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CHAPTER 1

INTRODUCTION

The bump at the end of the bridge is a problem experienced by almost
anyone who has traveled over a highway bridge. It is caused by differential
settiement between the bridge deck and the approach slab, and the poor
transition between the two is evidence of the problem.- In addition to the
annoyance caused to motorists, this bump can increase maintenance costs and

result in expensive repairs to the roadway.

Research Project Description

This research is part of an ongoing project that is being conducted to
determine how different types of approach embankments perform with respect to
settlement. The project is located on US Highway 177 at the Salt Fork of the
Arkansas River in Noble County approximately 8 miles south of Ponca City,
Oklahoma. The project involves the construction of three bridges. The three
bridges are labeled A, B, and C, with A being the southermmaost bridge and C
being the northermmost bridge. In addition, each bridge has two approach
embankments labeled 1 and 2, with 1 being the south embankment and 2 being
the north embankment (the south and north embankments of bridge A are
referred to as A1 and A2, respectively). The south embankment of bridge A (A1)

is approximately twice as high as the other five embankments so it is not



considered in the backfill comparisons, although it was partially instrumented.
The instrumentation data for this embankment are presented in Appendix B1.
Four of the six approach embankments constructed for the bridges are
experimental embankments, while one serves as the control to represent a
typical approach embankment. The control embankment, north of bridge A, is
constructed of unciassified borrow material and represents a typical approach
embankment in Oklahoma. The experimental embankments were each
constructed with a different type of backfil. The embankment south of bridge B
is a geotextile reinforced backfill. North of bridge B, the embankment was
constructed with controlled low strength material, which is a mixture of portiand
cement, fly ash, sand, and water. Both approach embankment backfills for
bridge C were constructed using granular material. The south embankment was
dynamically compacted, while the north embankment was flooded and vibrated.
Instruments were installed in the bridge approach embankments and abutment
walls during construction to monitor settlement, lateral movement, lateral earth
pressures, and groundwater levels. Drawings showing the layout of the various

instruments are included in Appendix A.

Purpose of Thesis

The purpose of this thesis is to present the instrumentation data from the
approach embankmentis. A literature review was completed to determine what

others have done to reduce the problem of approach embankment settiement.



Construction of the embankments was completed in June, 1995, and
instrumentation data were gathered at three to four week intervals until June,
1996. Since that time, data have been gathered approximately every eight
weeks. The data were evaluated and compared with predicted values for
seftiement and lateral earth pressure. The predicted values were estimated
using conventional methods.

The surface deposits at the project site are alluvium consisting of sand,
clay, gravel, and silt. The foundation soils consist mostly of sand and silt, with
little cohesive material. The bedrock is shale with a few limestone lenses. A
complete description of the site geology, all soils tests performed at the project
site, and a presentation of the boring logs are given by Benson (2); Schwidder
(12) also gives a detailed description of the site geology. The type of soil for
each of the embankments is uniform across the site. Therefore, it is possible to
compare the performance of the experimental approach embankments and
relate the performance to the construction type and matenal for the
embankment. Comparisons were made betwsen the performance of the
different embankments and the best alternatives for bridge approach

embankment construction were chosen.



CHAPTER 2

LITERATURE REVIEW

The bump at the end of the bridge has plagued highway agencies for
many years. Achieving a smooth transition from the approach embankment to
the bridge deck is a common problem which has no simple solution. The bump
is caused by differential settlement between the bridge abutment wall and the
approach embankment. Generally, the approach embankment moves vertically
downward with respect to the abutment wall resulting in a number of problems.
The bump causes discomfort to motorists, unnecessary wear and tear to
vehicles, and can be dangerous (4). In addition to these probiems, it can result
in expensive roadway repairs, such as patching or mudjacking (3). Repairs take
time as well as money and often cause one or more lanes of traffic to be closed
for a period of time. Shutting down traffic lanes always has the potential for
causing dangerous and costly accidents. Finally, the bridge structure is typically
not designed for the type of impact loading that can result from an uneven
roadway.

The first step in solving a problem is attempting to determine the source
of the problem. Settlement of the approach embankment has a variety of
possible causes. The two major causes of settlement are subsidence of the

foundation material under the approach embankment and settiement within the



fill mass (6). According to the Colorado Department of Highways (1), bridge
approach settlement can be attributed to one or more of the following factors:

¢ time dependent consolidation of the embankment foundation,

¢ time dependent consolidation of the approach embankment,

e poor compaction of the abutment backfill caused by restricted access

of standard compaction equipment,

e erosion of the soil at the abutment face, and

e poor drainage of the embankment and abutment backfill.

In 1985, the University of Oklahoma (OU) began a study investigating
approach embankment settlement in conjunction with the Oklahoma Department
of Transportation (ODOT). Through an extensive survey and literature review,
OU found approach embankment settlement is a problem in Oklahoma as well
as in many other states (11). Better approach embankment settlement
prediction methods were needed so in 1987, OU began a study of 758 bridge
approaches in Oklahoma. Information relating to construction, maintenance,
and materials for these approaches was collected. Of the approaches surveyed,
83% experienced settlement (10).

In 1993, OU published a statistical mode! for predicting bridge approach
settlement. The model was based on field tests at 29 sites in Oklahoma and
several equations were developed to predict settiement (9). These equations
can be found in the OU report (8). The factors found to significantly affect

approach settlement included age of approach, embankment height, traffic



count, foundation soil thickness, embankment soil characteristics, and
foundation soil characteristics. The skewness of the approach was found to be
negligible with respect to approach settiement and the embankment and
foundation soil characteristics were found to have the greatest influence on
approach settlement.

In 1995, OU published a computer program cailled FEABAS (7). The
program utilized a finite element analysis procedure to predict settiement. The
program predicted both the consolidation settiement of the foundation soil under
an approach embankment and the settlement of the actual embankment.

When one analyzes the procedures followed for the construction of the
bridge structure and the approach embankment, it becomes more apparent why
the approach embankment setties with respect to the abutment wall. The
foundation material for the bridge is generally subjected to substantially more
analysis than the foundation material for the approach embankment. Often, the
foundation material’s ability to support the fill load is determined from just a few
samples, while the foundation matenal for the bridge is analyzed extensively
(13). In addition, the bridge is usually founded on spread footings, drilled shafts,
or driven piles. As a result, very little or no setttement is seen with the actual
structure. On the other hand, the approach embankment has problems
associated with settlement within the fill, settlement of the foundation material,
and the possibility that some unknowns exist with regard to the foundation

material.



