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Introduction

This report presents the éettlement performance of two highway
test embankments constructed on a sanitary landfill 1n San Diego
using prerolling with a 50 ton roller and surcharge loading.

The objectives were to study the response of refuse materials
subjJected to different loading conditions and develop procedures
to minimigze long term differentlal settlement. These findings
would assist in developiling guldelines for earthwork construction
on the future Route 52 alignment through this area.

A sanitary landfill may be defined as "a method of disposing of
refuse on land without creating nulsances or hazards to public
health or safety, but utllizing the principles of engineering

to confine the refuse to the smallest practical area, to reduce
it to the smallest practlical volume, and to cover it with a 1ayef
of earth at the conclusion of each day's operation or at such
more frequent intervals as may be necessary"(l).

Alignment of transportation facilitles ln urban areas sometimes
requires construction over sanitary landfills. In general, san-
itary landfills do not provide an adequate foundatlon materlal.

In the past, 1t has been normal construction procedure to remove
and replace the landfill with sultable backfill foundatlon mate-
rial. Replacement, however, can be very costly. Thus, the désign
engineer must now consider the possibility of recycling or im-
proving the sanitary landfill materlals so that they are capable
of withstanding the loads to be imposed by the planned facility.

In order to observe behavior of the refuse under various conditlons

of compaction and loading, test sectlons are desirable prior to
construction.
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Eﬁgih%éfing prbpérties for the analysis of a sanitary 1andfi11
vary with makeup of the refuse material. The most critical

conce#n in construction over sanitary landfill is long term
settlement.,

Recenily, several articles by geotechnical engineers(2,3,4,5,6
have ﬁrovided insight into this problem. Sowers(5) suggested
that continuing settlement of sanltary landfill is analogous %o
secon@ary compression of soll., The settlement with respect to
time and depth of fill was described by Sowers as follows:

a t
’ H 2 (1)

AH =a —3— log (™)
‘ : 1l + e, 7 tl
Wheréé A H = total settlement
' H = f111 depth

t = time

e, = initial void ratio

o is a coefficlent whilch depends on field condition. Sowers also
suggested that a = 0.09 e  for conditions favorable to decompo-
sition and o = 0.03e_ for unfavorable conditions. Yen and Scalon(§)

suggéstéd that settlement rate can be computed by the following
_equation: '

m e e, t-1 log (t)J

Wheré m = settlement rate in feet per month
' _ t = time elapsed in months
_ Other variables are the same as defined in equation 1,

The density of refuse materlial is usually low and varlable. For
this reason, 1t 1s belleved that precompaction of landfill can
eliminate some of the 1nitilal settlement during placement of em-
bankﬁent; The age of the refuse deposit, depth, composition,
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decomposition, rainfall, water table and methed of placement are
important in predicting settlements.

Evidence of undulations of roads constructed over sanitary fills
may be observed in San Diego at:

Sea World Drive in the City of San Diego between Route 5 and Sea
World. This Sanitary Fill was constructed by excavating and
filling in the mud flats of Milssion Bay. Dredge material of
unknown thickness was placed on top of the Saﬁitary Piil.

Undulations make this faeility unsuitable for speeds above 50

miles an hour. However, the A.C. pavement has not failed and

no leveling has been done since construcﬁed in 1970. Longitudinal
cracks were observed in the wheel tracks during a condition survey
on April 4, 1975. Undulations can also be observed where A.C.
surfacing is placed on temporapy'haul roads over the Clty of San
Diego sanitary fills near the test area and at the Chollas Sanitary
F111 in East San Diego.

Conclusions

1. The 50 ton roller can be used to compress a foundation mate-
rial consisting of dry or unsaturated sanitary landflill ©o reduce
total primary settlement under subsequent embankment construction, -
However, prefolling is not beneflclal in reducing settlement walt-
ing periocds. Test data indlcated that cne quarter of the total
surcharge setftlement was eliminated by prerolling. Maximum pre-

e oo .P0lling. settlement was achleved after 25 passes of the 50 ton
roller, Eighty-five percent of the maximum prerolling settlement
developed under 10 passes of the 50 ton roller. '
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"2, 'Surcharge loading is of major benefit in accelerating consol-

idation of sanitary landfill, The settlement rate accelerated
substantially on this probject when the maximum surcharge helght
of 10 feet was reached. Fifty percent of the average total sur-
charge settlement occurred prior to completion of the surcharge
embankment and 80% had occurred by 30 days after completion of
the surcharge embankment.

3. Steel reinforcing bar mats appear to provide no significant
advantage in reducing differential settlement. However, long
termfperformance may be necessary to verify this conclusion.

