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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

settlement 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, 8, and C, with A being the southernmost bridge and C

being the northernmost 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
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considered in the backfill comparisons, although it was partially instrumented.

The instrumentation data for this embankment are presented in Appendix 81.

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 unclassified borrow material and represents a typical approach

embankment in Oklahoma. The experimental embankments 'vYere each

constructed with a different type of backfill. 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 portland

cement, fly ash, sand, and water. 80th 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'vYere 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 embankments. A literature review was completed to determine 'What

others have done to reduce the problem of approach embankment settlement.
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Construction of the embankments was completed in June, 1995, and

instrumentation data 'Here gathered at three to four 'Heek intervals until June,

1996. Since that time, data have been gathered approximately every eight

'Heeks. The data were evaluated and compared with predicted values for

settlement 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 ~cross the site. Therefore, it is possible to

compare the performance of the experimental approach embankments and

relate the performance to the construction type and material for the

embankment. Comparisons were made between the performance of the

different embankments and the best altematives for bridge approach

embankment construction were chosen.
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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

dowmvard 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 problems, 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 settlement within the

4



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,

• poor compaction of the abutment backfill caused by restricted access

of standard compaction equipment,

• erosion of the soil at the abutment face, and

• 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, au began a study of 758 bridge

approaches in Oklahoma. Information relating to construction, maintenance,

and materials for these approaches 'NaS collected. Of the approaches surveyed,

83% experienced settlement (10).

In 1993, OU published a statistical model for predicting bridge approach

settlement. The model was based on field tests at 29 sites in Oklahoma and

several equations were developed to predict settlement (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
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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 settlement and the embankment and

foundation soil characteristics were found to have the greatest influence on

approach settlement.

In 1995, OU published a computer program called FEABAS (7). The

program utilized a finite element analysis procedure to predict settlement. The

program predicted both the consolidation settlement 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 settles 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 fi,lIload is determined from just a few

samples, \Nhile the foundation material 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 settlement 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.
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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 settlement.

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 settlement 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

settlement (14). Several options are available 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 soil 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. Thi's is done with the

expectation that the majority of consolidation will occur before the approach slab

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
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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 alternative 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
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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 settlement.

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 waH height, any movement measured after

construction can be attributed to one of these two variables.
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CHAPTER 3

EMBANKMENT DESIGN

Backfill Design and Construction

Control 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 fl. 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 non'NOven 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.
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Figure 2 shows the design cross section for the embankment. The approach

embankment was 9.0 ft. 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 wall. 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 \,Wre 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 wingwafls 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 materiral 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 density the

material. It was inserted into the lift at 1 ft. spacing over the backfill 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 81, C1, and C2 used granular material in the approach

embankment, so no filter sand was necessary around the drain. For A2 and 82,

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

settlement 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 settlement. 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

ft. 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

settlement of the foundation. The depth to each of the four couplings was

recorded at the time of construction and taken as the reference va.lue. 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 following manner:

20



L1H =settlement

L1Hfoundation = L1(R4-R3)

L1Hembankment =.1(R4-R2) - .1Hfoundation

.1 Hbackfill =L1(R4-R1) - L1Hembankmenl - .1Hfounclation

where:

R1 = depth to first telescoping coupling

R2 = depth to second telescoping coupling

R3 = depth to third telescoping coupling

R4 =depth to fourth telescoping coupling

L1(R4-R1) = settlement of backfill plus embankment plus foundation

.1(R4-R2) = settlement of embankment plus foundation

L1(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 levels.

This was done to determine if there was any correlation between measured

settlement and changes in groundwater depth. The piezometer was installed 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 walk One was placed on the centerline,

and the other was placed 10ft. west of the centerline.
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The total pressure cells were installed on the back of the abutment 'Nail to

measure the lateral earth pressures against the 'NaIl. They were spaced 3 ft.

apart on the centerline of the wall and were mounted flush with the 'Nail 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

settlement 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 \Nest of centerlint::: inclinometer

and the west of centerline amplified liquid settlement gage.
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CHAPTER 4

DATA PRESENTATION

The instruments 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 shovvs 1.3 psi exerted on the back of the

abutment wall. The plot for the top cell has tVIIO distinct peaks. The peaks occur

in the summer months, while the valleys 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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betNeen 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 middle

cell is farther away from the bridge deck.

The bottom total pressure ceU 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 a\N8Y 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 error because the bottom cell has shown a consistent

decrease in pressure since August, 1995. As sho'M1 in Figure 1, granular

backfill was placed in the area immediately behind the abutment wall. Arching of

the granular material 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 centerline, 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 centerhne

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 \Nest 0.05 in. toward the wingwall.

