobilized friction angles), in excess
of 350. These requirements to meet stability cannot be reasonably
expected everywhere for the slope conditions existing on this
project. The typical equilibrium curves seen in this slide using
a simple two block and a three block analysis can be seen in Figure 5.

The drainage of the steep hillside areas is an important
key to the problem of mass stability. All of the information avail-
able, including observations of similar cuts, indicates that the
hillsides are relatively free-draining and that the natural ground
water level is located in bedrock. There are indications that
during periods of sustained precipitation there is ground water

flow along the contact between the overburden and the bedrock.
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Force Polygon for
Block 1

Force Polygon for
Block 2

Weathered Bedrock
Cut Slope

Scale 1"=

Nototions ond Symbols

Q@ Active Block + (@ Central Block
W Total weight of block in kips

T Driving force from block assuming no resistance in kips
R Resisting force from block assuming no resistance in kips
P Net resvltont force in direction of O

¢a Developed {riction angle assumed on backface
¢m Mobilized friction ongle required for equilibrium on basol plane
3 Dip of interblock forces

Dip of backface, active block

e
a Dip of basal plane, centrol block
Yy Unit weight of material in block

Figure 4. Typical section showing sliding block analysis.
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¢C ¢c
. 30° 25° 20° 30° 25° 20°
45 T
$a 3L
25°F
[ 1 ] |

35° 40 45° 50°
¢m
45°
$a 35°F
25°
] ] I

30° 40° 50°

¢ a - developed friction angle required on the backface

¢ m-mobilized angle of internal friction required for equilibrium along the
contact between talus and bedrock

¢ c- developed friction angle in the talus
F.S.- Factor of Safety

Figure 5. Equilibrium curves showing simple 2-block case
and more complex 3-block case.
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This drainage is considered responsible for the development of
zones of highly weathered shales and a clay layer at the base of
the talus which appear in drill holes. It can also be reasonably
assumed that the effective strength of these zones is reduced by
the prolonged presence of water and by the elevated water levels
in the talus slopes.

In the analysis, water in the talus was not considered be-
cause none was found in the drill holes, which were placed during
the dry part of the year. Its presence in the analysis would
raise the weight of the block and reduce the shear strength along
the overburden-bedrock contact. These two conditions would help
to reduce the overall poor stability already present in the hill-
side and therefore contribute to the already unstable mass of
material, and would prevail in the wet part of the year, parti-

cularly during spring thaws.

Rock Stability

The third phase of the investigation was to study the joint
systems which would affect the proposed cuts. Information from
detailed studies in the general area indicate that the joints
maintain a fairly constant orientation to the fold axes. At some
localities, two sets of transverse joints are present. In the
competent beds, both the longitudimal and transverse sets are
oriented nearly perpendicular to bedding. Thus the dip of the
transverse joints varies only slightly from steep northeast to
steep southwest, while the longitudinal joints form a pronounced

fan-shaped pattern in the cross section of a fold.

- 26 -



In considering the stability of the rock formations, only
failures along jointing and bedding plans were considered. The
information was compiled and then combined to consider the two
ma jor formations; the Tuscarora and the Rose Hill., The joints in
each formation and their relationship to one another and the bed-
ding were analyzed graphically, with the use of stereonets ac-
cording to John (1968).

The stability of each formation was evaluated with the
available joint information. The Tuscarora Formation was evalu-
ated and careful study indicated that slopes of 1:1 or flatter
would be necessary to minimize rockfjll in this formation. The
Rose Hill Formation was evaluated in a similar manner. In this
formation a slope of 1:71 would also be necessary to minimize rock-
fall.

In addition, water in the joints, although not considered
in this study, could cause excessive pressures and reduce the shear
strength in the joints. This would decrease the overall stability

and increase the chance for failures along the planes.

Recommendations

Based on the discussion and analyses presented in this sfudy,
it is concluded that construction along the east end was not
feasible. It appears from the information available that exces-
sive excavation costs would be involved in the talus and the rock
slopes, in addition to the instability which would result in the

following three conditions; talus slope, mass stability and rock
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slope stability.