Precautions should be taken to reduce the settlement of the approach
embankment. Four elements that must be considered when designing an
approach are the embankment foundation, the backfill material, the drainage
system for the embankment, and construction practices (6). Although this
research project deals with varying the construction method and backfill material
to reduce approach embankment settlement problems, there are other ways of
reducing seftlement.

When the foundation material for the approach embankment is a cause
for concem, it is often because the material is a soft, compressible soil.
Differential settiement often occurs between the bridge abutment and the
approach embankment when the foundation material is compressible (5), and
post-construction consolidation of soft foundation soils is the major cause of
settiement (14). Several options are avaifable when this is the case. First, it
may be possible to remove some or all of the compressible material. This may
only be practical if the problem séil is near the surface and does not extend to
unreasonable depths. Another option is to preload the foundation material,
which causes consolidation to occur at a faster rate. This is done with the
expectation that the majority of consolidation will occur before the approach siab
is paved. This generally increases earthwork costs and may require a significant
amount of time to elapse before paving. When primary consolidation is the main
concern, wick drains may be used to provide an exit path for water in the

foundation. This generally allows primary consolidation to occur at a much



quicker rate. To reduce loading on the embankment material, a lightweight
material can be used for the fill area. When large amounts of settlement are
expected within the existing material, the approach can be founded on driven
piles. This has been shown to be an effective altemative for providing a smooth
transition between the roadway and the bridge deck. Generally, the depth of the
pile decreases with increasing distance form the structure. Dynamic compaction
can be used to consolidate the foundation if the foundation material is a loose,
coarse grained deposit.

After the foundation material for the approach embankment has been
analyzed, it is necessary to examine the backfill itself. Settlement within the fill
is caused by volume change, which may be caused by consolidation, shrinking
and swelling of the soil, or ice and frost action within the fill. Most state highway
agencies specify that a select material be used for the approach fill. Soft clay is
not a good choice because it may take years for consolidation of the material to
occur. Granular materials with a high permeability and a low void ratio are
preferred because compression occurs within a few months after the
embankment is constructed, generally before the approach embankment is
paved.

It is necessary to provide good drainage in and around the approach
embankment. The backfill should be designed to remove any hydrostatic
pressure from the back of the abutment wall. Erosion of the soil around and

under the approach embankment can cause settlement. Surface and subsurface



drainage must be provided, and the slope under the bridge deck should be
protected from erosion. As with any construction project, good quality control
should be practiced during construction. Poor construction procedures or
inadequate compaction of the backfill material can lead to settiement.

The above information discusses ways to reduce approach embankment
settlement by considering the embankment foundation, the backfill material, the
drainage system for the embankment , and construction practices. The primary
focus of this research is to reduce approach embankment settlement by varying
the backfill material and the construction method for five different approach
embankments. This research project is unique in nature. Instead of dealing with
a number of variables when attempting to reduce settlement, only the backfill
material and construction are considered. By using five sites that are similar in
foundation material and abutment wall height, any movement measured after

construction can be attributed to one of these two variables.



CHAPTER 3

EMBANKMENT DESIGN

Backfill Design and Consfruction

Controt Section, North of A, A2

This embankment was used as the control section for the research, and
the method of construction for the embankment was determined by the
contractor. The contractor was required to meet specified densities using
unclassified borrow material. The material used was classified as silty sand (SM,
A-2-4). Figure 1 shows the design cross section for the embankment. The
control section approach embankment was 9.8 ft. thick, and the slope on the
back of the fill was 1V:5H. Compaction was achieved using a Case 1150C
tracked front end loader. The loader was passed over 1 fi. thick lifts with a full
bucket. The loader passed over each lift twice, once parallel to the abutment
wall and once perpendicular to the abutment wall. Within 2 ft. of the abutment

wall and wingwalls, compaction was achieved using a walk behind pad vibrator.

Geotextile Reinforced Wall, South of B, B1

This embankment was composed of eight layers of nonwoven geotextile
and granular backfill laid perpendicular to the wall. The embankment was
designed to be a self supporting structure that should not come into contact with
the abutment wall.

10
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Figure 2 shows the design cross section for the embankment. The approach
embankment was 9.0 fi. thick. The backfill for the embankment was granular
backfill and was classified as poorly graded sand (SP, A-1-b). Overlapping
seams were used for the geotextile with a minimum overlap of 2 ft. and the
minimum rollback for the geotextile at the face of the abutment wall was 3 ft. At
loose lift, the layers were 12 in. thick. When the geotextile was laid, the poorly
graded sand was placed on top of the geotextile, watered, and compacted. After
compaction, the layers were 9 in. thick with 10 in. of soil at the rollback. During
construction, a honeycomb cardboard structure was placed against the abutment
wall and the wingwalls to keep the embankment from touching the wail. When
the backfill was complete, the cardboard was flooded and collapsed. The

average relative density for the eight lifts was 25.8%.

Controlled Low Strength Backfill, North of B, B2

This embankment was constructed using a controlled low strength
material which had a design compressive strength of 300 psi. Figure 3 shows
the design cross section for the embankment. The approach embankment was
9.0 ft. thick, and the slope on the back of the fill area was 1V:1H. Like the
geotextile reinforced wall, the backfill was designed to be self supporting,
although nothing was used to keep the controlled low strength material from

coming into contact with the face of the abutment wall during construction.
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The construction of this approach was relatively simple. After the fill area
was cleared, the material was simply poured into the fill area. The total volume
of controlled low strength material used for this construction was 207 cubic

yards.

Dynamically Compacted Granular Backfill, South of C, C1

This embankment was constructed using poorly graded sand (SP, A-1-b).
Figure 4 shows the design cross section for the embankment. The approach
embankment was 8.6 ft. thick, and the slope on the back of the fill was 1V:5H.
The embankment was constructed in four 2 ft. thick lifts. After the lifts were
placed, they were sprayed with water and compacted. Compaction was
achieved using a 4 ft. concrete cube dropped from a height of 8 ft. The area
within 2 ft. of the abutment wall and wingwalls was compacted using a walk
behind pad vibrator. Movement of the abutment wall and the wingwalls during
construction was a concern because of the type of compaction used for this
embankment. A transit was used during construction to monitor movement. The
abutment wall moved 0.01 ft. north (away from the backfill), the west wingwall

moved 0.01 ft. west, and the east wingwall moved 0.02 ft. east.

Flooded and Vibrated Granular Material, North of C, C2

This embankment was constructed using granular material that was

classified as poorly graded sand (SP, A-1-b). Figure 5 shows the design cross

15
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section for the embankment. The approach embankment was 8.6 ft. thick, and
the slope on the back of the fill was 1V.5H. The embankment was constructed in
two lifts that were each 4 ft. thick. Each lift was placed, spread with a front end
loader, and flooded. A hand held concrete vibrator was used to densify the
material. It was inserted into the lift at 1 ft. spacing over the backfiil both parallel

and perpendicular to the abutment wall.