Amplified Liquid Settlement Gages

The centerline amplified liquid settlement gage data plot exhibits the

expected trend. The settlement 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 settlement gages indicate settlement below the backfill, i. e. I

settlement of the embankment and foundation strata.

Inclinometer Telescoping Couplings

The following table summarizes the settlement for each individual stratum

according to the centerline and offset inclinometer telescoping coupling

readings.

Table 1: Inclinometer Telescoping Coupling Settlement Summary for A2.

-----'._-------__ .-A~.J!!L ~e':l!erl~! ..__ Offset
~ (R4-R1) 0.080 0.155
~ (R4-R2) 0.075 0.080
t1 (R4-R3) 0.074 0.085
~ Hbackfill 0.005 0.075
~ Hembankment 0.001 -0.005
~ HfoUndat~~._. .•...9.27~._._ ..__....__9~Q~?._~_.

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 complete.

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 settlement 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 Vv'heel paths of

the average vehicle. The wheel path closest to centerl'ine 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 Vv'heel 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. Th,is means that the approalch

embankment is sett1ling more with increasing distance from the abutment wall.

The offset Vv'heel 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, 81

Total Pressure Cells

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

The total pressure versus time plot shows two distinct peaks in pressure. These
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peaks occur in the summer, 'Nhich can be attributed 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 middle 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 middle 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 sho'M"l 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 small 'ncreases 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 'Nhen 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

densi,ties 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 cohesion less 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 parallel

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 settlement gage data plot 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

settlement 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 81

AH (ft)
~ (R4-R1)
~ (R4-R2)
~ (R4-R3)
~ Hbacldill

~ Hembankment

~ Hfoundalion

Centerline
0.057
0.018
0.016
0.039
0.002
0.016

Offset
0.126
0.028
0.016
0.098
0.012
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, 1995, 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 settlement (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, \o\Ihich 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 backfill

settlement.

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 ft. 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 settled 0.058 ft. at a distance of 5 ft. behind the

wall, and has settled 0.048 ft. at a distance of 20 ft. behind the wall. This wheel

path has settled uniformly, and while it has a little more settlement 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, 82

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 wall. 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 in the 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 self supporting. Nothing was placed between the controlled low strength

material and the abutment wall during construction so the material is in contact
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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 centerline 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 'W'ere ignored, movement

would only be 0.02 in. west.

34



Amplified Liquid Settlement Gages

The centerline amplified liquid settlement gage shows a settlement of

0.348 ft. The settlement shovved an increase following construction and has

since leveled off.

The offset amplified liquid settlement gage has 0.143 ft. 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 Settlement Summary for 82

.1.H (~l ._~en!erline . Offset
.1 (R4-R1) -0.080 0.028
.1 (R4-R2) 0.050 0.090
.1 (R4-R3) 0.050 0.040
.1 Hbackfill -0.130 -0.062
.1 Hembankment 0.000 0.050
.1 Hfoundation 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 do'Wl'l 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 settlement is 0.050 ft.

The offset backfi'll settlement is -{).062 ft. As before, the negative value is

difficult to explain. The embankment settlement is 0.050 ft., and the foundation

settlement 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 vvheel path closest to centerline is composed of reading points

4, 8, 12, and 16. The offset vvheel 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
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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

Tolal 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 tVlfO definite

peaks in total pressure on the middle 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, 1'995, and October, 1996. The var.ations

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 soil 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 small movements in both the east and the west direction. It 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 settlement

appeared to be continuing.

The offset settlement gage shows that 0.343 ft. of settlement have

occurred. The plot looks like it is approaching a constant value, but a small

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 Settlement Summary for C1

-~'---~--'-'---~

__~~J~)__
.1 (R4-R1)
~ (R4-R2)
~ (R4-R3)
~ Hbacklill

~ Hembankment

~ Hfoundalion

Centerline
0.083
0.055
0.050
0.028
0.005
0.050

Offset
0.265
0.050
0.085
0.215
-0.035
0.085

According to the centerline inclinometer telescoping coupling readings, the

backfill stratum has settled 0.028 ft. The embankment'has settled 0.005 ft. The

foundation has settled 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

settled 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 bet\lveen 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 ft. 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 settlement 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, 0.039 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, 1996.

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 parallel 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 Settlement Gages

The gages both had questionable readings in February, 1997. The

readings could be the result of insufficient flow in the system.

Settlement for the centerline amplified liquid settlement gage is 0.200 ft.

