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ABSTRACT: Moisture and density requirements and zoning of

" three types of materials taken from roadway excavation were

necessary for construction of a 383-ft highway ewmbankment.
Strength tests were performed on samples of the embankment
obtained during construction to compare "as-built" strength
with the strength values used in design. Compression within

the embankment to date is on the order of three feet. Strength
tests were performed on specimens measuring 12 inches in
diameter by 27 inches high containing 3-inch maximum size
particles. The maximum confining pressure was 400 psi. The
triaxial test results obtained when subjecting a single test
specimen to three increments of confining pressure compare
favorably with the results when testing three separate specimens
at different confining pressures. The materials used in
construction proved to be stronger than assumed thereby allowing
a relaxation of the restriction on quality.
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BEHAVIOR OF HIGH FARTH EMBANKMENT
e ) CR ' ST ON UoS'o- 101 N .

- By
Travis Smithl and William F., Kleiman?

Introduction
U. S. Highway 101 traverses very rugged and unstable terrain
in the north coastal region of California. This terrain consists

primarily of weathered sandstone and shale which are derived

‘from the sedimentary rocks of the Upper Jurassic to Cretaceous

Age. The soils and rocks in this area constitute one of the
largest masses of unstable material thus far encountered .in
highway construction in the State of California, The Highway
Maintenance Department'and the traveling public have been
aggravated for many years by numerous landslides: and embankment
slipouts which have closed the highway at times.

Planning Engineers spent several vears studying alternate
alignments to determine the most feasiBle route for construction
of a four-lane freeway with an all-paved section and design

speeds of 60 to 70 miles per hour.

i

Lassis tant Materials and Res earch Engineer =~ Foundation

230ils Engineering Associate . _
California Division of Highways, Materials and Research
Department, Sacramento, California
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To éatisfydesigﬁ.étandards of long‘fadii curves and maxi-
ﬁum grades of three percent several embankments in excess of
250 feet in height were constructed. The embankment acress
Squaw Creek has a maximum height of 383 feet with variable side
slopes ranging from 1%:1 to 2:1.

This paper deals primarily with the construction and
performance ¢f the Squaw Creek embankment and is a sequel to
the paper titled ''Special Tests for Design-of High Earth Embank-
ments on U.S. 101" which was presented at the January, 1967,
meeting of the Highway Research Board, The 1967 paper emphasized
the problems assoclated with the design of high embankments which
are built with normal roadway excavation. This paper describes
strength parameters obtained during construction. Also included
is.a discussion of behavior of the embankment, pore pressures,
settlement, and modification of design. A procedure for
determinatidn of strength parameters for more than one lateral
pressure applied to a éingle test specimen is presented,

Construction

Construction of the project'began in June, 1966. A major
portion of a $6,000,000 contract'consis;ed'of placing approxi=-

mately 2.5 million cubic yards of roadway excavation in the

Squaw Creek embankment. Weather conditions in this construction

area compel winter shutdowns of approximately six months each
year, Approximately one-third of the eﬁbankment material was
placed during the 1966 construction season. The remainder of
the embankment, exceptffor the stfuctural section of the roadway,

was completed during the 1967 conmstruction season. The road

-2
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was opened to traffic in late'1968. Since thét time the road -
has.functioned-éatisfactorily with no signs of distress appear-
ing in the embankment.

