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Highwey Research Project No. 14

The project was approved by the Bureau of Pudlic Roads effective

March 1, 1963. The purpose of this study as contained in the
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Zeziziled iovestigations have been mede of typical slices.
letches, profiles, soil data and pictures are presenited on
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scme of thnese. Locations of recent slides are indicated by

This report has been made as brief as possible because the
Location, Design, Construction, and Maintenance Engineers who
will benefit from it are busy people and have very little time
to devote to additional study. ZEBenefit from this study can
only be obtained when the people concerned with building

our highways put this informsition to use. We believe that

orevity will encourage wider readership.

The arvicles Listed in the bibliography and those suamarized
are cnly a selected few from the mass of literature. Taese

pareicular ones were selected vecause they are concerned with

kel

conditions similar to those encountered in Arkansas. The
abstracts of articles are intended cnly as a guide for

engineers who wish to read further in the literature.

This report is not a product of the Principal Investigator
alone, but is a cooperative effort of the entire Project

Sub-committee. The Sub-committee has taken an active part



in all investigations and studies and has been of tremendous
help ©o the Principal Investigator during the entire investi-
gation. All of the geological information is the product of

Sub-ccmmitteeman Jake Clements, Jr.



SUMMARY OF

RESULTS AND RECOMMENDATIONS

It cdﬁ be seen from the map Figure 1 that the slide prone areas of
Arkansas are the Ozarks of Northwest Arkansas and the embankments con=
structed from the soils of the Mississippi River Delta. There is a
possibility of a slide on eny highway constructed in the Ozarks of
Northwest Arkansas. It can be expected that there will be many
slipouts and failures of the backslopes on sidehill construction.
These failures can be expected in any location where shales and

other sedimentary rocks are interbedded. In all such locations

provision should be made in the design for these slide conditions.

The major factors causing these slides are a combination of ground
water and shales and clays. Flatter backslopes will alleviate some
of the condition but there will still be some movements causing un-
sightly back slopes. The only complete answer is to intercept the
seepage water before it approaches the surface of the back slope, or

gets under the embankment.

The most satisfactory method of intercepting the ground water
is by the use of horizontal &rilling and installation of perforated
pipe. This method has provec effective in the prevention and -
stabilization of slides under conditions very similar to those

encountered in Northwest Arkansas.

Two rules of thumb have often been quoted as being effective in
slide prevention. First of these is: never build the roadway
-on zort excavation and part fill. The entire road should be
pliaced on a cut section. Secondly, the north side of hills and
ridges are the worst from the standpoint of slides. The reason
for this is that the north side of the hill is always the wettest
and is more likely to have a higher ground water table.
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A geological study of locations in the slide prone areas of
Northwest Arkansas is necessary if there is to be any re-

cuction in the number of slides occurring on our highways.

The only real means of preventing slides cn the embankments
in the Mississippi River valley is to maintain a low water
content in the embankment. This can be accomplished only

by keeping water from entering the embankments after they are
constructed. Care must be taken in any method used to‘water~
proof the end of the embankment to insure that there are no
cracks, regardless of how small, that would allow the water to
get under the water proofing material. Secondly, steps must
be taken to prevent water from entering the embankment at the

end of bridges.

Prevention of slides is directly related to recognition of slide
prone areas. Ability to recognize siide prone areas is essential
to the location engineer. Unstable areas can be recognized by
the presence of hummocky ground, old escarpments with bulges
below, leaning trees, tension cracks around boulders or trees,
and excessive water flow especially from the top of shale beds

or other clay Formations.

There is no Justification for using preventive measures unless
there is some indication that sliding might occur. It is hard
to economically justify the spending of large amounts of money
on preventive measures because it can seldom be proven that
sliding would have occurred if no steps had been taken to prevent
-it. In cases where there is danger of loss of life or property
due to sliding, preventive measures are easier justified than
are the usual landslides on highways. Although landslides along

highways are usually only a maintenance or construction problen,



they may endanger lives or property. Every effort should be
made to prevent slides of this kind. Slides that are considered
to be only a construction or maintenance problem may be very
expensive to control and the usual preventive measures will
frequently cost much less than the correction of the sliding

area after failure.