The settlement 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 Settlement Summary for C2

AH (tt)
~ (R4-R1)
~ (R4-R2)
A (R4-R3)
AHbackfill

A Hembankment

A HfoUndation

Centerline
0.045
0.038
0.026
0.007
0.012
0.026

Offset---
0.315
0.035
0.040
0.280
-0.005
0.040

According to the centerline telescoping coupling, 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 ~., 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 ft. 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 unrel1iable.

Surface Settlement Points

The wheel path closest to centerline contains reading points 4, 8, 12, and

16. For this wheel path, 0.033 ft. of settlement has occurred at a point 5 ft.

behind the abutment wall, and 0.041 ft. of settlement has occurred at a po,int 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 ft. behind the abutment wall, 0.053 ft. of settlement 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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CHAPTERS

DISCUSSION OF RESULTS

Performance

Total Pressure Cells

The pressure on the back of the abutment wa'lls 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:

O"a =Ka * y * H

cra =active lateral earth pressure

Ka =Rankine active earth pressure coefficient = tan2(45"1j)/2)

q, = angle of internal friction

y = dry density

H = depth of interest

At rest earth pressures were calculated using the Jaky at rest coefficient

Ko =1-sinq" where cro =Ko * y * H. Table 6 gives a comparison between the

theoretical values of earth pressure estimated by Benson and the actual

measured values.
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Table 6: Lateral Earth Pressure Values, Predicted and Measured

-- .
A2 81 82 C1 C2-----

H1, ft. 2.19 1.86 1.55 0.96 0.96
<ra, psi 0.4 0.5 '* 0.1 0.1
ao, psi 0.6 0.8 '* 0.2 0.2
(fmeasured, psi 1.3a 0.2 a 0.5 0.1 0.3

H2, ft. 5.19 4.86 4.55 3.96 3.96
(fa, psi 0.8 1.4 '* 0.5 0.5
(fo, psi 1.4 2.0 '* 0.6 '0.9
(fmeasured, psi 1.6 a 1.5 0.1 a 1.8 a 1.6

H3, ft. 7.66 7.86 7.55 6.96 6.96
(fa, psi 1.3 2.2 '* 0.9 0.9
(fo, psi 2.0 3.2 * 1.5 1.6
(J"measurecs, psi 0.3 1.7 0.9 2.4 a 3.4

.___--.--__u ..._ .•_·.________•____..-..-_......_~__• ____.__________._.__._...................

H1=depth to top cell, H2=depth to middle cell, and H3=depth to bottom cell.
a Total pressure cell data fluctuate with seasonal temperature change.
·Pressures not calculated because Qt value for controlled low strength material
unknown.

The measured values of lateral earth pressure do not correlate with the

estimated values. The estimated active lateral earth pressures for embankment

81 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 C2, the abutment wall has the expected linear pressure distribution.

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

Settlement

Settlement was measured by the amplified liquid settlement gages, the

inclinometer telescoping couplings, and the surface settlement points. The
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following table summarizes the settlement data for the control embankment and

the four experimental approach embankments.

Table 7 : Summary of Settlement Data

Amplified LJquid Settlement Gage Data, L1H in ft.

~H. .
Centerline
Offset
Difference

A2
.... -.-_....."

0.332
0.247
0.085

61
0.264
0.214
0.050

82.........

0.348
0.143
0.205

C1.. . ....

0.364
0.343
0.021

C2
0.200
0.071
0.129

Inclinometer Data, L1H in ft.

~H A2 61 82 C1 C2----_.__._-----~-~- ._------_.- ._--_..

Centerline
Backfill 0.005 0.039 -0.11 30 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

The amplified liquid settlement gages indicate that settlement was greater

under the centerline of the approach embankments than under the offset. This

is true in all cases. Embankment C2 had the least settlement for both the

centerline and the offset. The centerline settlement was 0.200 ft., and the offset

settlement was 0.071 ft. Embankment C1 settled 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 ft., between the

centerline and the offset of any of the five embankments. C2 had a large
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differential settlement of 0.129 ft., second only to 82., which had a differential

settlement of 0.205 ft.

The amplified liquid settlement 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 settlement 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, 82

showed upward movement of the backfill. Although this is unlikely, it is probable

that very little or no settlement occurred within the backfill of this embankment.

The surface settlement 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

81, 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 Settlement Values
to Actual Settlement Values

C2C18281A2AH, ft. _
Actual Values

Centerline 0.332 0.264 0.348 0.364 0.200
Offset 0.247 0.214 0.143 0.343 0.071

............... -:> _ __ _ _ _ .. _ _ ...A _._-..~•••• ~ • •• • ·.-__ OI.A '• .,-p· ~~ _·_.~_·_ v· _·_.._ .••...- _ _.__.••_ _ .