Backfill Drainage

The drainage system for each approach embankment is essentially the
same. A perforated PVC pipe was placed along the inside base of the abutment
wall and covered with granular material to allow for drainage of the embankment.
Trial sections B1, C1, and C2 used granular material in the approach
embankment, so no filter sand was necessary around the drain. For A2 and B2,
the perforated pipe was covered with coarse pipe underdrain material, then
covered with filter sand. The perforated pipe was connected to a solid PVC pipe
which ran through the base of the east wingwall and beneath the bridge. This

pipe transports water from the backfill to an exit point underneath the bridge.

Instrumentation

Approach embankments for each bridge were instrumented in the same
way. The instrumentation at each approach embankment consisted of three

inclinometer casings (one in the abutment wall and two in the approach
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embankment), one open tube piezometer, two amplified liquid settlement gages,
and three total pressure cells on the back surface of the abutment wall. A grid of
sixteen surface settlement points was also set in the surface of the pavement to
monitor total surface movement.

The inclinometer casings were used to measure lateral movement and
settiement of the backfill. Lateral movement was measured by lowering an
inclinometer into the casing and measuring the tilt of the casing with respect to
the vertical plane. The readings were recorded and temporarily stored in the
DataMate Manager, and the data were analyzed using DigiPro software. By
using the inclinometer, it was possible to detect |lateral movement trends of the
backfill and the abutment wall.

The inclinometer casings in the approach embankment were equipped
with three telescoping couplings to determine settiement. One inclinometer
casing was installed on the pavement centerline 9 ft. from the back of the
abutment wall. The second was installed 10.0 ft. west of the centerline and 9.0
fi. from the back of the abutment wall. The third inclinometer without telescoping
couplings was installed in the centerline of the abutment wall.

The inclinometer casings installed in the backfill each had three
telescoping joints. The location of the casings and the telescoping couplings
can be seen in Appendix A. The bottom of the casing was fixed in the shale with
grout and was used as a reference point to measure settlement. The remaining

joints were installed by attaching the joint to the bottom casing using two rivets,
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one on each side of the joint. The top of the joint was attached to the upper
casing using only one rivet. In theory, one rivet is not strong enough to hold the
upper portion of the joint to the upper casing when settlement begins, and a
shear failure of the upper rivet will occur. Thus, settlement would be determined
by measuring the relative difference between the top three telescoping joints and
the bottom fixed joint. A special hook was used to measure the depth to each
coupling from the top of the casing. The hook was attached to a measuring
tape. The hook was lowered into the casing and pulled back up. As it was
pulled up, it would catch on the bottom edge of the upper casing in the
telescoping coupling. The depth to each joint was recorded, and settlement
within three vertical portions of the backfill was determined.

The three layers of interest under the approach embankment are the
backfill, embankment, and foundation. Plots of settlement under the approach
embankment according to the inclinometer telescoping coupling readings are
given in Appendix C. Graph No. 1 shows the settlement of the backfill,
embankment, and foundation combined. Graph No. 2 shows the settlement of
the embankment and the foundation combined, and graph No. 3 shows the
setttement of the foundation. The depth to each of the four couplings was
recorded at the time of construction and taken as the reference value. The
difference between the reading to any coupling at a given time and the reference
reading was taken as the settlement for that layer. The settlement of the three

layers of interest was determined in the foliowing manner:

20



AH = settlement
AHioundation = A(R4-R3)
AHembanimen = A(R4-R2) - AHgoundation
A Heacdit = A(R4-R1) - AHembankment - AHoundation
where:
R1 = depth to first telescoping coupling
R2 = depth to second telescoping coupiing
R3 = depth to third telescoping coupling
R4 = depth to fourth telescoping coupling
A(R4-R1) = settlement of backfill plus embankment plus foundation
A(R4-R2) = settlement of embankment plus foundation
A(R4-R3) = settlement of foundation

By using the inclinometer casings with telescoping couplings, it was possible to
isolate the location of settlement. This was important in determining which
backfill had the least amount of settlement.

The open tube piezometer was used to measure groundwater leveils.
This was done to determine if there was any correlation between measured
settlement and changes in groundwater depth. The piezometer was instalied in
the backfill 12.0 ft. from the back of the abutment wall on the centerline, and the
bottom tip of the piezometer was 3.0 - 6.0 ft. above the shale.

The amplified liquid settlement gages were also used to measure
settlement. They were both installed 2 ft. below the base of the abutment wall
and 6 ft. from the back of the abutment wall. One was placed on the centerline,

and the other was placed 10 ft. west of the centerline.
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The total pressure cells were installed on the back of the abutment wall to
measure the lateral earth pressures against the wall. They were spaced 3 fi.
apart on the centerline of the wall and were mounted flush with the wall surface.

The surface settlement points were installed in a grid configuration with 5
ft. spacing. They covered the area from the west wingwall to the centerline and
extended 20 ft. back from the abutment wall. The layout of the sixteen surface
setftlement points for each embankment is given in Appendix A.

The above dimensions for the instrument locations are approximate; the
exact dimensions for each embankment are shown on the as-built drawings in
Appendix A. Embankment A1 is lacking both the west of centerline inclinometer

and the west of centerline amplified liquid settlement gage.



CHAPTER 4

DATA PRESENTATION

The insiruments in each backfill were read on a periodic basis. The
instrumentation data are included in Appendix B. The graphs for lateral earth
pressure, lateral earth movement, settlement, and groundwater levels are

included in Appendix C.

North of A, A2

Total Pressure Cells

The top total pressure cell shows 1.3 psi exerted on the back of the
abutment wall. The plot for the top cell has two distinct peaks. The peaks occur
in the summer months, while the vaileys occur in the winter months. The data
appear to be approaching another peak. The increase in pressure during the
summer months is likely due to expansion of the bridge deck. When the deck
expands, it pushes on the wall and causes an increase in pressure on the back
of the abutment wall. The opposite is true in the winter months. The bridge
deck shrinks with the decrease in temperature which decreases the pressure on
the back of the wall.

The middle total pressure cell has a pressure of 1.6 psi. The data show
the same trend as the top total pressure cell, but the difference between the low

and the high values of the middle cell is not nearly as great as the difference
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between the low and high values of the top cell. The contraction and expansion
characteristics of the bridge deck cause the same decrease and increase in
pressure on the middle of the wall. The effect is not as great because the middie
cell is farther away from the bridge deck.