The services of a qualified geologist are a must when locations
and designs are made in slide prone areas. A geologic inter-
pretation of the formations will identify places where slides
are likely to occur and what can be done to prevent them. Land=-
slides are not a problem of the soil only but a combination of
the soil mantle and the geologic formations on which the soil

rests.

-6-
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RECENT SLIDES IN ARKANSAS

The following is a list of the slides inspected as a
part of this ilnvestigation. Figure 1 shows the lo-
cations of these slides.

tate Highway 43, eight miles southwest of Harrison
at Gaither Mountain.

State Highway 43, eight miles southwest of Harrison
at Gaither Mountain. Same vicinity as slide No. 1.
Two different movements of embankment on sidehill
and, in addition, some movement of backslope above
roadway.

State Highway 7, one mile south of Jasper. Backslope
slipped due to seepage pressures.

State Highway 7, two miles south of Jasper. Slides
of embankment and backslopes on sidehill.

State Highway 7, 10.6 miles south of Jasper, slide
in £il11 on sidehill.

State Highway 7, 6.3 miles south of junction with
State Highway 16. Slide in fill on sidehill.

U. S. Highway 65, one mile south of Leslie, slide in
backslope.

Interstate Highway 40, Frisco overpass near West
Memphis, slide of embankment at bridgehead.

Interstate Highways 40 and 55 Wye, slide in embankment
at bridgehead of grade separation.

Interstate Highway 55 near Marion. Slide in embank-
ment.

Interstate Highway 55 and State Highway 181, grade
separation two miles south of Keiser. Slide in em-
bankment at bridgehead.

State Highway 7, 0.6 miles south of junction with
State Highway 16. Sidehill movement.
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tate Highway 7 near Sand Gap north of Dover. Sidehill
movement .

U. S. Highway 81, by pass at Monticello. Backslopes
sliding due to seepage pressure of water flowing from

"slope.

U. S. Highway 71 near Mountainburg. Backslopes sliding
due to seepage pressures.

U. S. Highway 65, Leslie, south. Backslopes of new
construction sliding due to seepage pressures. Many
slides along entire length of project. See (7) above.

Interstate 40, one mile west of North Little Rock.
Slide in backslope due to seepage pressure.



DESCRIPTION OF SLIDES

Slide Number 1

This slide occurred during the construction of the High-
way. It was corrected by flettening the fill slope and
deepening the uphill ditch to intercept the water. This
location is about 800' east of Slide Number 2. All of

the conditions are similar to those of slide Number 2.

Slide Number 2
This slide is typical of the many slides in Boone and
Newton Counties. The highway was rebuilt in 1961-1962
along the location of an existing road. At the site of
this slide the road had been in use for scme thirty-
five years before recomnstruction began. During this per-
iod no serious sliding occurred; however, the road was
narrow and there was very little fill on the hillside.
Some movement of the fill side of the highway was ob-
served during construction and shortly after. Within one
year considerable movement of the embankment on the side-
hill was observed at this location; however, no serious

faulting of the highway itself was observed. A few




cracks and a downward movement of approximately two feet
occurred before remedial measures were taken. At the time
of this movement it was observed that water was seeping
from the backslope on the uphill side of the road and
running down the roadwey ditch. A corrugsated meﬁal pipe
was installed to take this water across the road and the
ditch was paved to prevent the water from seeping down-
ward under the road. This apparently stopped the move-

ment at this particular location.

In March 1964 a large slide occurred in the fill portion

of the roadway immediately east of and adjoining the previous
slide. In this second movement the outside one-fourth of the
roadway dfopped down a distance of about twenty feet and

the entire mass of soil and rock moved down the slope

for a distance of about 250 feet. Figure 2 is a cross
section of the road at this slide location. The mass of
earth and rock in the slide was very wet and pools of wa-
ter were observed at several locations within the slide

area. Some water was flowing out of the hillside at the
“upper edge of the slide. At the same time movement of

the backslope of the uphill side of the road was observed.

It was also observed that water was flowing out of the

-10-



CROSS SECTION AT SLIDE No. 2 .