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 to the centerline amplified liquid settlement gages in all

cases. The estimated value for A2 is the same as the offset value. The

estimated value for 81 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 levels in July, 1995, during the record rainfalls

of that summer. The levels then returned to and have remained at normal levels.

The variations in the groundwater level 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 backfill.

Conclusions

In terms of settlement, C2 appears to be performing the best. Even

though settlement 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 predided values

for 81. Embankment 81 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.

82 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 offset wheel path. No bump has started to develop at this

approach embankment. In addition, the controlled low strength material is

exerting very IiWe pressure on the back of the abutment wall. The settlement

according to the settlement gages is high, second only to C1. A greater amount

of seWement 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 amplified 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 related 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 1\2.. The total cost for

1\2. was $1500. The most expensive was 81 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 1\2. has not performed as well as some of th,e other approach

embankments. Therefore, the added expense of embankment 82, 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.

52



REFERENCES

1. Ardani, A., Bridge Approach Settlement, Report No. CDOH-DTP-R-87-Q6,

Colorado Department of Highways, 1987.

2. Benson, John B., Construction of Experimental Approach Embankments at

Salt Fork River Bridges on US 177 and Their Initial Performance, Oklahoma

State University, 1995.

3. Chini, S. Abdol, Wolde-Tinsae, Amde M., and Aggour, M. Sherif, uDrainage

and Backfill Provisions for Approaches to Bridges", Transportation Research

Record, Vol. 1425, 1993.

4. Grover, Raymond A., "Movements of Bridge Approaches and Settlement of

Approach Pavements in Ohio", Transportation Research Record, Vol. 178,

1978.

5. Holmberg, Soren, "Bridge Approaches on Soft Clay Supported by

Embankment Piles," Geotechnical Engineering, Vol. 10 (1), June, 1979.

6. Hopkins, T.C., Long-Term Movements of Highway Bridge Approach

Embankments and Pavements, Report No. UKTRP-85-12, Transportation

Research Cabinet, 1985.

7. Laguros, J., Zaman, M., Chen, H., and Rahman, M., FEABAS - A User

Friendly Software for Prediction of Bridge Approach Settlement, Study 2188,

ORA 125-6074, Oklahoma Department of Transportation, Oklahoma City,

1995.

8. Laguros, J., Boyd, D., Zaman, M., and Jha, R., Statistical Models for

Identification of Problematic Bridge Sites and Estimation of Approach

Settlements, Study 2188, ORA 125-064, Oklahoma Department of

Transportation, Oklahoma City, 1993.

9. Laguros, J., and Zaman, M., Evaluation of Causes of Excessive Settlements

of Pavements Behind Bridge Abutments and their Remedies - Phase III,

Study 2163, ORA 157-293, Oklahoma Department of Transportation,

Oklahoma City, 1990.

53



10. Laguros, J., Zaman, M., and Mahmood, I., Evaluation of Causes of Excessive

Settlements of Pavements Behind Bridge Abutments and their Remedies 

Phase II, Study 86-04-2, ORA 157-293, Oklahoma Department of

Transportation, Oklahoma City, 1990.

11. Laguros, J., Boyd, D., Zaman, M., and Mahmood, I., Eva,luation of Causes of

Excessive Settlements of Pavements Behind Bridge Abutments and their

Remedies - Phase I, Study 84-12-2, Oklahoma Department of Transportation,

Oklahoma City, 1,986.

12. Schwidder, Arthur J., Estimation of Stress and Deformation Parameters at

Salt Fork River Bridges on US 177, Oklahoma State University, 1994.

13. Stewart, Carl F., Highway Structure Approaches, Report No. FHWAlCAlSD

85-05, Federal Highway Administration, 1985.

14. Wahls, Harvey E., "Design and Construction of Bridge Approaches", National

Cooperative Highway Research Program Synthesis of Highway Practice, Vol.

159, 1990.

54



APPENDIX A

As-Built Instrument Locations

55



APPENDIXA1

A1 Instrument Locations

56



z
SCALE

a FEET 5

932.58
931.35
931.25

928.57

925.57
(-B.5' FROM 924.75
SUBGRADE)

922.51

(-10.5') 920.75

919.57

TOP OF PAVEMENT
TOP OF WALL
TOP OF SUBGRADE

TOP TPC

MIDDLE TPC
TELESCOPING COUPLING

BOTTOM TPC

TELESCOPING COUPLING
ALSG

(-21'l 910.25 TELESCOPING COUPLING

(-27.4') 903.85 BOTTOM OF FILL

(-31.8') 872.25 TELESCOPING COUPLING

(-34,3) 896.95 BOTTOM OF CLAY
AND SANDY CLAY

UNCLASSIFIED
BORROW (PIT 1)