The bottom total pressure cell is experiencing a constant decreasing
trend in pressure exerted on the wall. The pressure on the bottom of the wall
rose immediately after construction, but has since decreased steadily. The
pressure has gone from a high value of 2.2 psi to only 0.3 psi. The bottom cell is
far enough away from the bridge deck that the contraction and expansion
characteristics of the bridge deck do not appear to have any effect on the
pressure.

The expectation for the active lateral earth pressure distribution would be
increasing pressure with depth. The pressure increases from the top cell to the
middle cell, then decreases to a low value at the bottom cell. The low value is
not likely due to reader efrror because the bottom cell has shown a consistent
decrease in pressure since August, 1995. As shown in Figure 1, granular
backfill was placed in the area immediately behind the abutment wall. Arching of
the granular matenal in front of the bottom cell could be contributing to the low

pressure value.
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Lateral Earth Movement

Lateral movement of the backfill and the abutment wall was measured
using an inclinometer. Both the centerline and offset inclinometer casings are
fixed in the shale. The anticipated direction of movement is south, toward the
abutment wall. This is the case for the centeriine, offset, and abutment wall
inclinometer casings for this embankment. The magnitudes of movement are
small. The top of the centerline casing has moved 0.3 in., the top of the offset
casing has moved 0.4 in., and the top of the abutment wall casing has moved
0.12 in, all relative to the bottom of the casing.

In the direction parallel to the face of the abutment wall, the centerline
and offset inclinometer casings have moved east toward the centerline of the
roadway. The centerline casing has moved 0.06 in. at the top of the casing.
The offset casing has moved 0.12 in. at the top of the casing. The casing in the

abutment wall has moved west 0.05 in. toward the wingwall.

Amplified Liquid Settlement Gages

The centerline amplified liquid setttement gage data plot exhibits the
expected trend. The seftlement occurred within the first ten months after
construction and has leveled off. The centerline amplified liquid settlement gage
shows that 0.332 ft. of settlement have occurred since construction of the

approach embankment.
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The offset liquid settlement gage data plot shows the same trend as the
centerline liquid settlement gage. The settlement for the offset is 0.247 ft. The
amplified liquid settiement gages indicate settilement beiow the backfill, i.e.,

settlement of the embankment and foundation strata.

Inclinometer Telescoping Couplings

The following table summarizes the settlement for each individual stratum
according fo the centerline and offset inclinometer telescoping coupling
readings.

Table 1: Inclinometer Telescoping Coupling Settlement Summary for A2

__AH(ft)  Centerline  Offset
A (R4-R1) 0.080 0.155
A (R4-R2) 0.075 0.080
A (R4-R3) 0.074 0.085
A Heacidin 0.005 0.075
A Hembankmen 0.001 -0.005
A Hfoundatlon 0.074 0.085

The centerline backfill settlement is 0.005 ft. The centerline embankment
settlement is 0.001 ft. The centerline foundation settlement is 0.074 ft. All three
curves show an initial increase in settlement after construction was compilete.
Since October, 1995, the settlement values have remained essentially constant.
The offset backfill has exhibited 0.075 ft. of settlement since construction.
The settlement for graph No. 1 is leveling off. The offset embankment has
settled -0.005 ft. Graph No. 2 showed a sudden increase in settiement in

October, 1995, which could be attributed to rivet shear in the second telescoping
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coupling. The offset foundation has exhibited 0.085 ft of settlement. The
settlement plot shows significant variation in the readings for the foundation

settlement.

Surface Settlement Points

The surface settlement point data were evaluated for both wheel paths of
the average vehicle. The wheel path closest to centerline is composed of
reading points 4, 8, 12, and 16. The offset wheel path is composed of reading
points 2, 6, 10, and 14. The centerline wheel path has settled 0.03 ft. at a
location 5 ft. behind the abutment wall, and 0.061 ft. at a location 20 ft. behind
the abutment wall. The plot for this wheel path indicates a slight dip at reading
point 8 and a significant dip at reading point 16. This means that the approach
embankment is settling more with increasing distance from the abutment wall.

The offset wheel path has settled 0.058 ft. at a location 5 ft. behind the
abutment wall and 0.043 ft. at a distance 20 ft. behind the abutment wall. The
plot shows that a depression has developed at reading point 14, and a bump at

the end of the bridge is beginning to develop for this approach.

South of B, B1

Total Pressure Cells

The top total pressure cell shows 0.2 psi exerted on the back of the wall.

The total pressure versus time piot shows two distinct peaks in pressure. These

27



peaks occur in the summer, which can be atiributed to expansion of the bridge
deck with the increase in temperature. This expansion causes the pressure on
the back of the wall to increase, as explained earlier.

The middie total pressure cell shows 0.5 psi on the back of the abutment
wall. Shortly after construction, the pressure reached 2.4 psi, but it decreased
and has remained at 0.5 psi since that time. The midale cell shows no variation
of pressure with temperature change.

According to the bottom total pressure cell, the total pressure on the
bottom of the wall is 1.7 psi. There are fluctuations in the plot, but the pressure
on the bottom of the wall has shown a general downward trend since the
pressure peaked at 8.8 psi shortly after construction.

On May 2, 1996, the cardboard that was placed against the abutment wall
for construction purposes was flooded and collapsed. This caused an initial
increase in pressure of 0.1 psi on the top cell and 0.2 psi on the middle cell.
These values are such smali inéreases that the change is not significant. There
was an immediate decrease in pressure on the bottom cell of 1.8 psi. This
indicates that the cardboard structure collapsed as planned.

This embankment shows an increase in lateral earth pressure with depth.
The increase in pressure from the top to the middle cell is slight, especially in
the summer months when the pressure in the top cell can increase to 0.5 psi.
The backfill for this embankment was designed to be self supporting. In theory,

the backfill should never come in contact with the abutment wall. Since the
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backfill is in contact with the abutment wall, it is necessary to identify possible
reasons for the problem. The geotextile fabric in the embankment could be
creeping, which would put the backfill into contact with the wall. Also, the
density of the sand within the backfill could be insufficient. The average relative
densities for the eight layers was only 25.8%, which correlates to a loose
material. This indicates that even though the required standard Proctor-based
densities were met, the relative densities should have been higher. The
densities were specified using the standard Proctor test which is not a good test

for cohesionless soils.

