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ABSTRACT:  Continued inclinometer measurenents at borehole sites installed in
1964 in northern California suggest that previously reported rates of soi
creep are excessively high. Upon analysis of 35 access casings located in
forested and grassland sites, no consistent direction of soil movement coul d
be detected. In addition, no significant rate of soil creep could be found
for the 8 years in which boreholes were nmeasured. The study enphasizes the

i mportance of obtaining intimte contact between the sides of the borehol es
and the access casing, if soil creep measurenents are to provide useful data
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MEASUREMENT OF SO L CREEP BY | NCLI NOVETER

Robert R Ziener!?
| NTRCDUCT! ON

Soil creep often fails to be noticed as a najor factor in slope erosion and

| andscape evol ution--mainly because it is |less visual than other nass erosion
or fluvial processes. Found in varying degrees of association with nost
other types of soil nmass movenent, soil creep is the slow, downward novenent
of entire hillsides. On slopes conposed of deep, cohesive soils, soil creep
is the major process of mass erosion. This quasi-viscous nmovement of the
soil is the result of shear stresses sufficient to produce permanent defor-
mation, but too small to cause discrete shear failure. Creep often is a
critical. factor in the progressive failure of overconsolidated naterials that
ultinately leads to slunps or earth flows.

Kojan (2) reported representative creep displacenents for three forested
sites in northern California to be about 2.165 inches (50 nm) per year on the
basis of first-year results from 1965 to 1966 (table 1). Cbservations of the
four boreholes used in his study suggest that the reported displacement rates
are excessively high, In fact, no consistent direction of soil novenent was
detected for the duration of the study,and no significant rate of soil creep
was found in the 8 years in which the borehol es were observed

This report presents a new analysis of data already reported by Kojan (2),
anal ysis of new data for the period 1965 to 1972, and offers some concl usions
based on this nore recent study.

I NSTALLI NG AND MEASURI NG BOREHCOLES

To study the nature of soil creep, Kojan (2) began installing a network of
borehol e access casings in 1964. By 1966, about 150 had been installed at 17
sites representing a wide range of soil and vegetation types in northwestern
California. One site, having 73 access casings, was on, and adjacent to, an
active landslide near Mraga, California. Six of the 17 sites, representing
28 access casings, were in forested |ocations.

'Research Hydrol ogi st, Pacific Southwest Forest and Range Experinment Station,
Forest Service, U 'S. Dept. of Agriculture, Berkeley, Calif., stationed at
Arcata, Calif



The access casings were installed by drilling a borehole with a 3.504-inch
(8.9 cm diameter drill bit. The holes were to be drilled at |east 3.28 feet
(1 m into bedrock to obtain a stable foundation. A 2.6-inch (6 cm OD poly-
vinylchloride (PVC) tube was pressed into the borehole. Because the soil was
rocky, the dianeter of the borehole often exceeded 3.504 inches (8.9 cn.

The greater the rock content, the nore irregular, and in general, the greater
the diameter of the borehole.

After the plastic casing was forced into the borehole, the site was allowed
to stabilize for one winter before the initial inclinometer survey was nade
Kojan (2) assuned that any adjustnent of the hole-casing interface would
occur within this period: that is, any voids in the borehole would coll apse
and fill during this time. Subsequent movenent in the orientation of the
casing thereafter would then be due to deformation of the slope through soi
creep.

The access casings were periodically surveyed by neans of a Swedish Geotech-
nical Institute Strain-Gage Inclinoneter (). The instrunent was nodified by
installing high resolution strain gages. The inclinometer was calibrated
annual ly in the | aboratory by using a high-precision sine plate, gage bl ocks,
and a granite surface plate. Strain neasurenments were obtained using a

Bal dwi n-Li ma-Hami | ton Mdel 120 strain indicator

Four measurenents of the orientation and inclination of the inclinoneter in
the casing were made at 1.64-foot (0.5 m) depth increnents fromthe soi
surface to the bottom of the hole and replicated fromthe bottomto the
surface. Eight pairs of readings per depth increment were averaged to obtain
the best estimate of strain and azinuth for that depth. These data were
reduced by conputer to yield a projection of the casing along the vertica

pl ane of maximum displacenent, and also on the horizontal plane by nmeans of a
polar projection (fig. 1). Conparison of the casing configuration between
successive surveys showed the direction and anount of novenent of the casing
at different depths in the soil profile.