400 — :
ROCK mmo%vgmzﬂ“ ,
m | \
. N , . ”
300 |— .

v

-
w
w
u.
[]
i
O ‘ 7
2 ORIGINAL | ROAD,” /== WATER| SEEPAGE
- - & s
B NOO A \\ »
3 v GROUND | AFTER
& SLIDE
=
w 100
>

0

0 100 200 300 400 500 600

HORIZOMNTAL DISTANCE - FEET

FleUReE 2




vackslope at this location.

All of this movement is at a location where the highway
crosses a small gulley. This gulley extends .up the hill-

side to the foot of the caprock. This is a natural drain

and water flows off of the top of the hill for long per-

iods of time after rains. Some seepage is noted at the

foot of this caprock, even in the driest seasons of the

vear. The gulley has been partially filled with an

alluvium consisting of a mixture of small stone and silty clay

soil in a very loose condition.

It appears that the cause of failure at this point is due
to the seepage of water from the hilltop. All of the
movements appear to be along the interface between the
new embankment and the original ground surface under the

recent alluvium.

The corrective measures taken in this case were to deepen
and widen the ditch on the upstream side to intercept as
much water as possible and carry it across the road in
.pipes. The center line of the road was moved toward the

hillside to place all of the road on excavation and eliml-

-11-



nate the f111. In this case there will still be a short
section of the road, approximately fifty feet on the re-
cent alluvium that has filled the gulley. It is estimated
that the corrective measures taken to date have cost well

over $10,000.

Slide Number 3

This slide occurred in the backslope during the construction
of the road. Within a few days after the roadway was ex-
cavated, the backslope for a distance of about fiity feet
was observed to be moving toward the roadway. This move-
ment was slow and took the form of a plastic flow rather
than a slide. The material at the top of the slide sunk
downward about three or four feet and the toe bulged at the
ditchline in a typical slide pattern. The first slide oc-
curred in the lower half of the slope. There were then
subsequent slides in which the top of each of the later slides
started higher up the hill, until the last movement started
at the top of the hill. All the movements took place over

a period of about forty-eight hours. During the period of
the movement it was observed that the entire slide area

was very wet and a person walking on this materiasl would

sink to his knees.

-12-



The interesting thing of this particular slide was that

it occurred on the side of a round knoll and the top of the
siide extended to the top of the knoll. High seepage pres-
sure was the immediate cause of this failure, yet because
of the shape of this knoll there is no apparent reason

for the high water table in this area. The water could
only be due to a local artesian condition in which it is
being fed from a hillside to the south, under a saddle,
then upward into this lknoll. The only remedial measure
taken was to place a line of heavy boulders at the toe

of the slope of the slide to restrain it. These boulders
were pushed into place with a bulldozer and were several
cubic yards in volume. The only movement visible since
these boulders were placed at the toe of the slide has
been an outward bulging of the line of boulders. The line
of boulders is now curved outward at about the center of
the slide. ©No movement of these boulders has been ob-

served in the last three years.

Slide Number k4

Slide Number 4 is actually a series of slides that occurred

during construction of the highway and at various times since

-13-



then. Some local movements have been observed along
the entire hillside for a distance of about two miles of

dghway. In all cases these are movements similar to

(<Y

that described for Slide Number 2. All of these slides

are in the detritus and soil mantle that covers the slope.

An examination of this mountain indicates that there have
been slides in the natural rock and soil mantle for long
veriods of time. Same scars were observed that have occur-
red as recently as one or two years back. Other slide scars
were evident that had large oak trees growing from them,

indicating that these scars were very old.

The slides along this sidehill have been a continual main-
tenance problem since the road was constructed. The usual
corrective measures consist of removing the material that
slides onto the road from the backslopes and filling the
scars left by slides on the downhill side of the road.

In several instances the centerline of the road has been
moved toward the hillside so that all of the roadway is on
-natural ground. In these instances the movements have
ceased. Perforated pipe was installed in the up-hill ditch

and drained across the road at the lower end of the movement

-1k~



at one location. This work stabilized this particular movement.
There is no good estimate of the costs that have been incurred
by these slides. One major slide that occurred during con-

struction cost approximately $35,000 to correct.

All of the slides on this hillside are due to the weaken-
ing effect of water seeping down the hillside through the

loose mantle of soll covering the natural rock.