4, TBecause primary settlement 1s still occurring, indlcations
are en earth fill surcharge would be the most sultable method
of compressing this existing sanltary landfill where embankment
construction is proposed. However, leveling the undulations of
the roadbed would probably be necessary every few years.

5. _Since the proposed profile grade calls for excavation and
nnloeding through the sanltary landfill arees, the longterm effects
of settlement appear lessened. This study evaluated only the
relative response of the refuse materlial under embankment construc-
tion. It is, therefore, difficult to predict the response to
exposure in an excavation where oxidation 1s allowed to occur
and'entrapped gas and air can escape at the surface. If the
surface is not sealed, rainfall can also penetrate the refuse
elements and produce differentlal subsidence. The probabllity

of the occurrence of thils subsidence can be reduced by unloading
by excavation and prerolling with a heavy roller.

Recommendations

The following are suggested guldelines for construction through the
landfill area.
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1. Excavate the existing soll cover and refuse in the sanifary
landfill areas to a depth of 6 ft below finlshed grade and stockpile
along right-of-way. Conslderation could be given to possible
incorporation in embankment construction.

2. Place a 6 inch 1lift of soil over the exposed landfill material
and compact using a 50 ton roller in a dry condition with a minimum
of 10 passes to accompllish partial settlement.

3. Place a 10 ft surcharge f111 in any embankment areas crossing
refuse and leave in place at least 60 days or until settlement
platforms indicate that the primary settlement is 90 percent
complete.

4, Remove the surcharge to subgrade elevation.

5e Consideration should be given to sealing the exposed refuse
materials in the excavation sections by spray treatment to reduce
oxldation, decay and infiltration of water.

6. If excavated refuse material can be economically incorporated
in construction of embankment £11l1ls this could be accomplished in
conformance with specifications similar to those used on project
07-Ora~73, P.M. 2.7/4.0. These specifications are listed along
with constructlion guidelines in the report titled "Use of Waste
Materials in Embankment Construction"(7) and are as follows:

"Those areas shown on the plans as 'Refuse Removal Area' are

areas of unsuitable material. The Contractor shall excavate
the refuse cover and refuse material and construct embankments
within the excavated refuse area with material obtained from
excavation within the project limits (except excavated refuse
material) or borrow,.
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may be used 1in embankment construction 1n the areas shown on the
ﬁiansias 'Refuse Embankment Areas'.

"Tn addition to the requirements in Section 19-5, 'Compaction?',
and Section 19-6, 'Embankment Construction!, of the Standard
Specifications, the placement of excavated refuse material in
embanlkments shall conform to the following:

a. Excavated refuse material shall be thoroughly mixed
with suitable embankment material at a rate not to exceed 50%
of thg mixture.

%. " Each layer of the refuse material mixture shall be
covered with at least 2 layers of sultable embankment material.

6. - No layer of the refuse material mixture shall be placed

W1th1n 4 feet of finished grade. .

ﬁ. Rock, portland cement“concrete, asphalt concrete, ferrous
and'ﬁbnferrous metals shall not exceed one foot 1in the vertical
dimension when placed 1ln embankments.

‘e.  All other material including biodegradable material
shall not exceed cne-half foot in greatest dimension.

"Suiﬁéble embankment material referred to herein shall be considered

~as material excavated from within the 1limlts of thils project (except

refuse material) or borrow.

"Dufing'the operations of excavating and depositing refuse material,
the Contractor shall take precautlons to prevent offensive odors
within the surrounding area. Such precautions may consist of the
use of earth cover or the application of commercial odor masking

-5=
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compound as directed by the Englneer. Precautions to prevent
offensive odors will be paid for as extra work as provided in Section
4-1,03 of the Standard Specifications." In case combustible gases
are discovered, the installation eof a landfill gas control system
should be considered. Engineering Science, Inc. at Arcadia,
California, has successfully developed such gas control systems

for several landfill projects(8).

T Place a structural section utlilzing stage construction with
asphalt concrete surfacing. Allow for a leveling ‘blanket and the

final asphalt concrete surfacing course in 2=5 years.