Lateral Earth Movement

The centerline inclinometer casing shows movement toward the bridge
(north), which is the expected direction of movement. The centerline casing has
moved 0.25 in. at the top of the casing. The offset casing has exhibited
movement both toward and away from the abutment wall. The plot of lateral
displacement is variable, but the magnitude of movement is less than 0.07 in.
The inclinometer casing in the abutment wall indicates that the abutment wall is
moving south toward the backfill. The indication from the casing in the abutment
wall may be misleading. The bottom of the casing in the abutment wall is not
fixed. The casing could actually be moving toward the bridge but be tilted
toward the backfill at the top of the casing. The casing would tilt toward the

backfill if it began moving toward the bridge because the bridge deck would
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prohibit the top of the casing from moving toward the bridge. The abutment wall
casing has moved 0.08 in. at the top of the casing.

All three of the casings show westward movement in the direction paratllel
to the wall. The magnitudes of movement are very small. The centerline casing
has moved 0.015 in., the offset casing has moved 0.25 in., and the cumulative

movement of the abutment wall is zero.

Amplified Liquid Settlement Gages

The centerline amplified liquid settiement gage data piot shows 0.264 ft.
of settlement. The settlement increased rapidly after construction then began
leveling off in February, 1996.

The offset amplified liquid settlement gage data plot shows a settlement
of 0.214 ft. The plot of settlement versus time shows a downward trend, and

settiement appears to be continuing under the offset gage.

Inclinometer Telescoping Couplings

The following table summarizes the settlement for each individual stratum
according to the centerline and offset inclinometer telescoping coupling

readings.
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Table 2: Inclinometer Telescoping Coupling Settlement Summary for B4

__ AH(ft)  Centerline  Offset
A (R4-R1) 0.057 0.126
A (R4-R2) 0.018 0.028
A (R4-R3) 0.016 0.016
A Hoscrin 0.039 0.098
A Hembaniment 0.002 0.012
A Hisundstion 0.016 0.016

The centerline backfill has experienced 0.039 ft. of settlement. The centerline
embankment has settled 0.002 ft. since construction, and the centerline
foundation has settled 0.016 ft. since construction. All three centerline plots
showed higher settlement values during the period of July, 1985, to May, 1996.
Since May, 1996, the settlement readings have been consistently lower. This
could be attributed to reader error since different people read the depths on
different dates.

The offset backfill has settled 0.098 ft. There was a sudden increase to
this value in May, 1996, and it has remained at this value since that time. The
offset embankment has settled 0.012 ft., and appears to be remaining constant.
The offset foundation has settled 0.016 ft., and is also remaining constant. Both
the embankment and foundation settlements have exhibited a very gradual
increase over time and appear to have leveled off.

The foundation layer shows the same amount of settilement (0.016 ft.) for
both the centerline and the offset inclinometer. Also, the embankment layer has
settled very little according to both inclinometer readings. The majority of

settlement appears to be in the backfill, which again indicates that the densities
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required for the backfill were not as high as they should have been. Elastic
settlement of the sand in the backfill could be contributing to the backfili

setttement.

Surface Settlement Points

As with embankment A2, the surface settlement data were evaluated for
both of the wheel paths. The wheel path closest to centerline is composed of
reading points 4, 8, 12, and 16. The offset wheel path is composed of reading
points 2, 6, 10, and 14. The centerline wheel path has settled 0.053 fi. at a
distance of 5 ft. behind the abutment wall, and has settled 0.022 ft. at a distance
of 20 ft. behind the wall. It has significantly more settlement near the abutment
wall.

The offset wheel path has settied 0.058 ft. at a distance of 5 ft. behind the
wall, and has settlad 0.048 ft. at a distance of 20 ft. behind the wall. This wheel
path has settled unifarmly, and while it has a little more setttement near the
abutment wall (0.01 ft.), it is not as significant as the differential settlement for
the centerline wheel path.

The bump at the end of the bridge has started to develop at this
approach. This indicates that although the required densities were achieved
during construction of this embankment, the required densities were not great
enough to eliminate a bump at the transition between the bridge approach and

deck.
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North of B, B2

Total Pressure Cells

There are 0.4 psi of pressure exerted on the back of the abutment wall at
the top cell. There was an initial peak in the pressure at the top cell shortly after
construction, but the value has remained constant at 0.4 psi since March, 1996.
The initial peak could be a result of the hydrostatic pressure of the wet controlled
low strength material shortly after construction.

The middle total pressure cell measures 0.1 psi of pressure on the back
of the abutment wail. The pressure on the middle cell reached a peak of 2.8 psi
shortly after construction but has stayed below 0.5 psi since May, 1995. The
plot has small peak values of 0.5 psi in the summer months. The peaks could be
due to thermal expansion of the bridge deck or the backfill itself during summer
months, but if this were the case, the same trend would be exhibited in the top
pressure cell.

The pressure on the bottom total pressure cell is 0.9 psi. The pressure
has increased from an average value of 0.7 psi before May, 1996, to recent
values inthe 0.8 - 1.0 psi range. The sand covering the lower cell, as shown in
Figure 3, could be putting pressure on the lower cell.

Like the geotextile reinforced embankment, this backfill was designed to
be seif supporting. Nothing was placed between the controlied jow strength

material and the abutment wall during construction so the material is in contact

33



with the wall. The pressure is higher than expected. This could be attributed to
movement of the controlled low strength material toward the abutment wall as
the pressure is fairly uniform (less than 1 psi) along the face of the abutment

wall.

Lateral Earth Movement

The data from the centerline inclinometer show the casing has moved 0.2
in. toward the bridge at the top of the casing. At a depth of 5 ft., the movement
toward the bridge reduces to 0.00 in. The larger indication of movement at the
top of the casing is inconsistent with the rest of the data, so 0.00 in. is a better
assessment of actual movement. The offset inclinometer data show 0.06 in. of
movement toward the bridge at the top of the casing. The abutment wall casing
has moved 0.02 in. toward the bridge at the top of the casing. The middle
section of this casing has moved 0.06 in. toward the backfill. This is probably
due to an error in the reference data set because the subsequent data sets show
the movement toward the backfill.

In a direction parallel to the abutment wall, the centeriine casing has
moved 0.01 in. east. The offset casing has moved 0.03 in. west toward the
wingwall. The data for the abutment wall in this direction also indicate that the
initial data set is incorrect. The data show that the top of the casing has moved
east 0.15 in. If the reference and the June data sets were ignored, movement

would only be 0.02 in. west.



Amplified Liquid Settlement Gages

The centerline amplified liquid settlement gage shows a settlement of
0.348 ft. The settiement showed an increase following construction and has
since leveled off.

The offset amplified liquid settlement gage has 0.143 fi. of settlement.
Although there are some variations in the plot, it has shown a general increase
in settlement since construction. Settlement is still occurring according to the

offset amplified liquid settlement gage data.

Inclinometer Telescoping Couplings

The following table summarizes the settlement for each individual stratum
according to the centerline and offset inclinometer telescoping coupling
readings.