Mass stability is questionable even at flat slopes of 2:1,
which would not be feasible to construct in this area. Consider-
ation of talus slopesshowsthat when the mass is stable, rockfall
and movement can occur as the talus moves downward to establish
new equilibrium. Slopes of 1:1 in the existing rock formations
may be excessive in excavation costs since the rock formations
are so massive. Excessive blasting could also be anticipated
for large blocks of talus in order to make them an acceptable
size for embankment use.

Based on field observations, drill information, and seis-
mic data the west end appears to be more stable. Cut slopes of
15:1 and 2:1 can be expected to be stable since the overburden
material is residual and colluvial rather than talus.

A1l of the analyses, conclusions and recommendations con-~
tained in this report are based on field observations, seismic
information and assumed data. Final design investigations for
this area, if chosen,would require the use of more detailed geo-
physical surveys, drilling and possibly field or lab tesfs an-
alyses such as used in this report. Final design investigations
should include the establishment of strength parameters for all
questionable areas such as cut slopes, embankment foundations,

and structural foundations.
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Conclusions

As can be seen in this example a great deal of usable infor-
mation may be obtained during a preliminary investigation. In
this particular case, some of the most expensive and extensive
problems are directly related to the geology of the area. This
type of study enables the geological engineer to establish and
define problem areas for the designer to incorporate in the basic
design and location of the highway. By such study and cooperative
undertaking it may be possible to avoid these problems and utilize
the alternative alignments available such as was done in this case.
The geological engineer through a thoroﬁgh investigation estab-
lished that a particular alternate was not feasible from the point
of stable slope construction.

It must be always foremost in the mind of the geologist and
the designer that a design such as this, in an area of extensive
talus and colluvial deposits, is a serious undertaking and re-
quires a thorough investigation in order to develop a safe, well-
engineered design. With the tools of geotechnics available to the
geological engineer this objective can be obtained in the pre-

liminary stages of route location and design.
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Cut Slope Failure in Residual Soil
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ABSTRACT

Construction of a portion of Interstate Route 81 in the
southwestern corner of Virginia required a small cut into the
residuum blanketing the shale bedrock forming the southern slope
of Tinker Mountain. During excavation for this cut in 1961 a
small slide developed which grew to such an extent that considerable
corrective work was required during the following year, The remedial
measures did not fully stabilize the sliding mass and periodic main-
tenance involving an expenditure of up to $35,000 per year was
required., By 1971 the headward progression of the slide had neces-
sitated considerable increased right-of-way taking and a continued
high maintenance cost in order to protect the roadway. A mutual
decision was>made to seek a permanent repair to the slide. This
paper describes the subsurface exploration and instrumentation which
was performed and the final remedial design proposed to stabilize

the hillside.
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1. Introduction
The construction of a portion of Interstate Route 81 in the southwestern
corner of Virginia (Figure 1) has provided a vivid case history of the
stability problems common to cut slopes constructed in residual soils.
This example of a cut slope failure also substantiates the following
general conclusions found in the literature:
a. Slides in residual soil, if not arrested in the early
stages of development, can and do develop into massive
movements.
b. There is a direct relationship between transient water
tables developed by seasonal rainfall and the development
and acceleration of slope movements.
¢, The inherent nature of failures in residual soils prevents
the application of conventional analytical procedures,
Reliance must be placed on adequate subsurface exploration
and field instrumentation tempered by previous experience

with similar materials.

2. Project History

About 5 miles north of Roanoke, Virginia, I-81 traverses the southern
slope of Tinker Mountain. A small cut of about 30 feet maximum depth
with two horizontal to one vertical side slopes was made into colluvium
and residual soil blanketing a shale bedrock. During construction (1961)

a small slipout occurred.
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Figure 1. Location of failure.
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First attempts toward stabilization involved slope flattening to a
three horizontal on one vertical. The regraded slopes remained stable
through the seasonal changes until the following spring when a second,
much larger slide occurred, It was obvious that a relationship between
rainfall intensity and slope movement existed, yet stability analyses
with the water table assumed at ground surface indicated a more than

adequate factor of safety against movement,

After much consideration of many possible alternatives, a remedial
scheme was selected which included (1) a trench drain around the slide
scarp and up the face of the slide more or less at right angles to the
roadway; (2) flattening the slope to four horizontal to one vertical;
and (3) an intermediate bench at approximately midheight of the slope.
Construction of this remedial scheme was completed in 1962. (See

Figure 2 for a typical cross-section of the completed slope.)

