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INTRODUCTION

. In years past the design and construction of highway embankments
in California were based largely on considerations of foundation soil con-
ditions. For the most part the largest fills did not exceed much over 100
feet in height. The normal precautions of providing 1-1/2:1 or 2:1 side
slopes and requiring a minimum relative compaction of 90% were generally
sufficient, for most soils encountered in fill construction, to provide ade-
quate stability within the embankment. The consolidation and strength
characteristics of foundation soils have been of much greater concern,
especially where marshy soils were encounteréd. While elaborate design
and construction procedures have been developed for fills as a result of
intensive foundation investigations, there has been very little need or moti-
vation, up to this point, to examine the stress and strain characteristics of
embankments,

In more recent times, with the increasing tendency towards design-
ing and constructing embankments from 200 to 400 feet high, there has been
cause for concern regarding the structural integrity of the fill itself, On
several occasions considerable subsidence of the roadway surface and some
bulging of the side slopes has been observed in moderately high fiils, where
foundation conditions were apparently sound and firm. This has led to con-
jecture that compression and horizontal movement or so called 'fill dialation'
was occurring in these instances. It is considered highly probable that the
stresses resulting from high fill loadings could actually exceed the strength
of some soils used in embankments under certain circumstances. Various
theoretical approaches have been made to the problem but a very serious
need is felt for data relating to actual compression and movement encountered
in high fills,

Since this factual information is not available from previous experience,
it was decided to select a specific 'high fill" project and instrument several
embankments to obtain vertical and horizontal movement measurements at
various points within the fills. The project chosen for this purpose is located
approximately 15 miles west of I.os Banos and "skirts'' along the edge of what
will ultimately be the San Luis Reservoir. The project involved the construc-
tion of a new four lane divided highway which varies from a minimum elevation
of 100 feet to a maximum of 1400 feet at the summit of Pacheco Pass and spans
many canyons of the Diablo range. At the lower elevations the vegetation is
sparse grass on rolling hills and at higher levels the canyons deepen with rock
outcroppings and scrub oak on rather steep walls., Foundation conditions for
the embankments are generally excellent with very little settlement anticipated
under planned fill heights ranging from 150 to about 250 feet., The location map
shown in Figure l shows the layout of the project.

The San Luis Reservoir Relocation Project represents the first attempt
by the California Division of Highways to obtain direct measurements of both
horizontal and vertical movements at various levels within fills. While the
instrumentation for vertical movement presented no problems, since settle-
ment platforms of the types employed in many previous foundation studies
could be used for this purpose, there was no device immediately available for
measuring horizontal movement. After considerable investigation and labora-
tory trials, an arrangement involving a system of plates, cables anud survey-
ing methods was devised to accomplish the purpose. Although preliminary
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indications were promising for the success of the venture, it remained
for the first series of actual field installations to prove the worth of the
system.,

It is the purpose of this report to describe the installation of the
various equipment and discuss the limited test data collected to date,
No detailed analysis of data, with respect to stress and strain distriby-
tion within the fills, will be made at this time. A future interim report
will cover this phase of the study when sufficient data becomes available,

Fy

CONCLUSIONS

Approximately two years have elapsed since the intial installation
of devices designed to measure horizontal and vertical movements within
the two large embankments. The data acquired from the installation is
encouraging in that it indicates that movement within high fills can be
measured. It is anticipated that movements at one of the test sites may
accelerate, upon completion of the filling of the San Luis Reservoir, due
to the rise of water part way up the embankment. It is expected that the
water level will fluctuate rapidly accelerating the movements through the
mechanisms of lubrication and rapid drawdown.

In some instances the data is incomplete for various reasons such
as reference points being inadvertently destroyed during contractor's opera-
tions, malfunctioning of settlement devices, etc, While numerous technical
difficulties were encountered with instrumentation in this first study, we
believe that the knowledge and experience gained can advantageously be
applied to additional installations on other projects which will effectively
produce more complete measurement data,

METHOD OF INSTRUMENTATION

Two embankments were chosen for instrumentation; one at Station
80400 and one at Station 164450, The embankment at Station 80+00 has a
maximum height of about 260 feet at centerline, with 1-1/2:1 slope, 1000
feet in length and a base width of approximately 1050 feet. The embankment
at Station 164+50 has a maximum height of approximately 190 feet at center-
line, with 1-1/2:1 slope, 2200 feet in length with a base width of approximately
1000 feet. Ultimate highwater level in the reservoir will occur about 40 feet
above the toe of the fill at Sta. 164450,

Although there are variations of the soil in the area of these fills,
it is basically a brown, silty clay containing considerable large rock. On
- occasions the rock was so massive that blasting was necessary for excava-
tion. Figure 2 illustrates a typical example, showing the character of
material making up the embankments. The fill material at the test sites,
with the exception of the backfill around the culverts, was excavated from

cuts adjacent to the embankments.