Table 3: Inclinometer Telescoping Coupling Seftlement Summary for B2

AH {ft) Centerline Offset
A (R4-R1) -0.080 0.028
A (R4-R2) 0.050 0.090
A (R4-R3) 0.050 0.040
A Hyacii -0.130 -0.062
A Hembankment 0.000 0.050
A Hioundation 0.050 0.040

The centerline backfill has consistently shown upward movement since
construction. This is difficult to explain as there is no plausible reason for

upward movement. The indication of upward movement could be due to
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inconsistent installation of the inclinometer casing. The entire tube may have
been pushed down further than it should have been during construction which
would have altered the bottom reading. The embankment settlement also has
some negative settlement values, but the average settlement is 0.000 ft. The
foundation settiement is 0.050 ft.

The offset backfill settlement is -0.062 ft. As before, the negative value is
difficult to explain. The embankment settiement is 0.050 ft., and the foundation
settiement is 0.040 ft. Both the embankment and the foundation settlement
values are questionable because, over time, the plots show upward movement of

the embankment.

Surface Settlement Points

The surface settlement data for the two vehicle wheel paths were
evaluated. The wheel path closest to centerline is composed of reading points
4, 8, 12, and 16. The offset wheel path is composed of reading points 2, 6, 10,
and 14. The centerline wheel path has had 0.036 ft. of settlement at a distance
of 5 ft. behind the abutment wall, and 0.013 ft. of settlement at a distance of 20
ft. behind the wall. The most settlement has occurred at reading points 4 and
12, 5 ft. and 15 ft. behind the wall, respectively. This means that there is a small
dip at each of these points.

The offset wheel path has had 0.030 ft. of settlement 5 ft. behind the

abutment wall, and 0.041 ft. of settlement 20 ft. behind the wall. The settlement

36



for this wheel path is more uniform than the settlement for the centerline wheel
path. The change in surface elevation increases with distance from the

abutment wall.

South of C, C1

Total Pressure Cells

The pressure on the top cell peaked after construction and immediately
decreased to a value of 0.1 psi. It has remained at 0.1 psi since that time.

The pressure on the middle cell is 1.8 psi. The plot shows two definite
peaks in total pressure on the middie cell. One peak is in July, 1995, and the
other is in October, 1996.

The pressure on the bottom cell is 2.4 psi. The plot for the bottom total
pressure cell also shows peaks in July, 1995, and October, 1996. The variations
in pressure on the middle and bottom cell are probably due to seasonal
temperature variations. Expansion of the bridge deck in the summer months
causes more pressure on the back of the wall. The lack of cyclic behavior in the
top cell suggests that the soll is not as dense near the top cell as it is near the
middle and bottom cells. The soil around the top cell could be arching which

would result in less pressure on the top cell.
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Lateral Earth Movement

The top of the centerline casing has moved 0.12 in. toward the bridge.
The offset casing has moved 0.12 in. toward the bridge. The abutment wall
casing has moved 0.20 in. away from the bridge. This could indicate that the
abutment wall has moved toward the bridge but is tilted into the backfill at the
top of the wall because of the bridge deck, as explained earlier.

In a direction parallel to the abutment wall, the centerline casing has
shown smail movements in both the east and the west direction. [t has moved
0.15 in. west at the top of the casing. The offset casing has moved 0.06 in. east

at the top of the casing. The abutment wall casing has moved west 0.25 in.

Amplified Liquid Settlement Gages

The centerline settlement gage stopped functioning properly in May,
1996. Prior to that time, 0.364 ft. of settlement had occurred, and seittement
appeared to be continuing.

The offset settlement gage shows that 0.343 fi. of settlement have
occurred. The plot looks like it is approaching a constant vaiue, but a smail

amount of additional settlement will likely occur before it does.
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Inclinometer Telescoping Couplings

The following table summarizes the settlement for each individual stratum
according to the centerline and offset inclinometer telescoping coupling
readings.

Table 4: Inclinometer Telescoping Coupling Setttement Summary for C1

AH (ft) Centerline Offset
A (R4-R1) 0.083 0.265
A (R4-R2) 0.055 0.050
A (R4-R3) 0.050 0.085
A Hpacis 0.028 0.215
A Hembankmen 0.005 -0.035
A Higundation 0.050 0.085

According to the centerline inclinometer tetescoping coupling readings, the
backfill stratum has settled 0.028 ft. The embankment has settled 0.005 ft. The
foundation has seftled 0.050 ft.

According to the offset telescoping coupling readings, the backfill has
settled 0.215 ft. The embankment has settled -0.035 ft. The foundation has
settied 0.085 ft. Again, the negative value for the embankment settlement raises
questions about the reliability of the inclinometer data. For both the centerline
and the offset inclinometer readings, the foundation has exhibited a large
amount of settlement, and the embankment has exhibited little settlement.
However, the large difference between the centerline and offset values for

settlement of the backfill is questionable.
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Surface Settlement Points

The wheel path closest to centerline consists of reading points 4, 8, 12,
and 16. At a distance of 5 ft. behind the abutment wall, 0.027 ft. of settlement
has occurred, and 0.012 ft. of settlement has occurred 20 fi. behind the
abutment wall. Initially, there was a dip in the pavement at reading point 12, and
the pavement was flat between points 8 and 4. Now, the dip extends from point
12 to point 8 before coming back up to point 4. Point 8 has settled 0.044 ft.
which is the largest amount of setttement for this wheel path.

The offset wheel path consists of reading points 2, 6, 10, and 14. At a
point 5 ft. behind the abutment wall, 0.038 ft, of settlement has occurred. At a

point 20 ft. behind the abutment wall, 0.027 ft. of settlement has occurred.

North of C, C2

Total Pressure Cells

The top total pressure cell had an initial peak in pressure of 0.6 psi. Then
pressure decreased to 0.1 psi, where it remained constant until October, 1896.
It then began increasing and recently reached a value of 0.3 psi.

The middle total pressure cell has shown a steady increase in pressure
since construction. The total pressure is 1.6 psi. The pressure appears to be

approaching a constant value.
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The bottom cell has also been increasing steadily since construction and
has reached a value of 3.4 psi. It also appears to be reaching a constant value.

Of the five embankments, C2 is the most consistent with expectations in
terms of pressure distribution. The wall has a nearly linear pressure distribution

from the top cell to the bottom cell.

Lateral Earth Movement

The centerline inclinometer casing has moved 0.15 in. toward the bridge,
The offset inclinometer casing has moved 0.10 in. toward the bridge. The
abutment wall casing has moved 0.08 in. toward the bridge.