The first survey of the six forested sites was made in 1965, except for the
100 series holes and plots 14 and 15 in which the boreholes were drilled in
1966 and surveyed in 1967

REANALYSI S OF DATA

To estimate the rate of natural soil creep under forest conditions, the six
forested sites, having a total of 28 access casings, were studied. For
ccnparison one grassland site with seven access casings, |ocated near the
forest sites, was also studied; thus, the results reported below are based on
the analysis of 35 access casings (table 1).

The instrument readings obtained in the field were subsequently correlated to
deternmine the significance of changes in instrunent calibration from survey
to survey (4). This correlation study reveal ed that the annual drift in the
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Figure 1.--Polar projections of the casing form,A, and creep
deformation,B, a: forested plot 10-1. C(reep deformation is projected
on the plane of maximum displacement, which is 230 degrees,(. Projections
A and B are in the southwest quadrunt.
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instrument calibration was significant, and the separate annual calibration
curves were necessary for proper interpretation of the field data.

The next step was to determine the precision of nmeasurement associated with
the field neasurenent. (The nmeasurenment error is the conbined effect of
random i nstrument "noise" and the operator's ability to null the strain
indicator. In practice, these two sources of error are inseparable.) The
variance of azimuth and strain reading at each neasurenent depth was cal cu-
lated for the boreholes fromactual field data, Usi ng these vari ances,
random y generated azimuth and strain values were obtained. From these
generated data, the magnitude of the expected measurenent error can be

approxi mted. The average error was equal to a horizontal displacenment of
the tap of the borehole of about .0787 inches (2 nm per surveyinterval in a
26.25-foot (8-m deep profile, The error is, calculating dispaced area was
about 15.5 square inches (0.01 nf) based on the sane profile depth, The
measured noverment for the 85 intervals reported here exceeded .0787 inches (2
my in al but one interval, and exceeded three times the average error in 79
of the 85 intervals. Thus, it becanme clear that the observed displacenent
substantially exceeded the instrument error in nmust cases.

The steepness and direction normal to the slope were tabulated for each of
the 35 borehole locations (table 1). For exanple, Plot 2-1 is located on a
42 percent west-sout hwest slope. The borehole was drilled in 1964. The
first survey was made in 1965; the second in 1967; and the third in 1972,
The neasured novenent of the top of the casing was south-southeast (82° to
the left of the slope azimuth) at a rate of 1.15 inches/year (29.33 nmmyr) or
a total novement of 2.46 inches (62.60 mm) for the 779-day measurenent in-
terval. During the interval from the 1967 survey to the 1972 survey, the
casing noved at a rate of .054 inches/year (1.38 mmyr), or a total of .266
inches (6.77 mm for the 1,788-day interval, in a south-southwesterly

di rection (58O to the left of the slope azinmuth),

RESULTS

In all but three of the 35 casings, the movenent during the first: survey
interval was substantially larger than that determined by the second and
subsequent neasurenent intervals, The nmovenment during the first interval
averaged nearly 14 times greater than that neasured by the second interval

In the third survey, 11 of the 14 casings showed greater novement in the
second interval than during the third interval. The rate of movenment for the
second interval averaged four times that neasured in the third interval

Only three casings were neasured to produce a fourth interval. Two of the

t hree showed greater novenent in the third interval than in the fourth in-
terval, but the magnitude of the difference was insignificant.

The direction of neasured novenent of the borehole casing was an even nore
disturbing observation, As an initial hypothesis, it might be presumed that
soil creep would generally proceed in the downslope direction. However, the
nmeasured direction of novenent averaged 96° from the downslope direction for



the first survey interval, 76° for the second interval, and 80° for the third
interval. In addition, for the first survey interval only one of the casings
was noving predoninantly downhill, within +30° of the slope azinmuth. But
eight of the casings were noving predoninantly uphill, within +150° of the

sl ope azimuith. For the second survey interval, seven of the casings were
movi ng downhill and seven were moving uphill. In addition, nobst casings
nearly reversed their direction of nmovement between surveys. The change in
direction of novement between the first and second survey intervals averaged
about 130° with about half of the tubes having a direction change exceeding
150°, Between the second and third survey intervals, the change in direction
of the indicated casing noverment averaged about 120°.

In addition, 1.0 locations had second casings installed in 1966. The second
casing were designated with a 100 series nunber. Each was |ocated within
3.28 feet (1 m of the adjacent casing that was installed in 1964. If the
measured nmovement of the casings was in response to soil creep, the tubes
woul d be expected to be nmoving in about the same direction and at nearly the
same rate; however, this was not the pattern observed. N ne neasurenent
intervals span atime period in which direct canparison can be nade (table
2). On the average, the adjacent tubes were observed to be moving 107° from
one another. The range was from75° to 163° The rates of observed novenent
hetween the pairs were quite different. Geater nmoverment in the nore re-
cently installed casings {the 100 series) was observed infour of the six
pairs of casings for the same time interval.