Slide Number 5

The slide occurred in the fill portion of a sidehill cut
where the roadway crossed a small gulley. The conditions
at this location are very similar to those of Slide Num-
ber 2 except that Slide Number 5 is nearer the top of the
hill; however, water is observed seeping from the backslope
and nillside above the roadway. The corrective action at
this location consisted of moving the roadway so that it
could all be placed on the natural ground eliminating

any fill.

Slide Number 6

The roadway at this location is on fill for the entire




width of the cross section. The fill at the left shoulder
line is about two feet and at the right shoulder line it

is about thirty feet. The embankment is placed on a stratum
of shale. The portion of embankment that is moving is at
the point where the roadway goes from a cut section to a
fill section. The toe of the slide is approximately 100'
from the center line of the road and at an elevation

of about fifty feet below the roadway. Water is seeping
from the shale in the cut section on the uphill side of

the roadway. See Figure 3.

A deep Gitch was excavated into the shale on the uphill
side of the roadway to intercept as much of the water as
possible, but this has not entirely corrected the move-
ment. There is still some movement and cracks can be ob-
served in the roadway pavement indicating some additional
movement at this time. Considerable water is seeping from
the toe of the slide. It appears that this water may be
Tlowing out of the hillside at some depth below the roadway
in a diagonal direction across the roadway fram the cut

.causing a movement of the fill on top of the shale.

Slide Number 7

This slide occurred in the backslope during construction.

=16~
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i

izure 4 shows a cross section of the highway prepared

by

during construction as a part of a field change to the
riginal contract. The original backslope was to Dbe
1:1, as shown by the dashed line. The first slide oc-
curred immediately after the contractor excavated the
slope. Tae slope was then Tlattened by field change
<0 a 2:1 slope with two 10 Toot berms. Again the slope
failed almost as soon as it was excavated. There have
been some recent movements of this slope. The only work
done at this location since the contractor completed the
job is to remove the materiel that slides into the road-
way ditch. Figure 5 is a picture of the backslope at this
time. The cost of the field change was approximately

$19,855 plus additional right-of-way.

Exenination of the slope at this location shows that
there is an outcrop of shale near the bottom of the
slocpe. Water is flowing from the backslope along the top
of this stratum of shale. The material of the slide is a

clay silt with some loose rock.

Slide Number 8

The shape of this slide is shown in Figure 6. Figure

7 is a profile of this slide in the direction of move-

-17-
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ment, and Figure 8 is a picture of this slide. This
movenment occurred shortly after construction was com-
pleted and was comparatively rapid. No one witnessed this
slide but all evidence indicates that it occurred in a
matter of an hour or less. Tables 1 and 2 present the
vertinent test information for the soils in this em-
bankment. Physical evidence at this site indicates that
there is considerable water flowing over the embankment

at this location. It is the water that falls on the bridge
and is concentrated at this point. The only corrective
action taken at this location was to redress and reshape
the slope. No attempt has been made to add extra sta-

bilization or take sny other corrective action.

Slide Number 9

The conditions surrounding this slide are identical with
those of Slide Number 8. Figure 9 shows the shape of this
slide. Figure 10 is a profile of this slide taken along
a center line in the direction of movement. Tables 1 éﬁd

2 present test data for this soil.

-18-
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TABLE 1

PHYSICAL PROPERTIES OF EMBANKMENT SOILS

Landslide Density (pef)  Moisture (%) Iigquid Plasticity
Number AASHO T 180 Opt. In-Place Limit . Index
. Max. In-Place

8 109 76 19 30-45 80 45
9 111 71 17  30-45 67 L1
10 -—- 78 - 33 - -
11 -— 72 -- ko 79 by

Volumetric Shrinkage  Specifiec Silt’ Clay

Shrinkage Limit Gravity Size Size

(% ary vol.) (%) (%) (%)

8 129 12 2.73 26 4
9 | 141 10 2.77 3L 66
10 - == —_— - e

il 157 1% - - -




TABLE 2

SHEAR STRENGTH

Undisturbed Samples

Landslide lShear Unconfined 2Friction 2Cohesion
Number Strength Compression Angle (Tst)
Ton/SF Ton/SF (degrees)

8 0.38 0.94 2.5 0.4
9 0.k0 0.85 — o.b
10 0.48 -— - ———

11 0.3k 0.66 —— —

lDirect shear apparatus normal load 120 1b/S.F.