Unfortunately, the movement was not completely arrested by this treatment
and periodic maintenance involving an expenditure of about $35,000 per
year was required to prevent slide debris from encroaching upon the
roadway. Figures 3 and 4 are aerial and plan views, respectively, of

the failure after 9 years of this maintenance activity. By 1971 the
headward progression of the slide had necessitated considerable increased
right-of-way taking and an unsightly scar had developed on the side of the
mountain, A mutual decision was made to seek a permanent repair to the
élide. The steps taken to arrive at a satisfactory solution are discussed

in the following sections.
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Figure 3.

Aerial View-1971.
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3. Geologic Aspects

As quoted from geologic information obtained for the site (3)% "Tinker
Mountain is the northeast extremity of a large folded area of the
Roanoke Valley division of the great Valley of Virginia known as the

Catawba syncline,

The southeast slope of the mountain where Route 81 is located is covered
with a varying thickness of colluvium that consists of material ranging
from a light gray montmorillonitic clay to sandstone boulders 10 or more
feet in largest dimension. These large sandstone boulders are derived
from the Clinch sandstone of Silurian age that forms the crest of the
mountain. Attitudes taken at various locations on top of the mountain
overlooking the slide area vary from N55% (strike), 15°NW (dip) to N70°E,

150NW which corresponds to the trend of the Catawba syncline.

Underlying the Clinch sandstone on Tinker Mountain is the Martinsburg
shale of upper Ordovician age. This material where it is exposed in
gullies that have eroded through the topsoil in the cut for Route 81 is
a light brown to maroon, slightly calcareous shale with some scattered
thin calcite seams. The material exposed in these gullies is stable but
quite weathered, The Martinsburg formation in its unweathered state
underlying the problem area, as determined from drill holes, is a light
to dark gray calcareous shale and gray argillaceous limestone, This
formation is weathered quite deeply in this location especially at the
west end of the problem area where the depth is approximately 100 feet

to fresh shale,

*Numbers in parentheses refer to the references listed at the end of the
text,
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It was assumed during previous field explorations that the shale dipped
slightly into the road. This was for the most part because the simplest

way to measure a dip direction was from small gullies eroded through

the topsoil mantle., Due to a considerable amount of rainfall during

the summer of 1971, the topsoil has washed off areas large enough to

be able to measure the attitude of the shale more precisely. As determined
from the east portion of the problem area, the attitude of the shale is

N50° -60°E, 10°-15°NW which corresponds to the attitudes taken in the Clinch
formation. There are still areas in some of the gullies where, due to

either false bedding or very localized deformation, the bedding could

be assumed to dip 100-150 into the road as was the previous assumption,"

Aerial photographs have been taken at periodic intervals since the
initial slide movement and these were of value in determining the nature
of the failure. They also present a graphic history of the slides

progressive development,

4, Subsurface Investigation and Instrumentation

Although borings had been made at various times since the initial failure,
‘the continued movement of the slide over the years had significantly
altered the topography and it was deemed necessary to fully reinvestigate
the subsurface soils. In early 1970 a series of four borings was made
which were located slightly above and paralleling the uppermost scarp.
Two of these borings were instrumented with inclinometers to a depth of
about 75 feet. After several months of monitoring the inclinometers, the

data was somewhat erratic and seemed to indicate that the casing had not
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been installed to a sufficient depth and was moving throughout its length,
Therefore, in the spring of 1971 four additional borings were made in a
line perpendicular to the upper scarp and extending up the mountain
behind the scarp. The uppermost boring was located about 600 feet

behind the scarp., Inclinometers were installed in three of these borings
to an average depth of 145 feet. To facilitate design of the proposed
remedial scheme a third series of 16 borings was subsequently made in late
summer of 1971, The subsurface information obtained from these borings
and instrumentation and its relationship to the failure mechanisms

involved are discussed in the following section,

5. Discussion
The subsurface profile defined by the various borings is illustrated by
Figure 5. The division of the profile into zones follows the sequence

suggested by Deere and Patton (1).