In a direction paraliel to the abutment wall, the centerline casing has
moved 0.03 in. east. The top of the offset casing has moved 0.01 in. west. The

abutment wall casing has moved 0.25 in. west.

Amplified Liquid Settiement Gages

The gages both had guestionable readings in February, 1997. The
readings could be the result of insufficient flow in the system.

Settlement for the centerline amplified liquid settiement gage is 0.200 ft.
The seftlement is approaching a constant value.

Settlement for the offset gage is 0.071 ft. The plot for the offset gage is

variable.
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inclinometer Telescoping Couplings

The following table summarizes the settlement for each individual stratum
according to the centerline and offset inclinometer telescoping coupling
readings.

Table 5: Inclinometer Telescoping Coupling Settiement Summary for C2

AH (ft) Centerline Offset
A (R4-R1) 0.045 0.315
A (R4-R2) 0.038 0.035
A (R4-R3) 0.026 0.040
A Hyaersin 0.007 0.280
A Hembankment 0.012 -0.005
A Hisundation 0.026 0.040

According to the centerline telescoping coupIiAng, the backfill has settled 0.007 ft.
The settlement seems to have reached a constant value since the total
settlement value (A (R4-R1)) has remained at 0.045 ft. since May, 1996. The
embankment has settled 0.012 ft., which is also a constant value. The
foundation has settled 0.026 ft. The plot for the foundation settlement has not
leveled off, and some additional settlement may occur.

The offset inclinometer telescoping coupling indicates that the backfill has
settled 0.280 ft. The settlement was gradually decreasing after construction but
experienced a significant increase in May, 1996. This could indicate that the
rivet in the first telescoping coupling sheared in May, 1996. The embankment
settlement has been gradually increasing since construction, and settlement

appears to have stopped at -0.005 ft. The foundation settlement has also been
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decreasing since construction and it seems to have stopped at 0.040 fi. The

settlement indicated by the offset inclinometer readings is significantly greater
than the settlement indicated by the centerline inclinometer readings. There is
also a negative value of settlement for the embankment indicated by the offset

inclinometer which suggests that these readings are unreliable.

Surface Settlement Points

The wheel path closest to centerline contains reading points 4, 8, 12, and
16. For this wheel path, 0.033 fi. of settiement has occurred at a point 5 ft.
behind the abutment wall, and 0.041 ft. of settlement has occurred at a point 20
ft. behind the abutment wall. A slight bump is developing at reading point 12.

The offset wheel path contains reading points 2, 6, 10, and 14. At a point
5 fi. behind the abutment wall, 0.053 ft. of settiement has occurred. At a point 20
ft. behind the abutment wall, 0.049 ft. of settlement has occurred. Settlement is

uniform along this wheel path.
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CHAPTER §

DISCUSSION OF RESULTS

Performance

Total Pressure Cells

The pressure on the back of the abutment walls was measured at three
heights using total pressure cells. The theoretical lateral earth pressure values
were predicted for both active and at rest conditions by Benson (2). The active
lateral earth pressures were calculated using the Rankine formula:

ca=Ki*y*H

G, = active lateral earth pressure
K. = Rankine active earth pressure coefficient = tan®(45-¢/2)
¢ = angle of internal friction

y = dry density
H = depth of interest

At rest earth pressures were calculated using the Jaky at rest coefficient
K, = 1-sin¢, where o, = K, *y * H. Table 6 gives a comparison between the
theoretical values of earth pressure estimated by Benson and the actual

measured values,



Table 6: Lateral Earth Pressure Values, Predicted and Measured

A2 B1 B2 C1 C2
H,, ft. 2.19 1.86 1.55 0.96 0.96
Gas PSi 0.4 0.5 * 0.1 0.1
Go, PSI 0.6 0.8 = 0.2 0.2
Omeasured, PSI~ 1.3° 0.22 0.5 0.1 0.3
H., ft. 5.19 4.86 455 3.96 3.96
C., psi 0.8 1.4 . 0.5 0.5
O, PSi 1.4 2.0 * 0.6 0.9
Omeasuredy PSI 167 1.5 0.1° 1.8° 1.6
H,, ft. 7.66 7.86 7.55 6.96 6.96
Ca, PSi 1.3 2.2 > 0.9 0.9
Go, PSI 2.0 3.2 * 1.5 1.6
Omeasureds PSi 0.3 1.7 0.9 24° 34

Hi=depth to top cell, H,=depth to middle cell, and Hi=depth to bottom cell.

* Total pressure cell data fluctuate with seasonal temperature change.
*Pressures not calculated because ¢ value for controlled low strength material
unknown.

The measured values of lateral earth pressure do not correlate with the
estimated values. The estimated active tateral earth pressures for embankment
B1 are the closest to the actual measured values. The Rankine active lateral
earth pressure closely approximates the actual conditions for this embankment.
The Rankine active conditions and the at rest conditions underestimate the
lateral earth pressure conditions for embankments C1 and C2. The measured
values at A2 are also higher than the estimated values with the exception of the
bottom total pressure cell. Although the pressures were higher than expected

for G2, the abutment wall has the expected linear pressure distribution.

Compaction efforts could have caused excess pressure to be exerted on the



back of the abutment wall C1 if the concrete cube was dropped too close to the
face of the abutment wall. This should not be the case, as a walk behind pad
vibrator was used within 2 ft. of the abutment wall and wingwalls. Also, the
observed effect of temperature on the pressures could be causing the measured

pressures to be higher than the estimated pressures.

Lateral Earth Movement

All approach embankments show the same general trend for lateral earth
movement as indicated by the inclinometers. The backfill area is moving toward
the bridge which is the expected direction of movement. In the direction parallel
to the abutment wall, the embankments have shown small amounts of
movement. There has been movement both toward the centerline of the
roadway and toward the wingwail west of the roadway. The westward movement
is more common and has greater magnitudes than the eastward movement. As
settlement occurs, the embankment tends to spread. Since the inclinometers
are installed either on the centerline or west of centerline, the movement is
mostly west. The movement to the west is also influenced by the presence of

spur dikes at three of the locations.

Settiement

Settlement was measured by the amplified liquid settlement gages, the

inclinometer telescoping couplings, and the surface settiement points. The



following table summarizes the settlement data for the control embankment and

the four experimental approach embankments.

Table 7 : Summary of Settiement Data

Amplified Liquid Seftlement Gage Data, AH in ft.

AH A2 B1 B2 C1 C2

Centerline 0.332 0.264 0.348 0.364 0.200
Offset 0.247 0.214 0.143 0.343 0.071
Difference 0.085 0.050 0.205 0.021 0.129

Inclinometer Data, AH in #.