2Priaxial compression

-20-




Slide Number 10

The soil conditions at this location are generally the

. same as those at Slides 8 and 9. The only difference in
this slide is that it occurs in the embankment slope ap-
proximately 200 feet from the end of the bridge. An attempt
was made to stabilize this slope by driving piling into

the embankment at the foot of the slide. There has been

no further movement at this point; however, some of the
piling now lean outward. The embankmént slopes three

horizontal to one vertical.

Slide Number 11

The conditions surrounding this slide are essentially the
same as those at locations 8 and 9. Tables 1 and 2 show
the soil test data for samples taken at this location.

An attempt was made to take undisturbed samples from the
slide material, but this attempt was not successful be-
cause the soll was so soft that it could not be retained
in a thin wall sampling tube. The water content of the
‘material in the slide varied from 50 to 53 per cent on

three samples. The undisturbed samples for shear

21




test were teken from the embankment approximately five feet from

the edge of the slide and at a depth of twenty-four inches below

the surface of the slope. Much of the slide material completely
liguified during the movement and flowed past the toe of the slope
and across State Highway 181 which passes close to the toe of the
slope at this point. The evidence of excess water flowing down the
-slope at tﬁis point is very pronounced. The concrete slope protection
under the bridge shows considerable movement. See cracks shown in
Figure 11. This movement of the slope protection appears to have
pushed the first interior bent out of line as indicated by the posi-
tion of the expansion shoe shown in Figure 12. The expansion joint
at the end of the bridge is of the sliding plate type and has opened
much wider than normel. This apparentiy is funnelling all of the
water from the end span of the bridge onbto the bridge head at

this location.

The amount of water during any one shower is not excessive but
the end bridge span has no scuppers so that all of the water
from even a light shower flows onto the embankment. The em-
bankment at this point is kept much wetter than the remainder

of the embankment.

There are a total of seven élides in the embankments in the
vicinity of West Memphis in addition to Slide Number 1l. Six
orf the slides on the interstate System near West Memphis occur

in similar locations. ' This locafion is in the curve of the

22—
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slope at the end of the bridge. All six are in the location
where the water from the bridge flows over the bridgehead soil.
All of the soils are approximately phe same.

o*féﬂb II 44%¢#V2§3?
The foregoing 17 slides can be divided into three groups. The
first group is often referred to as slipouts. Usually part of
the roadway 1s lost. This creates a special hazard to traffic.
Slides Number 1, 2, 4, 5, 6, 12, and 13 are of this type. Slide
number 1 and several of the slides that are listed together as
Slide number 4 occurred during construction. There is some
continual movement on the sidehill south of Jasper called Slide

number 4. Slide number 2 is typical of all of these.

The second group of slides are those that occur in the back-
slopes during or shortly after comstruction. -Slide number 7

at Leslie 1is the most serious of these. The slides included

in this group are Slides number 3, 7, 14, 16, and 17. All of
these slides are due to excessive sesvage pressures and steep
backslopes. These slides rarely create serious traffic hazards,
however there is always a possibility that some of them may flow

into the roadway, blocking part of the road.

The third group of slides are those that occur in newly con-
structed embankments. All of these have occurred in the em~
bankmenits constructed in the vicinity of West Memphis and are
constructed with the same kind of material. Slides number 8,
9, 10, and 11 are of this type.

-23-




INSPECTION TRIP
TO

TALIHINA AND WILBURTON, OKLAHOMA

An inspection was made of several slides in LeFlore and
Latimer Counties. The principal slides in LeFlore County
were on U, S. 271 approximately nine miles northeast of
Talihina, Oklahoma. The slides near Wilburton were on
State Highway 2 at Robbers Cave State Park in Latimer