Foundation for the embankment consisted of fairly good
weathered interbedded éandst@ne and shale. Some surface
weathering had occurred to the extent that removal was necessary.
Mbst of the removal was made in the bottom of the rather steep-
sided creek or canyon., Depths of removal in no case exceeded
20 feet,’ ﬁaterial was stripped to expose in=place soméwhat
better quality weathered sandstone and shales; Several seepage
areas were exposed in the bottom of the creek as well as on the
flanks of the cqﬁyon; A 3-foot layer of permeable material, 20
to 50 feet wide, was placed in the bottom @f‘the‘creek:° Pxo=
jections of permeable material extended from this system to
manylséepage areas that Wére exposed or existed in the"foﬁndatibn
area., A perforate& metal pipe was placed in the permeable

material in the bottom of the creek. This subsurface drainage

'System has prbduced large quantities of water throughout the

history of the project and continues to flow at a fairly high
rate,'partiéuiarly in the winter. Total flows have ranged from
a maximum of approximately 500,000 gallons/day to a minimum in
the late summer of 63,000 gallons/day. Observations indicate
that this s'yétem has effectively prevented the_ciévelopment of
pore pressure in the lower part of the embankment or in the‘
foundation materials. Some investigation was done during con=

struction to determine if ground water or pore pressures existed.
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Genefally, this information appeared favorable. There were some
in@icatio@s of local pocketé of perched water, but these were
believe& to be of minor consequence.

At the planning and design stages it was decided to transfer

the surface water normally carried by the creek to a culvert to

_be‘installed relatively high in the embankment and on one of the

slopes of the canyon. The culvert was to extend from the top of
the area designated ﬁfill for drainage" through the f£fill and
wbuld.discharge on the natural ground father than the{side of
thg embankment. To accomplish this task additional roadway
excavation was deposited in the area designated as "fill for
drainage." Thus, the surface water and water in the creek was
handled with é culvert of relatively light_construction in

contrast with an exceedingly heavy culvert that would. have been

required had it been placed in the bottom of the embankment.

Settlement platforms were installed in the embankment near
original ground and at 50-foot vektical increments during the two
construction seasons, Units were also installed on the downhill
slope of the embankment during the 1967 construction season, A
typical section showing vertical movement platforms and other
construction control devices ‘% 'shown on Figure 1. Settlement
data to date indicate the embankment has compressed or consoli-
dated approximately thrée feet; and the foundation soils have
settled-approximately one to two feet. Most of this settlement
occurred in a period of about one year during construction.

(1966 = 1967)
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The mndlcatlng unrts installed on the downhlll slope of the

i d’.“l- [ F 3»-‘ .U;'.

embankment show hor1zontal movements on the order of one=ha1f .
to one foot and most of this movement occurred durlng the 1967.”
constructlon season., | |
Three general zones.of mater1a1 were used in the embankmento
Figure 1 shows a cross-section through the'more mas51ve portlon
of the embankmenta Zone C was composed of the sounder and 1arger
rocky material that was encountered in excavatlon of de81gnated
cuts and was relatlvely free of clayn No specral compaction of
this material was speclfled ox requlred The materlal belng
relatlvely free of flnes, compacted readlly w1th heavy-duty
haullng, spreading, and compactlng equlpment. Most of the N
material contalned such a hlgh percentage of plus 3/4=1nch materlal
that standard compaction tests were 1mpract1ca1 "Zone B con51sted
of Selected rocky, granular mater1a1 contalnln; ﬁo materlal
normally classlfled as overburden and contalnlng no apprecrable )
amounts of shale, clay, SOll or vegetable matter, The gradlngs
of the mater1a1 tested for desmgn are shown on Flgure 2,
il Spec;flcatlons requlred that the Zone B material be compacted
to 93 percent relatlve compact:u..on° Test MEthods Calmf. Noo 216
and 231 were used The max Lmm denslty results from these test
methods are comparable to results from AASHO T-188. The Corps
. ' of Englneers, Who dld the testlng for de81gn,used the AASHO test
for determlnlng maximum den31ty°_ Specified momsture was 1w3
percent helow optimum;_ Density requirements were met Wlth

reasonable compactive efforts° Some special efforts were requlred

to 1ower the m01sture content to the requlred level. Compaction

-5
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and moisturg requiremeﬁts.for Zone A material were in conformance
with standard specifications for comstruction of California high-~
ways. The only moisture requirement contained in the Caiifofnia
Standard Specificétions for the construction of embankments
states "the moisture content of embankment material shall be such
that the specified relative compaction will be obtained." The
normal compactibh requirement is 90 percent relative com?action,