Descriptions of Instruments

Several types of devices were installed within or on the chosen embank-
ments. They are: (l) horizontal movement devices, (2) settlement platiorms
and (3) survey monuments placed at various locations on the‘: su?face‘ of the
fills. A brief description of the various apparatus involved is given in the

following paragraphs.

ChihPDF - wWww.fastio.com


http://www.fastio.com/

3

The lateral movement, within the fiils, is measured by means of
horizontal movement platforms and associated indicating units, The plat-
forms consist of 12 inch square plates composed of either wood or steel.
Placement of these platforms begins with the excavation of a trench {approxi-
mately 3' x 3! jn section) across the fill, at right angles to the road center-
line, when the desired elevation of the embankment is attained during con-
struction (see Fignre 3). A series of the plates are then embedded srosswise
?,nd‘r on edge in the bottomn of the trerch at horizontal spacings of about 50+10

eet, B

Referring to Figure 4, it can bte seen that an individua. catie (aircraft
type) is attached to each platform and extends to a movement indicator box
mounted on the side of the fill. Each plate has a hole ir the certer to ajlow
passage of cables from platforms located further inside the 11 (see Figures
5 and 6). The cables are protected oy a plastic conduit, as they extend
through the fill, and slip joints are previded at eack platform and ‘rd’rator
box (see Figures 7 and 8).

The horizontal movement ~dicator box {HM1} is anchored in corcrete
at approximately the same elevation or the fill siope as the platforms are
located within the fill (see Figures 9 and 10}, The cables exterd through the
sheet metal indicator box, pass over puileys and terminate in unsupported
50 pound weights. These weights are provided to eliminate 'siack' ir the
cables and maintain constant positive tension for sensing platform movement.
Marker points are affixed to each cable, inside of the irndicator box, and are
read against a foot scale attached to the bottom of the box for measu*ing
relative platform movement (see Figure 11). The scale is arrarged with the
zero end toward the fill and with increasirg values, in feef, away from the 11,

Both the horizontal and vertical movement of the indicator kox, cr the
outside of the fill, is checked Ly means of transit and differertial ievel surveys,
For horizontal movement, permarert referen-e points ({RP) are estatlisned
with a transit on originai ground, at beth ends of the fill, for each level {or
group} of horizontal movement platforms. With one of the reference po'nts
Serving as an iastrument point (1P}, measuremert of horizortal movement is
accomplished by sighting a transit on the refererce points and Liniryg a plamb-
bob over the scale in the instrument hox. For vertical movemert, d'fferential
levels are ''pegged' to each kcrizontal movement indicator from bernch marks
{BM or TBM) established outside of the fill. Figures 12 ard i3 show the loca-
tions of reference points, bench marks and survey lines for each embankment.

The measurement of vertical movement within the i’.! ‘s ac -omp_ished
by the use of water level type settlemert standp/pes. For the purposes of this
study, these standpipes are mounted on the top edge of every otner horizontal
movement platform starting with the center platform, Wher measarements
are being made for settlement, the comblnaticr of the standpipe attached to the
vertical plate is referred to as a settlemernt platform (SP). Whern horizontal
movement is measured, the vertical plate is calledahorizortal movemect plat-
form (HMP), even thcugh a settlement standpipe may be conrected to the top

edge.

Two styles or models of settlement standp’pes were emp}oyednin this
study. The device installed in the fiil at Statior. 164+50 is a modei which has
been used by this departmert, for settlement study purposes, cver a number of
years, As shown in Figures 14 through 16 the device consists of an Open over-
flow stardpipe which is connected, Ly a plasti- tube, to a transparent sight

“CIihPD
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tube (indicator) mounted vertically in a protective box on the outside of

the fill. Water fills the system and the device's operation is based upon

the principle that a liquid seeks its own level, When the ground upon which
the platform is resting, settles, the standpipe overflows and the level in

the sight tube lowers correspondingly. Measurement of relative settlement,
between the standpipe and the indicator unit, is made by simply reading a
scale attached to the sight tube. Correction for any settlement (or heave) of
the indicator unit, to determine the absolute movement of the platform, is
obtained from periodic differential levels,