NOTE: BACKFIU BEHIND
ABUTMENT WALL
USED UNCLASSIFIED
BORRpW FROM PIT 2

CLAY AND
SANDY CLAY

SHALE
(-41.6') 889.65

(-41.8') 889.63

(-56.5') 674.75

NORMAL COUPLING

PIEZOMETER TIP

BASE OF INCLINOMETER
CASING

~ CROSS SECTION, SOUTH ABUTMENT WALL,
BRIDGE A, AS-BUILT CONDITIONS

57



SCALE

a FEET 5

o s

~

""'-931.35
C

TOP OF
WALL (

C
I

....c

UNCLASSIFIED
BORROW (PIT 1)

NOTE: BACKFILL BEHIND ABUTMENT
WALL USED UNCLASSIFIED
BORROW FROM PIT 2

I

-~903.85

CLAY AND
SANDY CLAY

---896.95

SHALE

BACK OF WALL SECTION, SOUTH ABUTMENT·
WALL BRIDGE A AS-BUILT CONDITI N

58



SCALE

o FEET 5

I 20.0'

19.8'

LEGEND

• OPEN TUBE PIEZOMETER
• INCLINOMETER CASING
r-l AMPLIFIED LIQUID SETTLEMENT
... ..1 GAGE

;"

/

PLAN SECTION, SOUTH ABUTMENT WALL,
BRIDGE A, AS-BUILT CONDITIONS

59



Surface Settlement Point Locations, South Abutment Wall, Bridge A
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A2 Instrument Locations
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921.19
920.49
919.86
918.90

(-US' FROM 918.11
SUBGAADE)

916.40
915.90

913.90
912,90
911.90

(-9.5' I 910.36
909.90

(-13') 906,86

(-14.5') 905,36

(-19.5') 900.36

(-22') 897.86

(-26.7') 893.16

(-36.7') 883.16

(-46.7') 873.16

(-50.2') 870.54

{-55'} 864.86

1-56.6') 863.26

(-59') 860.86

SCALE

o FEET 5

PAVEMENT SURFACE
TOP OF WALL
TOP OF SUBGRADE
TOP TPC
NORMAL COUPLING

BRIDGE SEAT
MIDDLE TPC

BOTTOM OF BEAM
BOTTOM TPC
BOTTOM OF WALL

TELESCOPING COUPLING
ALSG

BOTTOM OF SAND FILL

TELESCOPING COUPLING

TELESCOPING COUPLING

BOTTOM OF CLAY
AND SILT

NORMAL COUPLING

NORMAL COUPLING

NORMAL COUPLING

BOTTOM OF PIEZOMETER

TOP OF SHALEI BOTTOM OF
POORLY-GRADED SAND

l' GAPPED COUPLING

BOTTOM OF INCLINOMETER
CASING

3

,-

DYNAMtC
<> COMPACTED

GRANULAR
BACKFIL~

IP

( ..Q.. ~
UNCLASSIFIED

BORROW

I
CLAY AND SILT

(

I

c
POORLY -GRADED

SAND

c p

[ ) SHALE
I

Ck CROSS SECTION, SOUTH ABUTMENT WALL,
BRIDGE C, AS-BUILT CONDITIONS
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SCALE

o FEET 5 TOP OF
WALL <t.

6,

6

86

I 920.49
\' " .

0 DYNAMIC
COMPACTED

0 GRANULAR
0 BACKFILL

~ l-.o- UNCLASSIFIED
BORROW

906.8

SilT AND CLAY

897.8

POORlY-GRADED
SAND

--

864.

SHALE

BACK OF WALL SECTION, SOUTH ABUTMENT
WALL, BRIDGE C, AS-BUILT CONDITIONS
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SCALE
M
o FEET 5

I

z

19.6'
~o.1'

L_...J

19.8' :.~

L 10.0'

_~.. r--,- u. ~_T6..£..0-·_~I4_H--

8.8'
12.0·---1....

LEGEND

• OPEN TUBE PIEZOMETER
• INCLINOMETER CASING
i1 AMPLIFIED LIQUID SETTLEMENT
LoJ GAGE

I

PLAN SECTION, SOUTH ABUTMENT WALL;
BRIDGE C, AS-BUILT CONDITIONS
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;s SCALE

o FEET 5

867.86 (-52')

894,86 (-25')
894,06 (-25.S')

87406 (-45.8')

906.86 (-13')

905,36 (-14.5')

865.96 (-53.9')

900,36 1-19.5'1

884,06 I-35,S')

921.19
920.49
919.86
918.90

918.46 (-1.4' BELOW
SUBGRADE)