County.
SLIDE NORTHEAST OF TALIHINA, OKLAHOMA, CN U.S. 271

This slide occurred in the backslope of the highway where
there was side hill construction. The slope itself was in
the coluvial material of a small gulley formed by water flow-
ing from the top of the hill. Approximately 1,000 feet of 2
inch black perforated pipe and 500 feet of galvanized pipe |
were used to drain the water from this slide. This work was
-accomplished during the year 1959 at a cost of $12,222. It
was reported that water has flowed from the pipe in this slide
continuously since it was installed in 1959. At the time

of inspection, the two inch header pipe was flowing approxi-

—2h-



mately one-fourth full. The Division Engineer of the Okla-
hcma Highway Commission stated that the installation of
this perforated pipe resulted in this fill being stabilized.
There had already been considerable movement before these
installations were made but no movement had been observed
since the pipe was installed. It was estimated that it
would have cost $50,000 to correct the situation had the
slide not been stopped by this drainage process. Water
flowed fram abou$ seventy per cent of the holes that were

drilled in this slide.

SLIDE AT ROBBERS CAVE STATE PARK, STATE HIGHWAY 2

The work at Robbers Cave State Park on State Highway 2
was accomplished in 1958. These slides were in sidehill
construction. That portion of the road constructed on the
fill was sliding. Actual movement had occurred for a con-
siderable length along the embankment to the extent that
the soulder had faulted to a depth of about four feet

in some cases. In other cases it was observed that the
usual tension cracks were showing along the pavement at
about the quarter point of the outside traffic lane. The

writer inspected this loc¢ation in 1958 while the drilling
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was in operation-and observed the extent of the sliding that
had taken place. At the present time there is on evidence

of additional sliding. It was reported that the fill has
been completely stabilized. A small amount of water was
Tlowing from some of the drain pipes at this time. It was
Turther reported that in almost every case comsiderable

water was observed to flow from the pipes shortly after
periods of rainfall. About sixty per cent of the pipes in
this embankment obtained a flow of water. The cost of in-
stallation of pipes at this location was $13,096 for a length
of embankment of approximately 1,000 feet. Again in this case
is was very evident that the installation of these pipes was
a major factor if not the entire cause of stabilizing this

embankment at a saving of many times the cost of the operations.

The perforated pipe wés installed by using a specially builﬁ
horizontal drill. A hole was drilled into the embankment

after which the perforated pipe was installed. The operator

had no difficulty with the holes caving before the pipe was
installed. It was reported that the operator of the drill could
control the direction of the drill both horizomtally and vertically
to the extent that the forward end of the pipe could be placed
within a foot or two of the desired location at a distance of

100 feet from the machine.

The Division Engineer used an interesting method of determining

movements of a slide by installing plastic tubes. These.

plastic tubes were installed vertically through the embankment at

abcout the shoulder line for the purpose of determining any move-

‘ments that might be taking place in the embankment. The tubes

were approximately three-fourths inch inside diametér. In checking if there
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were any movement, the pipe is filled with water to determine

whether movement has collapsed or broken the pipe.

In one case Oklahoma found that they were getting move-

ment on an embankment on a bed of shale and clay some
distance below the roadway. In this case the movement

was stopped by the use of lime. Vertical holes were drilled
down to the clay. Lime was put in these holes and flushed
down with water. The use of the lime in this case reduced
the softening effect of the water and reduced the plas=-

tieity of the cleay.
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GENERAL GEOLOGY OF SLIDE AREAS IN OKLAHOMA

Jake Clements, Jr.

The slide areas are located in the northern portion of

the Ouachita Highland physiographic province. The geology
of this area is similar to the Ouachita Mountain province
of Arkansas. The general topography is of sandstone ridges
and valleys formed in shale. Crystal deformation is con-
splcuous by the extensive folding and faulting of rock
visible in the area. Most all of the rocks exposed are

of a sedimentary origin and the outcrops indicate dips

of the beds to be steep. Thestratigraphic éolumn was

not investigated but surface geologic formations are

lower Pennsylvanian in age. Seepage water in backslopes
of road cuts was very noticeable. The slides in backslopes
of side hill construction were in colluvial deposits with

outcrops of sandstone overlying clays and soft shales.