At the time that the fill at Station 80+00 was constructed, an important
modification of the water level type standpipe became available and was irn-
stalled. This device has an enclosed standpipe equipped with an "air vent"
at the top and an overflow "drain' connection at the bottom, as shown in
Figure 18. In addition to the water line, plastic tubing is run from these
two connections to the outside of the fili, This medification of the standpipe
unit (see Figure 17 for photo of standpipe base) has a distinct advantage over
the older style design in that the ''sealing'' of the unit essentially eliminates
measurement errorscaused by "air locking' and/or '"flooding. "

Backfilling operations, for the trench, is vndertaken after all hori-
zontal movement and settlement platfcrms have been cormected to their res-
pective indicator units and '""checked out'! for propetr coperation. Since the fill
material in both embankments is quite rocky, it was the practice to backfill
the first foot or so of the trench with a fine grained aggregate {(gererally less
than 1/2" max. size) to protect the tubing and conduits from rock damage. In
addition, this aggregate was also'piled' up around the settlement standpipes
for the same reason, Figures 19 and 20 illustrate this process.

Installation

Installation of the various devices at Station 164+50 began on July 30,
1963, with the placement of two settlement platforms on original ground in the
area where the main body of the fill was to be situated. The first unit of hori-
zontal movement platforms and assocliated settlement platforms were installed
on October 8, 1963 when the fill had attained an elevation of about 580 feet.
This installation consisted of eleven horizontal movement platforms and five
settlement risers attached to alternate horizontal movement platforms. A
second group of seven horizontal movement platforms and three settlement
risers was installed at elevation 635+ on January 9, 1964. Spacing of the plat-
forms is about 40 ft. horizontally and care was exercised to align the plates in
’ this group vertically with those in the previo.s installation. A third set, con-
sisting of three horizontal movement platforms and one settiement riser was
placed at elevation 687+ on February 27, 1964. As before these devices were
- aligned vertically with the previous irstallations. The total instrumentation at
Station 164+50 consists of 21 horizontal movement platforms and 11 settlement
platforms. The locations of these instaliations, as placed, are shown on the
accompanying cross-ection sheet, Figure 21. Generai views of typical installa-
tions are illustrated in the photographs shown in Figures 22 through 27,

The fill at Station 80+00 was instrumented at two elevations fifly feet
apart vertically, as indicated on the attached cross-section, Figu.re Ne. 28,
Installation of the first group was made on May 16, 1964 at elevation 7834,
Tt consisted of nine horizontal movement platforms and five settlement platforms.
The second group was made on July 11, 1964, and corsisted of seven h.orizontal
movement platforms and three settlement platforms. Horizontal spacing of

these devices is approximately 60 ft.
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When the roadway was completed, bronze monuments were set in
concrete on top of both fills, along centerline and at the outer edges of the
pavement, Seven monuments were set on each of the two test sites to measure
the settlement and horizontal spread of the fill surface. See Figures No, 12
and 13 for the locations of the monuments.

DISCUSSION OF TEST DATA

Horizontal Movement Platforms

The horizontal movement platforms were installed to measure the hori-
zontal compression and tension within the fill mass. These readings are shown
in Tables I through V. There are two methods of checking the accuracy of these
readings. One of thesemethods assumes that the center platform does not move.
In this case, the cable and survey measurements, conducted on the outer boxes,
should indicate a comparable movement. Examination of the Tables indicates
that there are some wide discrepancies within this data. The snurvey data
indicates that movement,in some installations, occurred between the first and
second readings whereas the cables do not indicate movement within this time
interval., Later survey readings check the cable measurements and indicate
that only minor movement has occurred.

The other method of checking accuracy utilizes the fact that the central
horizontal movement platform is connected to a "through'cable which extends to
the indicator boxes on each side of the fill. Again the cable and survey data are
irrational in that the central platform is shown to move in a specific direction at
one indicator and in the opposite direction at the other.

It is felt that these discrepancies were primarily due to inaccuracies
occurring in the initial surveying conducted shortly after the installations were
made, Difficulty was experienced during this period, in establishing good refer-
ence points within reasonable sight distances from the indicator boxes.