916.40
915.90

913.90
. 912.90

911,90

910.36 (-9,5')
909,90

BOTTOM OF SilT & CLAY
NORMAL COUPLING

PAVEMENT SURF.
TOP OF WAll

TOP OF SUBGRAOE
TOP TPC

NORMAL COUPLING

BRIDGE SEAT
MIDDLE TPC

BOTTOM OF BEAM
BOTTOM TPC

BOT TOM OF WALL

TELESCOPING COUPLING
AlSG

TELESCOPING COUPLING

NORMAL COUPLING

BOT TOM OF FILL

TEL ESCOPING COUPLING

NORMAL COUPLING

BOTTOM OF SANDI
TOP OF SHALE

BOTTOM OF PIEZOMETER

1" GAPPED COUPLING

...-

FLOODED & I~

VIBRATED
I '7

GRANULAR
~ACKFILL

OJ

~ -I;l. ]
UNCLASSIFIED

BORROW (PIT 3)
~~

~

SILT AND
CLAY

~

- -
I

I

SAND

SHALE

INCLINOMETER
CASING BOTTOM 861.86 (-58')

<k CROSS SECTION, NORTH ABUTMENT WALL,
BRIDGE C, AS-BUILT CONDITIONS
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SCALE

g FEET 5

FLOODED & 0
VIBRATED
GRANULAR 0
BACKFILL

0

UNCLASSIFIED .....a.. -0..

BORROW (PIT 3)

06.86

SILT AND CLAY

4.86

SAND

,

,

67.86

SHALE

9

8

89

TOP OF WALL ~

1"92049

BACK OF WALL SECTION, NORTH ABUTMENT
WALL, BRIDGE C, AS-BUILT CONDITI,ONS
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------.;:=----:::;;_--- SCALE

o FEET 5
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I
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1 1fSl ·L_.J
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---6.0~
9.0'
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~ OPEN TU
• INCLINO

;""""! AMPLIFIE..-.. GAGE

I

PLAN SECTION, NORTH ABUTMENT WALL,
BRIDGE C, AS-BUILT CONDITIONS
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Surface Settlement Point Locations, North Abutment Wall, Bridge C
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ODOT US1n Approach Embankment Evaluation

Bridge A. South Abutment Wall (Unclassified Borrow)

Total Pressure Cells:
Tubing Date Test Pressures
Length Installed 5 psi 50 psi 100 psi

Top - SN 44196 34' 5/4/95 4.56 49.50 99.63
Middle - SN 44203 37' 5/4/95 4.90 50.03 100.03
Bottom - SN 44210 40' 5/4/95 4.40 49.49 99.33

Date Time TPC Rea.dlngs (psi) Remarks
Top Middle Bottom

wlftaw w/ofto w/ftow w/o wfftaw w/o
0.0 0.0 03 0.0 0.2 0.0 Initial readings by wee, no backfill

0.7 0.4 0.4 0.2 0.9 0.7 No backfill, drain COlI. mal'l over bottom TPC

10:25 0.9 0.6 0.5 0.3 1.0 0.7 No backfill, drain COlI. marl over bottom TPC

9:40 1.0 0.5 0.5 0.2 0.7 0.1 No backfill, drain cov. mat'I over bottom TPC

1:30 0.6 0.3 2.3 2.1 2.7 2.5 Backfill placed

11:35 0.1 0.0 2.0 1.2 2.0 1.2
11:35 0.3 0.1 2.8 2.6 2.7 2.5 Equip. parked adj. to wall for several weeks

2:25 0.1 0.0 2.9 2.7 2.7 2.5
2:15 0.1 0.0 1.8 1.7 2.5 2.3
8:50 0.1 0.0 2.6 2.4 2.3 2.1
9:00 0.1 0.0 1.9 1.7 2.3 2.1

10:00 0.0 0.0 1.8 1.7 2.0 1.8
9:00 0.1 0.0 1.3 12 2.0 1.9
1:00 0.1 0.0 1.3 1.1 2.0 1.9
1:00 0.0 0.0 3.1 2.9 2.7 2.5

12:30 0.0 0.0 3.1 3.0 2.8 2.7
10:00 0.1 0.0 3.9 3.8 3.4 3.3
8:00 1.3 1.0 4.8 4.6 3.9 3.8
2:00 0.7 0.4 4.5 4.1 4.0 Highway opened to tratlic

2:00 1.3 1.0 5.3 4.3 4.2 'Cell won1 hold pressure for no "em

1:25 0.5 0.2 4.8 4.7 2.5 2.1
11:35 0.2 0.1 3.8 3.6 2.2 2.1
11:50 0.2 0.1 3.6 3.3 2.8 2.6
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ODOT US1n Approach Embankment Evaluation