28




RESULTS AND RECOMMENDATTIONS

The slide ?roné areas of Arkansas are the Ozark Mountains

in the Northwestern part of the State. The Map of Figure 1
shows this very distinctly. Those shown on this map are by

no means all of the slides that have occurred. A casual in-
spection of the backslopes of any of the highweys traversing
this region will show many slides. Scme are small while others
are rather large in extent. Only those on high backslopes have
created serious problems. This does not mean that the slides
on lower backslopes are no problem. All of them are trouble-
some and expensive to correct. The cost of correcting these
slides and dressing the backslopes is a very large maintenance
item. No solution for these so called small slides is pre=-
sented. It appears that the most economical method of caring
for these 1s to provide flat slopes, greater than 2:1 where
possible and make allowance in the maintenance budget for the

extra work that is required to make the slopes presentable.

Many of these slope failures occur during construction. The
- problem then becomes one of determining responsibility and
whether the failure is to be corrected by the confractor or
to be left for the Maintenance Division. Such a case was
slide No. 7. About $20,000 was spent by a field chahge but

the slide still exists.



Slide number 2 is typical of the slipouts found in Northwest
Arkansas and is a good location for draining by horizontal
drilling and installation of perforated pipe. It will be
necessary to drill Lorizontal drain holes in the backslope

of the roadway and also near the toe of the slope below the
roadway. The chances of this procedure stabilizing the other
fills of this group are good. This is especially true in the
case of slide number 6 as it seems that all of the water causing
this movement is flowing on top of the black shale. In every
case of a slide it will be desirable if not necessary to do

some vertical drilling to determine the location of the water
bearing stratum before a satisfactory horizontal drilling
program can be planned. The slides of this type are found on
sidehill comstruction where the slope is covered with a mantle
of soil and rock. The soil is usually clay to silty clay and

is derived from interbedded layers of shale and either limestone
or sandstone. The movement usually taking place on top of the
impervious shale. No program of horizontal drilling and drainage
- should be planned without the help of a geologist. Much saving of
time and money can be realized by a geological study of the lo-

cation before any drilling work is begun.
The cause of the slides of group two are the same as those of

group one, that is a cbmbination of seepage water and a wesk

soil mantle on top of the parent material.
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The failures of backslopes combined into group two are
less serious than the slipouts of group one, but these
failurés do cause an expensive maintenance problem. They
are unsightly and oftten require the purchase of extra
right-of-way. Flatter slopes do not appear to be the
whole answer to this problem. In scme cases the flatter
slopes may not be needed. In cother cases the flatter
slopes do not prevent slides. The seepage water causing
these failures is usually due to a high ground water table
that has been intersected by the excavation of the back-
slope. In some cases a ditch at the top of the backslope
will intercept water and keep it from flowing over the
slopes. In many cases the only sure cure for ‘these back-
slope failures is horizomtal drilling to imtercept the water
at some distance from the surface of the slope. This
method of drainage appears to be justified for a slide
such as Number 7, however there are many small backslope
slides that are too small to justify this kind of expendi-
ture. Most of the slides such as those listed as Numbers
14, 15, and 16, and possibly Number 3 can be treated aé
-maintenance problems. In this case the only immediate work
required will be to remove any meterial blocking drainage

ditches. The slides will generally stabilize themselves.
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After a period of time the slopes can then be dressed and
made to present a better appearance; One possible exception
to this would be the slope such as Number 17; this is on
the Interstate System where it is more important that the
slope make a good appearance. Also, if there is serious
wmovement here, some of the traffic lanes may be blocked.

In this case remedial action such as drainage and flé.ttening

or benching will be Justified.

Perforated pipe installed in deep ditches will sometimes
intercept sidehill water and prevent or stabilize movements.
It is important that the pipe be installed deep enough that
it intercepts all of the water, otherwise the pipe will be
useless. This will require that the trench for the pipe

be excavated into the impervious layer. The trench should
be filled to near the surface with a graded filter material
and covered with an impervious layer of soi;l.. This method
ls satisfactory for intercepting ground water and should be
considered. Econamics will determine whether this method

or the horizontal drilling method is more satisfactory.