Several of the established reference points were destroyed by construc-
tion operations and accurate re-establishment of these points on the original
sight lines was very difficult, In addition, several of the indicator boxes were
severely damaged by large rocks rolling down the fill slope during construction.
This occurred in spite of the precaution of placing concrete wingwalls above the
indicator boxes (see Figure No. 25). While the indicators and reference points
were apparently satisfactorily restored, the effect of these disruptions upon the
accuracy of readings obtained during the period shortly after installation remains

in question.

In spite of these early difficulties however, it is felt that the installations
are still capable of providing useful movement data. It appears that the first
few readings should be abandoned and subsequent readings referenced to the
January 1965 measurements. Unfortunately, this date is after the end of con-
struction and precludes this key period from the study. However, with the
ultimate filling of the San Luis Reservoir, it is anticipated that valuable hori-
zontal movement data may well be obtained.

Settlement Devices

The concurrent installation of the various types of settlement devices,
along with the horizontal movement platforms, was designed expressly for
determining the degree of campression occurring within the embankment.

Tables VI through IX show the accumulated seftlement measured from settlement
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platforms,level surveys of horizontal movement indicator boxes, mounted
on the slope of the fills and monuments placed on the tops of the fills, The
heights of the fills at various stages of construction are also given in
Table X,

While considerable settlement data has been acquired, in connection
with the two embankments to date, there have been serious problems involved
in obtaining rational measurements from many of the individual settlement
platforms. As in the case with the Horizontal Movement Platforms, one of
the main factors causing the difficulty with the settlement platforms was the
repeated extensive damage incurred by the indicator boxes from large rocks
rolling down the fill slope during construction, as shown in Figure 25., .
The frequent upsetting of water levels with the attendant probability of getting
air in the water line, along with the discrepancies caused in the surveyed
reference elevations of the indicators, sometimes resulted in faulty measure-
ments,

There was another factor which apparently only affected the settlement
platforms in the fill at Station 164+50. This concerned the fact that old style
water level type settlement platforms, which do not normally have provisions
for air venting to the outside of the {ill, were used. It appears that the dense
character of the soil in the vicinity of several of the settlement platforms
prevented the proper equalization of barometric pressure between the stand-
pipe and the outside of the fill and resulted in the development of an "air lock"
in the water level system. An air lock will prevent the water from
attaining equal levels between the standpipe and indicator tube and thus pro-
vide faulty readings. This phenomena apparently caused SP 65, 66 and 67 to
go out of service. Since the newer style of settlement platiorm, which embodies
both air vents and overflow water drain lines, was installed in the fill at Station
80+00, this particular problem was not encountered at that location.

Determination of compression in the fills will be rather limited due to
the loss of the ''out of service' settlement platforms. However with continued
acquisition of settlement data from the monuments, Horizontal Movement
Indicators and remaining Settlement Platforms, it is possible to derive some
useful information on the subject in the future.

Suznrnary

A review of Table I through V reveals that, in general, lateral move-
ment within the fills has been fairly small. Considered on the basis of
accumulated movement from the time of installation to December 1965 (about
2 years) the movement of the platforms, relative to the indicator box {cable
readings), is in the order of . 06 foot at Station 164+50 and . 30 foot at Station
804+00. Relative movement from January 1965 to December 1965 (the period
after construction) has been .02 foot at Station 164450 and. 04 foot at Station

80+00,

If one considers the absolutesmovement of the platforms (i.e., corrected
for the movement of the indicator boxes) then the values become larger., For
the two year period, the accumulated movement at Station 164+50 is about . 30
foot and .40 foot at Station 80+00. In the year after construction the accumulated
movement was approximately .06 foot at Station 164+50 and .07 foot at Station

80400.
In looking back at the probems encountered with the instrumentation on

this project, it is felt that a lesson has been learned witl} regal.*d to the :fnaking
of future installations of this type. Of primary concern is the inherent risk of
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damage to indicator units, mounted on the sides of the fills, during con-
struction operations.

It is now apparent that the concrete "wing walls, '"" provided on the
San Luis project for protection of the exposed units, are totally inadequate.
As a consequence, special instrument shelters have been devised and are
presently being used on the ""Ridge Route project' where horizontal and
vertical movement devices are being installed,

The shelters are constructed of "ends'' cut from steel "surplus"
migsile containers provided by the U, S. Navy. These sections are about
6 ft, in diamter and 6 ft, long. Due to space limitations it is necessary to
provide a spring tensioning systemn for the cables rather than using dead
weight, as was done on the San Luis project. Figure 29 illustrates the
arrangement for the horizontal movement indicator and the general con-
figuration of the shelter with a plywood door panel installed on the open end,
Adequate space is available on the rear metal wall to mount settlement indi.
cators and other devices, as shown in Figure 30. With the shelter bedded
firmly in concrete and covered with fill, as illustrated in Figure 31, a safe

housing for the indicator equipment is provided.