Bridge A, South Abubnent Wall (Unclassified Borrow)

Amplified Liquid settlement Gages:
Tubing Date As Built Elevation
length Installed Top of Plate Top of Fluid

Centerline - SN 44224 40' 5/4/95 919.55' 930.72'
Initial Head = 11.17'

Calibration for: Centerline

Head(ft) ;: Reading - (-3.415 psi)
8.425 psi / ft

ALSG Readings, Heads, &~H

Date I Time Cl Remarks
Reading Head ~H

i ft ft
515195 90.7 11.171 Inlllall8lldlngs by wec, no bec;IdIt, reference reading (datum)

6119/95 AM 90.6 11.159 -0.012 No beckIII

717/95 10:25 AM 90.7 11.171 0.000 No beclcfIl

7/14/95 9:40AM 90.8 11.183 0.012 No beckNI

7126195 1:30 PM 91.4 11.254 0.083 BecldIII pieced

819/95 11:35 AM 91.6 11.278 0.107
9/1/95 11:35AM 91.6 11.278 0.107 Equip. plIrked Oller bec:Ji:lin

9120/95 1:25 PM 91.6 11.277 0.106
10(11/95 2:15PM 92.0 11.325 0.154

1113195 8:50AM 92.0 11.325 0.154
11122/95 9:00AM 92.1 11.337 0.166
12/20 10:00 AM 92.4 11.373 0.202

1/11196 9:00AM 91.6 11.278 0.107
218196 1:00 PM 92..0 11.325 0.154

2/29196 1:00 PM 92.0 11.325 0.154
3128196 12:30 PM 91.4 11.254 0.083
4/23196 9:50AM 91.9 11.313 0.142
5121196 8:10AM 91.8 11.301 0.130
6111196 2:00PM 92.2 11.349 0.178 Highwl!ly opened to trllfrlC

816196 1:00PM 91.8 11.301 0.130
10131196 1:25 PM 91.3 11.242 0.071
12116196 11:35NJ. 92.5 11.385 0.214
2/27197 11:50 AM 92.5 11385 0.214
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ODOT US177 Approach Embankment Evaluation

Bridge A, South Abutment Wall (Unclassified Borrow)

Inclinometer Telescoping Couplings - Centerline: Installed 7/25/95

Casing Elevation 933.50' 931.94'
(top=2.60' above GS) As Built tfter Paving

GS Elevation 930.92' Pavement Elevation 932.46'

Reference Coupling 54.08' '" 876.84' Bottom of Casing
Depth Elevation

Readings, Changes, & ~H Values

56.5'

~

Date Time Level 1 (Top) Level 2 Level 3 Level 4 Level 5 (Bottom)
Reading R5 - R1 ~H Reading R5 - R2 ~H Reading R5 - R3 ~H Reading R5 - R4 ~H Reading ~R5 ~H

R1 ft ft ft R2ft ft ft R3 ft ft ft R4 ft ft ft R5 ft ft ft
7/26/95 1:30 PM 9.125 47.555 - 13.140 43.540 - 23.650 33.030 - 34.160 22.520 - 56.680 - -

8/9/95 11:35 AM 9.125 47.550 0.005 13.140 43.535 0.005 23.645 33.030 0.000 34.150 22.525 -0.005 56.675 0.005 0.005
9/1195 11 :35 AM 9.125 47.538 0.017 13.140 43.523 0.017 23.640 33.023 0.007 34.147 22.516 0.004 56.663 0.017 0.017

9/20/95 1:25 PM 9.120 47.545 0.010 13.137 43.528 0.012 23.640 33.025 0.005 34.147 22.518 0.002 56.665 0.015 0.015
10/11/95 2:15 PM 9.125 47.535 0.020 13.140 43.520 0.020 23.640 33.020 0.010 34.145 22.515 0.005 56.660 0.020 0.020

11/3/95 8:50AM 9.115 47.550 0.005 13.130 43.535 0.005 23.633 33.032 -0.002 34.137 22.528 -0.008 56.665 0.015 0.015
11/22/95 9:00AM 9.115 47.536 0.017 13.130 43.523 0.017 23.630 33.023 0.007 - - - 56.653 0.027 0.027
12/20/95 9.110 47.535 0.020 13.120 43.525 0.015 23.625 33.020 0.010 34.237 22.408 0.112 56.645 0.035 0.035

1/11/96 9:00AM 9.110 47.535 0.020 13.120 43.525 0.015 23.623 33.022 0.008 34.133 22.512 0.008 56.645 0.035 0.035
218196 1:00 PM 9.110 47.525 0.030 13.123 43.512 0.028 23.623 33.012 0.018 34.133 22.502 0.018 56.635 0.045 0.045