8. Instrument all approach embankment foundations and surcharge
areas with settlement platforms.

Site Location and Description

The sanitary landfill test site for this study is located on
proposed Route 52 in San Diego County between Stations 334+ and

336+ (Figure 1). This 1s within the City of San Diego's Sanitary
Fill accessible from Mercury Street north of Clalremont Mesa
Boulevard. The Sanitary Landfill within the project limits consists
of two separate fllls located between Stations 329% and 344+

and between Statilons 355+ and 380+. Refuse materials, including
glass, wood, kitchen garbage, paper, rags, metal, etc., were

dumped in this area between 1964 and 1967, and covered with a

thin earth layer,

November, 1973 soll borings indicate that the refuse depth 1in
the test location is about 18 to 20 feet (Figure 2). The native
soils underlying the f£ill vary from clayey sands to gravelly
clayey sands. The soil borings extended down to Elevation 358+
(42 feet below.existing ground surface) beyond The test area and
no free water was encountered. However, there is surface water
in the deep gulley near Statlon 344+. The area recelves only
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‘about 10 inches rainfall yeéarly and little decomposition has taken

place; except for food or vegetatlion waste. 01d paper 1in the
refuse 1s easily read, Photo 1 shows a typlecal view of the
generél contents of the refuse layer.. The proposed highway
profile grade 1n the sanitary landfill area will generally be in
exce§s of 10 feet below ground surface and require excavation up
to 16 feet through the refuse material.

Instfﬁmentation

Two ﬁést areas, 46 feet wide by 59 feet long, separated by a 54
foot:strip were selected for this study (Figures 3 and 4). The
construction sequence began in September 1974 under the direction

of the Distriect 11 Materials Department assisted by the Transportation
Labofatory. Initially, the exlsting 3 ft + soll layer above the
sanitary landf1ll was removed to expose the trash level. Several
layers of soll were then placed and compacted to form a 2 foot

thick working table above the trash level prior {o installation

of séttlement platforms. Figure 3 shows the layout and placement

of the settlement platforms and the locatlons of the instrumentation
readout, The cross-sectional views are presented in figure 4.
Twelﬁe settlement platforms were placed in each test area by
Distriect personnel. The settlement platform gauge readout for

Test ‘Area 1 is shown in Photo 2.

Test Area 2 was constructed with two layers of No. 4 reinforcing
steel mats in an effort to reduce post construction differential
settlement. Test Area 1 served as the control and was unrein-
forcéd. The performance-of- these-test areas were monitored by
settlement platforms supplemented by elevation points, surface
profiles and visual observations.
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Construction Procedures

It was originally proposed to perform all rolling with a 50 fton
roller. It was assumed that thls operation would serve to compress
and preconsolidate the underlying refuse material and thereby
shorten the settlement waiting period and reduce post construction
differenﬁial settlement. This procedure has previously been

used in New York State(2,10).

Prerolling was performed successfully on Test Area 1 without the
aid of water. No prerolling was done on Test Area 2, Both areas
were then séturated with water to ilncrease compaction. However,
after saturating with water and covering with 6 to 12 inches of
compacted fill, the roller became stuck due to excessive
penetration (Photo 3). It was determined that 3 feet of compacted
fill would be necessary to bridge over the refuse material prior
to the application of the 50 ton roller if the underlying material
is saturated. The 3 foot working table was placed with a scraper
and sheepsfoot roller.

The followlng is thé seQuehce of events as performed in the field
during construction of the test areas:

Test Area 1

About three feet of soll were removed down to the trash level and
6 inches of fill material were placed. The aréa was then rolled
25 passes with a 50 ton roller (one pass equals one complete
rolling of the test area). Settlement was determined after each
5 passes by measuring changes in cross-section profiles,

Six inches of material were then removed and the area was scarifiled.

Water in the amount of 50,000 gallons was applied to the landfill.
Two 6 inch soil layers were placed and compacted with a sheepfoot
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'follef.‘ Heavy raine:cccuftea followlng this operation and mud
and water were removed down to the trash level and 2 feet of new
£i11 ﬁaterial were then placed and compacted in two 1ifts with a
sheepfoot roller and a drill rig. Settlement platforms were then
installed. Two 8 inch compacted layers of fill material were
placed and compacted on top of the settlement platforms using 1
pass of the loaded scraper per layer. The second layer was also
~ rolled with 10 passes of the 50 ton roller and settlement platforms
were read after each sequence.

A series of 30 passes each was then made by the loaded scraper

and tpe 50 ton roller. The settlement platforms were again
read after thls sequence.

Upon completicn of the above sequence, an attempt was made to
develop shearing fallure in the 3 foot working table over the
saturated refuse fill by overrolling. This test indicated that
the 3’foot thickness was adequate to support the heavy rolling
equlpment. Area 1 was then rolled a total of 60 passes with a
1oaded 20 cubic yard self loading scaper and 40 passes with a 50
ton roller.

Thereafter, the sequence consisted of placing 10 inches of
uncompacted material and compacting with one pass of the loaded
scraper. This operation was repeated until a £il1l helght of
about 10 feet was reached. Settlement platforms and cross
sectlcn profiles were read at varlous intervals to determine
changes in grade and:cross sectlon.