The opinions, findings, and conclusions expressed in this publica-
tion are those of the authors and not necessarily those of the Bureau of
Public Roads,
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TABLE X

FILL ELEVATIONS AND HEIGHTS ABOVE ORIGINAL GROUND

San Luis Obispo Reservoir

Relocation Project

Fill at Station 164+40 Fill at Station 80+00
Average Height Average Height
Date Elewation Above O, G, Date Elevation Above O.G.
{(ft.) (ft, ) (ft.) {ft. )
8-1-63 537 0 3-.23-64 695 0
8.2 552 15 5.22-64 795 100
g-2 554 17 7-16-64 850 155
9-6 558 21 Sept. 64 950+(5.G.) 255
9-10 561 24 -
9-19 564 27
9-25 568 31
10-1 577 49
10~10 583 46
10-18 586 49
16~31 593 56
11-7 601 64
11-12 606 69
11-15 610 73
11-19 613 76
11-22 617 80
11-29 620 83
12-6 626 89
12-13 630 93
12-20 636 g9
12-30 641 104
1-8-64 647 110
1-15 653 116
1-24 659 122
1-28 661 124
2-5 667 130
2-14 676 139
2=27 685 148
3-20 708 171
415 719(5.G.) 182
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Figure 2. Typical example of soils
composing the fills at Station 164+50
and 80+00

A view looking down on the trench, being excavated,
at Station 80400 for the horizontal and vertical movement

Figure 3.

installations,

ClibPD www fastio.com -
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FIGURE 4
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Figure 5. Horizontal movement platform Figure 6. Horizontal movement platform
constructed of wood. Note cable attach- constructed of 3/8'" steel plate. Used at
ment and pipe flange arrangement, Used Station 80+00,

at Station 164+50,

Figure 7. Laying of the 1/2' plastic Tigure 8. Horizontal m'ovement plla‘tform
conduit, for containing the cables, in in place ready for bac-kfl!l.li Note s ép
the trench bottom joint where rag ''stuffing” is exposed.
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Figure 9. Horizontal movement Figure 10. View of horizontal move-

indicator box supported on iron ment indicator assembly, from the
""chairs'' in preparation for placin fill above, after placement of the concrete
the concrete foundation. foundation.

View looking down into a Horizontal Movement Indicator
box showing the arrangement of cables, scale and marker points.

Figure 11.
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Figure 16. Settlement platform
with protective '"downspouting''
cover in place, ready for backfill.
Note plastic tubing for settlement
platforms on either side of the
trench.

Figure 15. Settlement standpipe
(old model) mounted on a wooden
vertical plate to form a settlement

platform unit.

Figure 17. Settlement standpipe

(new model) base mounted on a steel
vertical plate to form a settlement
platform unit, Note cable tie to plate.
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Figure 19. Placement of backfill
material in the trench and around
the settlement platforms. Note
rocky condition of fill.

TFigure 20. Background: Completion of
backfill with material excavated from
trench. Foreground: Aggregate backfill
material is yet to be placed around conduit
in the trench bottom.
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Figure 22. General layout of Figure 23. View showing the protective
1’10r.1z0nta1 movement and settlement  concrete wingwall arrangement behind the
indicator assemblies. installation.

Figure 24. A typical example of the
severe damage often inflicted on
installations from large rocks rolling
down the fill slope during construction.
Compare with Figures 22 and 23.

Note the almost complete destruction
of the '"protective' wingwall.
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Figure 26. An 'up slope' view of the

Figure 25. A completed installation
completed installations at Station 164+50,

with '"boxed in'' cable, pulley and
weight assembly.

A view looking along the

Figure 27.
11 at Station 164+50 in an easterly

direction.
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Figure 29. Instrument shelter showing
the placement of the horizontal movement
indicator inside, along with the attendant
spring tensioning arrangement.
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Figure 3l. A view of an instrument
sheclter installed in a fill on the
Figure 30. Settlement indicators and Ridge Route project.

other instrumentation mounted on the
back wall of the shelter.
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