AH A2 B1 B2 C1 c2
Centeriline
Backfill 0.005 0.039 -0.130 0.028 0.007
Embankment 0.001 0.002 0.000 0.005 0.012
Foundation 0.074 0.016 0.050 0.050 0.026
Offset
Backfill 0.075 0.098 -0.062 0.215 0.280
Embankment -0.005 0.012 0.050 -0.035 -0.005%
Foundation 0.085 0.016 0.040 0.085 0.040

e e b msiee—tas st D s es a

The amplified liquid settlement gages indicate that setttement was greater
under the centerline of the approach embankments than under the offset. This
1S true in all cases. Embankment C2 had the least settiement for both the
centerline and the offset. The centerline settlement was 0.200 ft., and the offset
settlement was 0.071 ff. Embankment C1 settied the most, with 0.364 ft. of
centerline settlement and 0.343 ft. of offset settlement. Although C1 had the
most settlement, it had the lowest differential settlement, 0.021 fi., between the

centerline and the offset of any of the five embankments. C2 had a large
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differential settiement of 0.129 ft., second only to B2, which had a differential
settlement of 0.205 ft.

The ampilified liquid seftlement gage data are more reliable than the
settlement data obtained from the inclinometer telescoping couplings. The data
from the inclinometer telescoping couplings show upward movement of the
approach embankment in some cases, which is not a likely occurrence. One
reason for data error is reader variability. The depth to the various telescoping
couplings in the inclinometer casing was not read by the same person each time
data were recorded, which may have caused some mistakes in the
measurements. In addition, differences of a hundredth of a foot could be easily
misread by simply reading the measuring tape at an angle instead of level. Also,
to accurately measure settlement, the top rivet in the telescoping coupling must
shear. This appears to have happened in only two cases, the second
telescoping coupling of A2 and the first telescoping coupling of C2. Conversely,
the amplified liquid settlement gage data were gathered using calibrated
instruments which are considered more reliable. The decision to measure
settlement using the inclinometer telescoping couplings was a good idea in
theory, but it is highly variable and is not a good backup system for determining
settlement.

Even though the settiement data from the inclinometer telescoping
couplings are questionable, trends can be detected. In all cases, the total

settlement for the centerline inclinometer was less than the settlement for the
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offset inclinometer. For both the centerline and the offset inclinometer, B2
showed upward movement of the backfili. Although this is unlikely, it is probabie
that very little or no settlement occurred within the backfill of this embankment.

The surface settiement data give a good indication of whether or not a
bump has started to develop at the end of the bridge. At embankments A2 and
B1, the bump has started to develop, and there has been traffic on the road for
less than one year.

Table 8 compares the values of settlement estimated by Schwidder (12)
to the actual values of settlement according to the amplified liquid settlement
gages for each approach embankment .

Table 8: Comparison of Estimated Settiement Values
to Actual Settlemnent Values

AH, ft. o A2 Bt B2 cT  Cc2
Actual Values o S
Centerline 0.332 0.264 0.348 0.364 0.200
__Offset 0247 0214 0.143 0.343 0.071
Estimated Values 0.250 ©0.187 0.203 0.179 0.143

The estimated values of settlement are lower than the actual values of
settlement according o the centerline ampilified liquid settlement gages in all
cases. The estimated value for A2 is the same as the offset value. The
estimated value for B1 is close to the offset value. The estimated settlements
give reasonable indications of the actual settlement, based on the material

properties of the approach embankment assumed at the time.
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Groundwater Levels

The plots of groundwater table elevation versus time (Appendix C)
showed the same trend for all of the embankments. The groundwater table rose
approximately 8 ft. above normal leveis in July, 1985, during the record rainfalls
of that summer. The levels then returned to and have remained at normail levels.
The variations in the groundwater ievel do not appear to have any effect on
either settlement or lateral earth pressure. If groundwater had a noticeable
effect on the |lateral earth pressure, it would indicate that the drainage systems
for the approach embankments were not functioning properly and there was

water in the backfil).

Conclusions

In terms of setliement, C2 appears to be performing the best. Even
though settiement values are higher than predicted, it has the least settlement of
any of the approach embankments. It has not developed a bump at the end of
the bridge, and settlement is uniform along the centerline and the offset wheel
path. The only real concern is the large amount of differential settlement (0.120
ft.) between the centerline and the offset, which is not an extremely high value,
but it is the largest of any of the embankments. C2 also shows the expected
trend in terms of lateral earth pressure. The lateral earth pressures are higher

than expected, but the distribution has the expected linear increase with depth.
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The lateral earth pressure values are the closest to the predicted values
for B1. Embankment B1 is performing the second best in terms of settlement,
but a bump is beginning to develop at this embankment. A bump is also
beginning to develop at A2.

B2 is performing well with respect to settlement. The surface settlement
point data show that at a distance of 5 ft. behind the abutment wall, there are
0.036 ft. of settlement at the wheel path closest to centerline and 0.030 ft. of
settlement at the ofiset wheel path. No bump has started to develop at this
approach embankment. In addition, the controlled low strength material is
exerting very little pressure on the back of the abutment wall. The settlement
according to the settiement gages is high, second only to C1. A greater amount
of settlement is expected with this type of embankment construction because of
the weight of material. The controlled low strength material exerts more weight
on the foundation material than either the compacted granular backfill or
unclassified borrow. The embankment has experienced little lateral movement.

Embankment C1 has the highest amount of settlement for both centerline
and offset according to the ampilified liquid settlement gage data. Although it
has the greatest amount of settlement, it does not yet have a significant bump at
the abutment wall. C1 is exerting less pressure on the abutment wall than C2,
which can be directly retated to the construction method because C1 and C2 are

constructed of the same backfill material.
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The least expensive embankment construction was A2. The total cost for
A2 was $1500. The most expensive was B1 at $25,000. The remaining
embankments cost in the range of $14,500 - $16,000. Although A2 was by far
the least expensive construction, it poses the conventional construction
problems related to compaction requirements. The unclassified borrow material
used for this embankment is generally not as good as the material used in the
other options, and A2 has not performed as well as some of the other approach
embankments. Therefore, the added expense of embankment B2, C1, or C2
may be justified.

Data still need to be gathered for at least one more year in order to obtain
real information from this study. Continued observation over several years is
desirable to determine the long-term performance of the embankments, because
as the embankments get older, a bump is more likely to develop. Traffic has
been on the road for less than one year, and any problems with the construction
methods or materials may not have yet been uncovered.

Little research has been done on this subject to date. The potential
benefit of the knowledge gained form this study is a good incentive for the
continued monitoring of this project. With continued observation, this project

could serve as an important reference for highway agencies.
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APPENDIX A1

A1 Instrument Locations
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