Test Area 2

About three feet of soll were removed down to the trash level and
6 inches of fill material were p;aced. No precompaction of this
dry layer was performed. )

-10-
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Heavy rains occurred during early stages of fill placement subsequent
to saturation of the trash layer by the contractor. Difficulty
developed with the rolling operetion as evidenced by Photo 5
since the area was too soft for the 50 ton roller. Mud and water
were then removed down to the trash level and 2 feet of £ill
materlal were placed in two 1lifts and compacted with the sheep=
foot roller and a watertruck. Settlement platforms were then
installed.

The first layer of the reinforcing steel mat (No. 4 bars with
1 £t sq mesh) was then placed. Two 8 inch compacted layers

of 11l material were placed over the mat and compacted with a
loaded scraper. Numerous passes were then made with a 50 ton
roller. Settlement platforms and surface profiles were read
after each series. '

The second layer of reinforcing steel mat was then plaeed_folIOWed
by 8 inches of compacted f£ill (Photo 5). The area was then

rolled 30 passes each with a loaded scraper and the 50 ton roller,
Thereafter, the sequéncé consisted of placing 10 lnches of material
and compacting with a loaded scraper. This operation was repeated
until a fill height of about 10 feet was reached in November,

1974 (Photo 6). Seﬁtlement platforms were read and surface
profiles plotted at éarious intervals, |

Test Results

The benefits of prerolling with a 50 ton roller are shown graph-—
ically in Figure 5 where the compression of the refuse 1s plotted
against various passes of the 50 ton roller over Test Area 1 using
dry compaction. Three tenths foot of the average precompression
was developed duriﬁg the first 10 passes of the 50 ton roller.

The maximum recorded average precompression of 0.35 feet was
achleved after 15 additional passes or a total of 25 roller passes.

-11~
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" "This ‘information was developed from a series of cross section
profiles taken at 5 pass intervals during the prerolling
operation. Figure 5 shows that 85% of the initlal compression

is accomplished with 10 passes of the 50 ton roller. Plots of
the relationship between the loading time and the average
settlement for Test Areas 1 and 2 are shown on Figure 6. The
settlements due to prerolling in Test Area 1 is excluded in the
total settlement plotted in Figure 6. Settlement is still con-
tinuing after 476 days after the start of embankment construction.
Thesézplots suggest that prerolling is beneflclal in reducing

the ﬁotal primary settlement, but the time rate of settlement
(sloﬁe of plotted curve in Figure 6) remalns the same. It is
evident that Test Area l”developed less settlement from surcharge
due to prerolling. Figure 6 shows also that 50% of the average
total surcharge settlement occurred at completion of tne surcharge
fill;and 80% of the average total settlement developed at 30 days
afte# completion of the éufcharge £ill.

The underlying 18 to 20 foot landflll continues to settle under

the 10 foot surcharge. Contours of the total settlements recorded
in the 476 days following the start of constructlon are presented
in Figures 7 and 8. Figure 7 shows also the contours in dash lines
for the prerolling settlements which are the basic data for
developing the average prerolling settlement 1n Figure 5. Crogs=—
sections along centerline of Test Area 1 and 2 together with
_surcﬁarge settlements are shown in Figures 9 and 10 respectively.
These plots were developed to evaluate the performance of the steel
mats’ in reducing differential settlement. Inspection of these data
suggest that no significant benefit was achieved wilth steel mat
reinforcement at this location. '

-12-
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PHOTO 1: Refuse
excavated from test
pit dug by bulldozer.
Refuse 1s 5 to 10
years old.

PHOTO 2: Settlement

‘platform gauges for
Test Area 1. Note
excavated refuse in
background '
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PHOTO 3: 50 Ton
Roller stuck on
first pass with

6 ineches of earth
over saturated
sanitary £i1l in
Test Area 2.

PHOTC 4: Exposed sanitary
landfill saturated with
about 2500 gallons of
water in Test Area 2.

i
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PHOTO 6: Finish
embankment abouf
refuse level.
(Test Area 2)
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grade of
10! above

PHOTOQO 5: Placement
of lst 1ift over

2nd steel reinforcing
mat 1in Test Area 2.
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“'TOTAL SETTLEMENT INCLUDING PREROLLING SETTLEMENT ——0.95——
” PREROLLING SETTLEMENT —— 5 e :
" LOCATION OF SETTLEMENT PLATFORM SCALE: 1" = 10’

TEST AREA I
SET‘I'_'."LEMENT CONTOURS AFTER 476 DAYS OF FILL CONSTRUCTION

Figure 7
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