.T.he slope failures of Group Three are generally more of '
a maintenance nuisance than a serious traffic hazard; how-
ever, Slide Number 11 did ﬁlock one traffic lane of State
Highway 181. Seven slides have occurred in this general

area and six of these slides occurred in the seme relative
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" location with respect to the end of the bridge. It can be
seen from Taebles 1 and 2 that the soils of all of thése
embankments are the same. Analyses of these slopes indi-
cate that the factof of safety is above two and in most
cases near three. The shearing stress at which most of the
slides occur is below 300 pounds per square Toot, 'yet all
of the shear tests: Unconfined coﬁpressive , triaxial, and
direct shear indicate that the shearing stress. is in the
vicinity of 800 to 1,000 pounds per square foot, which shows
that the slopes have a factor of safety of 3. This leads
to the conclusion that there is some external cause other
than the steepness of the slope. In this case it appears
to be that there is a high concentration of water at these
locations, otherwise the slope could be expected to fail

at any location along the embankment. The frequency of

wetting is as important as the total amount of water.

Some of the failures on embankments in the vicinity of West Mem-
his may be because of unusual climatic conditions during the
summer and fall of 1965. There was little or no rainfall.

Many cases were observed where large shrinkage cracks appeared
in the embankment. Scme of these cracks were as much as two
inches wide and penetrated to a depth of several feet. The
failures followed then when an unusually large amount of water
was funnelled over the embankment at one .'Location.. There have

been three recent slides where previous rains had closed most

of the cracks.



Inspection at the ends of bridges indicate that there is

8 good possibility of water being concentrated on the em-
bankment at this point. Water is flowing through the ex-
pansion joint and onto the embankment. This accounts for
the large number of slides éccurring in the same relative
location. If the failures were due to the usual rainfall
the failures would not be concentrated in this same relative

location.

Figure 12 shows another result of water running through

the expansion device at the end of the bridge. The ex-
pansion shoe on the first interior span is on the first
interior bent and is leaning in the opposite direction,
indicating that the first interior bent has moved away from
the abutment. This is on Interstate Highway 55 grade se-
paration over Highway 181 two miles south of Keiser. The
embankment under the bridge is protected by precast concrete
rip-rap. It appears that this rip-rap is moving downhill
as indicated by the crack that has opened, see Figure 10.
The force of this rip-rap pushing sgainst the first interior
bent appears to be moving the bent away from the sbutment
“thus causing the expansion joint at the end of the bridge

to open unduly wide.

The solution to the problem of these slides on bridge-




heads is to prevent the water from the bridge flowing
over the embaniment. Two methods of accomplishing this
may be used. The first may be to build the bridges with
no expansion joints at the abutments and to provide water-
tight joints. The water can then be carried by gutters
along the embankment for some distence before discharging
into pipes leading to the toe of the embankment. The
second method would be to provide a gutter immediately
below the expansion joint to intercept the water before

it reaches the bridgehead. This gutter could intercept

the water and discharge it into pipes.

One slide that occurred near Marion several years ago is
of special interest. The embankment was about four or five
years old at the time this slide occurred. Investigation
revealed that the embanlment at this location was honey-
combed with holes dug by rats. Apparently the rats had
dug into the embankment to establish dens for the winter.
The holes and burrows then became filled with water, cre-
ating unusually high seepage pressures and reducing the
shearing strength. This failure has led to a common main-
tenance procedure which is to spread rat poison around the

bridgeheads in this vicinity each winter.




FUTURE STUDIES

It is reccommended that the Arkensas Highway Department initiate
a research project to evaluate the installation of perforated
pipe by horizontal drilling, as a method of stabilizing slides
both of backslopes and slipouts of roadways. This work should
consist of geological studies along with scme vertical drilling
for exploration fallowed by installation of horizontal drains in

typical backslopes such as Slides No. 2 and No. 7 of this study
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Tais avticla dsea rot offar zsay solutdon 2o ¢de many lende
sliles glceg the esast highwey inm Califoznla, dui it dses
illusgrate the davege that & lsndslide csn 2avse end tha

problem of providing @ corvaciive mpasura.

Celifsznia hag spent meny milliens of dellags a2 & vsaulic
cf lsudslides slong highwsys.
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This aveicls 13 concernad with Tazoo Clay., It dfscussss
the affacts of molsturs com2ant on the eclzy. The maia
cause of sliding 48 the dryinz of zhe clay during cca-
stxuctien. Whem dry, the clay slakes and ghrinkaze ecrachs
occur. Upea wizttiang the slaked matarial slides.

A s80d mat placed bafore 2he clay dries iz recosmended fop
prevention of glidas. Nsvsr allew che elay to dvy.