LISCUSSION
Theinstall ationof access casings in boreholes without backfilling is not a
general |y accept abl e techni que, because the casing nmust: come in contact with
the walls of the borehole. Kojan (2) attenpted to solve the interface prob-
lem by drilling access holes approximtely of the sane dianmeter as the out-
side diameter of the casing; the casing was then forced into the hole. His
i dea was to develop, thereby, an alnost inmmediate direct contact of the

casing with the soil materials in the borehole wall. At the time, this
techni que appeared to have a potential for solving a nunber of difficult
probl ems associated with backfilling boreholes in renote nountainous

| ocati ons.

The first year of nonitoring provided sone data that tended to confirm
Kojan's concept (2). Continued monitoring of the casings, however, showed an
inconsistency in direction and rate of novenent in adjacent casings. In
addition, a danped oscillation pattern associated with time after instal-
lation was observed in the casings. These observations led to the conclusion
that there was continuing differential settlement in the boreholes, and that
the casings had not reached a stable contact with the borehole walls--even 8
years after installation. It is difficult fromthese data to determne if
the rate of creep in the study sites is significant. Deformation of the
casing caused by creep is masked by considerable noverment of the casing that



Tabl e 2.--Inclinonmeter surveys of boreholes at sites with second casings!

1968 1970 1972
Plot Azimuth | Slope | Time [peviation’Movement™ | Time [DeviationiMovement® | Time |Deviation|Movement®
( 0) (pct) | (days) | ) (mm/yr) | (days) | (¢ ) (mm/yr) | (davs) (°) (mm/yr)
4-2 123 19 402 +12 10.13 - - —_— - - J— L - -
4-102 123 19 401 +95 29.86 - - -- L —_ e --
6-2 200 26 401 +14 11.88 -- _ L _ _ --
6-102 200 26 403 -61 25.47 - - o . L _ --
6-3 182 18 394 +90 6.81 - - . L —_— _ - -
6-103 182 18 399 +169 29.64 -- o o —_— L —_
10-1 13 35 —_ . - - 617 +47 8.52 718 -26 5.95
10-101 13 35 —_— _ — 616 -56 5.07 686 +113 2.46
10-3 42 35 - - S - - 1059 +162 3.95 683 +71 2.04
10-103 42 35 —_ - - - - 1131 -84 49.43 683 +92 80.05
10-4 340 30 - - - - - - 1131 +111 11.03 687 -53 17.54
10-104 340 30 — —_ J— 1130 -105 2.90 687 +62 11.50
1Under|ined values denote the initial two measurements.
2Degrees from downslope azimuth: + = movement to left; - = movement to right.

3 . . .
Measured movement at top of casing determined from two successive




appears to be associated with the differential settlenent within the
hole. The data can only be used to establish an upper linmit on the rate of
soil creep in the plot.

CONCLUSI ON

This study reiterates the need to obtain intimate contact between the sides
of the borehole and the access casing if soil. creep nmeasurements are to
provi de useful data, Richardson and Burroughs (3) excavated a nunber of
boreholes for neutron access tubes and found large irregular voids in the
borehol e surrounding the access tubing. Wiile drilling, the drill tends to
vibrate and migrate laterally when the bit encounters a rock or other resis-
tance. Often, the conpleted borehole is not a uniformcylinder, but has an
irregul ar shape with voids and chanmbers of various sizes. The spaces must be
filled in some manner. ldeally, the fill material should be of the sane
material that was renoved, but this is often inpossible to acconplish in
practice.

An attractive alternative (which is a common technique) is to grout the
borehol e, working fromthe bottom of the borehole toward the top to elinminate

air pockets. Often, this practice requires special punping equiprment and a
supply of water that is not readily available in renote areas. Another
common practice isto backfill the borehole with fine sand, which reaches

maxi mum density when air-dropped. Unfortunately, in wet holes, sand is
frequently supported on a slurry surface, and it is very difficult to obtain
an adequate backfill bel ow the upper |evel of the slurry.

D.N. Swanston, research geol ogist with the Forest Service Pacific Northwest
Forest and Range Experiment Station is currently installing borehole in-
clinonmeter casings in a 5.12-inch (13 cn dianmeter borehole, and is back-
filling this rather large hole with pea-sized gravel, which nore adequately
sinks in the slurry and fills the annular void space around the tube. The
first-year results of a study using this procedure appear prom sing. Thus
far, little novenent of the new casings has occurred since installation.
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