Zone I consists of (1) colluvium derived from the higher steeper slopes

and (2) the residual soil product of weathering of the underlying parent

rock, Information obtained from the borings was too limited to seperately
define these two strata., In the main body of the slide the disturbance

caused by past movement has obliterated any definable contact surface that

may have existed between the colluvium and residual soil. Generally, the

soil of Zone I is a silty clay containing numerous 'floaters." These "floating"
sandstone boulders have as their source the sandstone capping the top of

the mountain and have been transported by gravity to their present positions.

Their maximum dimension does not usually exceed 10 feet. Zone I varies in

thickness from 10 to 50 feet.
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The boundary between Zone I and Zone I1 was usually easy to detect because
of a marked decrease in rate of penetration. Occasionally, boulders
hampered the detection of the transition from Zone I to Zone II. The
weathered shale of Zone II contained only a few clay seams near the

top and became progressively harder with depth,

The top of Zone III was not sharply defined in any of the borings. Rather,
a smooth transition, detected only by a gradual decrea#e in the rate of
penetration was observed. Occasionally small calcite filled seams were
encountered as the borings progressed through the unweathered shale.

The depth to Zone 111 is not believed to exceed 100 feet.

Although no concentrated effort was made to monitor water levels within
the sliding mass, the borings did provide some valuable information
regarding the phreatic levels within the slope. Generallv, the borings
encountered water near the transition from Zone I to Zome II. The water
bearing stratum was usually only a few feet thick and below it the
nearly impervious shale was always found to be completelv dry. After
periods of heavy rainfall, water could be seen seeping from the scarp

at several levels in the Zone I soil. The soil within the slide itself

remaing completely saturated throughout the year,

Obgservation of the inclinometers over the past year indicate that no new
movement has occurred behind the existing scarp. The scarp face, which
does not exceed 15 feet in height, has also remained stable during this
time period., The apparent dormancy of the slide for such an extended
period of time is difficult to explain in view of the much greater than

normal rainfall that has occurred during the same time span,
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Two separate failure mechanisms can be distinguished within the unstable
slope. The first is a mudflow condition which exists in the lower por-
tions of the slide. This mudflow activity is, of course, directly
related to rainfall intensitv. As the debris in the heart of the slide
turns to mud and flows down to the roadway, the second failure mechanism
is triegered. The transient stability in the scarp area is slowly
reduced by this loss of support and in due time a failure occurs and

the scarp continues its headward progression up the mountain. For

these reasons a two-step solution, as discussed in the following section,

was developed and analyzed,

6. Proposed Remedial Scheme

It was considered of major importance to limit any further enlargement

of the slide., For this purpose a rock buttress with dimensions determined
by wedge-type stability analyses was designed to restrain the slope above
the existing scarp. A conservative value (¢ = 10 degrees) was estimated
for the shear strength against.sliding of the weathered shale upon which
the buttress will be founded., Paved ditches above the buttress, a filter
blanket on the upslope side and underdrain within the buttress were
included to prevent surface and subsurface water from entering the sliding

mass from adjacent areas.

Upon completion of the buttress construction, the slide debris in fromt
of the scarp will be treated. Large granular drainage trenches have been

proposed for this purpose. They will be located in the two major channels

developed by the mud flowing down the slope. This will not only effectively
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drain the remaining soil mass but will result in excavation and removal
of a significant portion of the existing saturated soil and its replace-
ment with granular material of greater strength, Regrading of the failed
slope,intermediate small benches with paved ditches, and seeding to

establish growth of ground cover are also proposed.

Figure 6 is a plan view of the slide illustrating the proposed location
for the buttresses and drainage trenches. Typical sections for the

buttress and drainage trench are shown on Figures 7 and 8, respectively,

As part of the correction, long term instrumentation will be installed

to assist in early detection of any future movements. Inclimometers and
piezometers will be read periodically., If localized water pockets develop
and exceed allowable levels within the slide mass, pumped wells will be
installed to provide relief to the area involved. Such measures will be

necessary in order to assure long term stability of the total mountainside.

LIMITS OF SLIDE
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