Strength Tests

The quantiﬁy of Zone C material was limited during the early
mdnths of cbnstruction° Visual inspection of material being
placed in Zone B indicated that the material contained more clay
than was‘anticipated dﬁring the design stage. See Figures 2, 3
and 4. Index properties of design samples are shown on Table 1,
The strength values used for design of the three construction
zones are listed on Table 2. lLate in 1966 several large samples,
approximately two tons-each, were taken from the material being

placed in the embankmént; Gradings of these samples are shown

on Figure 3. Based on visual observations these samples were

believed to be representative of the range in quality of material
Being placed. Test results from five of these samples are
shown on the left side of Table 3. This table also shows the
results of tesﬁs performed on samples secured during the 1967
construction seasono Grading curves of these sanmples afe shown
on Figure 4, A comparison of the strength test results (Table 3)
and those used in design (Table 2) show that the quality‘of the
material being used in éonstruction ofrboth Zones B and C were

slightly better than the values based on test results used for

“ciésigno Shear strength of the Zone A material was consistently

-
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better than was anticipated, Consequently, restrictions on
quality for materials in.Zones B and C were slightly relaxed,
It was possible to use material in these zones that was finer

. than was anticipated during design. Generally, the 1967 strength
data show better quality material than was obtained in 1966,
This is probably explained by the fact that as the project neared
completion, most of the materisl was being excavated from the
lower portions of the cuts, and the quélity of the material
generally improved. |

As a result of the favorable strength values obtained during

construction and the satisfactory behavior of the embankment it
was dgreed that unexpected slide material could be placed on
the area designatéd "£ill for drainage." This has been accom=-
plished during the last two years subseduent to completion of
the project, This area aléo served as a disposal site for
excess material from additional nearby comstruction, See
Figure 1.

Special‘Test.Erocedurg

A significant fequirement of any testing program is that
the laboratory tést specimen duplicate, as nearly as possible,
the material and conditions in the'field, Most conventional
triaxial testing equipment is suitable only for testing speci-
mens 4 inches or less in diameter that contain little or no
plus 3/4<inch fragments and exerting lateral pressures on the

- order of 80 to 100 psi., The California Division of Highways is
now equipped to test 12-inch diameter by 27éinch‘high specimens

with maximum lateral pressure of 550 psi. The test specimens
-7=
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for this program were of such size and contained 3-inch maxi-
mum size partlcles° | _ '. ]

As stated prev1ously, the selected rocky material was
readily compacted to the required 93 percent relative compaction.
Therefore, the triaxial test specimens were also compacted to
93 percént relative compaction and at the field moisture content
which was genérally in the range of one percent to three percent
less than optimuma _

A modification from the usual triaxial testing procedure
was applied to some specimens whereby a single specimen was
cqnfipéd_with three successively increasing lateral pressures,
Wﬁén the stress-strain curve showed that the sample was begin-
ning to fail or had reached a predetermined strain the lateral

pressure was increased to the next increment and the procedure

repeated, Tests were also performed by the usual procedure,

that is, a separate specimen was used for each lateral pressure.
The results of this testing program are shown on Table 3.

There exists a narrow range in vafiation between the usual
procedure and the one-specimen procedure, in féct, one group
gives near duplicaﬁé results. Stress=-strain curves and Mohr
eﬁvelopes ére shoﬁn on Figures 3 through 15. Results from

tﬁe‘two types of tests can be compared with the information

shown on Table 3. In general, for the material tested on this

pfoject either method produced the same results. This dupli-

cétion of test results is not necessarily true for all materials.

'Tests on other materials are being conducted. This technique

results in extensive saving in time, money, and materials.,

-8~
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Approximately two man-days of labor is required per specimen
regardless of test procedure used, thereby appreciébly increasing
the testing capacity of the laboratory.

. Sunmary

The design studies for this project were described in a
paper titled "Special Tests for Design of High Earth Embankments
on U,5, 101" which was presented at the Highway Research Board
meeting in January 1967. Construction of the project was
accomplished dufing 1966 to 1968 using the controls established
during design.,

No serious problems were encountered during construction,
and' the facility has performed in a highly satisfactery manner
since construction, A satisfactory installation for ground water
control was incorporated in the project. Rather 1argé quantities
of water have been removed by this installatibn. From observation
it appears that hydrostatic pressures have not developed and
ground water has mnot constituted a sericus problem,

During construction various tests, including triaxial
compression tests, were made to compare the design strengths with
actual strengths being achieved during construction. Gemerally,
the strengths achieved during conmstruction were higher than had
been predicted, based on tests made during design. Hence, some

. relaxation in the quality of material incorporated in the various

.‘ zones was permitted, Selection of the material to be used in the
various zones was based on visual observations and changes were
ﬁade by using material that appeared to be of slightly poorer

quality than was originally intended for the various zomes,

-9=
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A somewhat novel testing, technique was used for some of the
.triaxial compression tests,- Rather .than perform a test at a
single lateral pressure for each specimen, tests were made
‘using three different lateral pressures on a single specimen,
The compressive load was increased to a predetermined strain-or
until evidence of incipient failure occurred, The confining
load was then increased to the next increment, and the above
procedure réﬁeated, Results of these tests indicate that for
this material and for the testing conditions used this testing
procedure/produced results comparabie to the normal test method
where a single confining load is used for each specimen. The
savings to be accrued ' by this alternéte test method may prove

to be substantial on future projects.

-10- _
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TABLE 2
STRENGIH VALUES USED FOR DESIGN OF CONSTRUCTION ZONES

Cohesion Angle of Percent
Zone (psi) Friction, Degrees Compaction
A 3.5 15 90
B 3.5 | 25 93
c

0% 35% 95%

*Estimated values
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Figure 3
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Travis Smith & W.F. Kleiman Figure ‘4

GRAIN DIAMETER IN MILLIMETERS
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_ Trovis Smith & W.F. Kleiman Figure 5

STRESS-STRAIN CURVES FROM CONVENTIONAL TRIAXIAL
- TEST-TYPICAL ZONE C MATERIAL
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" Travis Smith & W.F. Kieiman Figure 6

STRESS -STRAIN CURVES FROM MULTIPLE STAGE

. TRIAXIAL TEST-TYPICAL ZONE C MATERIAL
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Travis Smith & W.F. Kleiman Figure 8

STRESS-STRAIN CURVES FROM CONVENTIONAL

- TRIAXIAL TESTS —WEAKEST ZONE A MATERIAL
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Travis Smith & W.F. Kleiman Figure 9

 STRESS-STRAIN CURVES FROM MULTIPLE

STAGE TRIAXIAL TEST - WEAKEST ZONE A MATERIAL
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Figure 10
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Travis Smith & W.F.Kleiman Figure II

STRESS-STRAIN CURVES FROM CONVENTIONAL

TRIAXIAL TESTS -TYPICAL ZONE A MATERIAL
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Travis Smith & W.F.Kleiman Figure 12

STRESS -STRAIN CURVES FROM MULTIPLE STAGE
TRIAXIAL TEST- TYPICAL ZONE A MATERIAL
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“Travis Smith & W.F.Kleiman Figure 14

COMPARISON OF MOHR'S ENVELOPES OBTAINED WITH CONVENTIONAL
AND MULTIPLE STAGE TRIAXIAL TESTS
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SHEAR STRESS - PSI

Figure 15

COMPARISON OF MOHR'S ENVELOPES OF MATERIALS
SAMPLED FROM DIFFERENT CONSTRUCTION ZONES

(CONVENTIONAL TRIAXIAL TESTS)
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