2/29/96 1:00PM 9.109 47.531 0.024 13.120 43.520 0.020 23.624 33.016 0.014 34.130 22.510 0.010 56.640 0.040 0.040
3/28/96 12:50 PM 9.110 47.527 0.026 13.120 43.517 0.023 23.620 33.017 0.013 34.133 22.504 0.016 56.637 0.043 0.043
4/23/96 9:50AM 9.110 47.525 0.030 13.123 43.512 0.028 23.625 33.010 0.020 34.133 22.502 0.018 56.635 0.045 0.045
5/21/96 8:10 AM 9.110 47.500 0.055 13.115 43.495 0.045 23.615 32.995 0.035 34.120 22.490 0.030 56.610 0.070 0.070
6/11/96 2:00 PM 9.110 47.500 0.055 13.120 43.490 0.050 23.619 32.991 0.039 34.108 22.502 0.018 56.610 0.070 0.070

8/6/96 2:00 PM 9.110 47.487 0.068 13.120 43.477 0.063 23.623 32.974 0.056 34.117 22.480 0.040 56.597 0.083 0.083
10/31/96 1:25PM 9.105 47.480 0.075 13.110 43.475 0.065 23.616 32.969 0.061 34.105 22.480 0.040 56.585 0.095 0.095
12/16/96 11 :35 AM 9.100 47.493 0.062 13.107 43.486 0.054 23.615 32.978 0.052 34.100 22.493 0.027 56.593 0.087 0.087
2/27/97 11:50AM 9.103 47.482 0.073 13.105 43.480 0.060 23.610 32.975 0.055 34.100 22.485 0.035 56.585 0.095 0.095



ODOT US1n Approach Embankment Evaluation

Bridge A, South Abutment Wall (Unclassified 8orTow)

Piezometer:
Standpipe Elevation

"As Built • (Top=2.05 ft above GS)

GS Elevation
(Top of SUbgrade)

Tip Elevation

930.92'

888.92'

932.93'
(As Buitt)

931.93'
TAfter Paving)

Pavement Elevation 932.46'
(Top of Pavement)

Tip Depth 42.0'

Groundwater Depth = Piezometer Reading + 0.53'
(Below Top of Pavement)

(0.53' • 0If.~ standpipe and pevement)

Groundwater Elevation = Standpipe Elevation (931.931 - Piezometer Reading

Piezometer Data
Date Time Reading GW GW Remarks

Depth Elev.
ft ft ft

7/25/95 PM lnealled piezolileller

7/26195 1:30 PM 37.93 35.88 897.62 Initial reading by OSU

819195 11:35AM 33.63 31.58 901.92
9/1195 11:35 AM 38.78 36.73 896.77

9/20195 1:25PM 40.18 38.13 895.37
10111/95 2:15PM 40.64 38.59 894.91

11/3195 8:50AM 41.08 39.03 894.47
11/22195 9:00 AM 41.30 39.25 894.25
12120195 41.20 39.15 894.35 urve)'lld elevations established

1/11/96 9:00AM 41.12 39.07 894.43
216196 1:00 PM 41.17 39.12 894.38

2129196 1:00 PM 41.48 39.43 894.07
3/28196 12:50 PM 41.42 39.37 894.13
4123196 10:00 AM 41.60 39.55 893.95_ ......... - ............ __ ............ -.
5121/96 8:10AM 40.88 41.41 891.05 Uae new standpipe elev., changecJ reference for depth

6111196 2:00 PM 40.17 40.70 891.76 Hig IMlay opened to trII!Iic

816196 1:00PM 40.12 40.65 891.81
10131196 1:25PM 39.51 40.04 892.42
12116196 11:35 AM 38.85 39.38 893.09
2127/97 11:50 AM 36.69 37.22 895.24
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ODOT US1n Approach Embankment Evaluation

Bridge A, South Abutment Wall (Unclassified Borrow), Surface Setlement Points

"2127/1997

Date 6/12/96 816196 10/31196 2/28/97
Reading Elevation Readina Elevation Readina Elevation Readina Elevation

BM W 934.30 W 934.30 W 934.30 W 934.30
E E E E

BS 2.5 - 2.570 - 3.418 - 3.138 -
HI 936.80 - 936.87 - 937.72 - 937.438 -

FS 1 4.80 932.00 4.882 9311 .988 5.754 931.964 5.480 931.958
2 4.69 932.11 4.787 932.083 5.644 932.074 5.366 932.072
3 4.61 932.19 4.695 932.175 5.548 932.170 5.273 932.165
4 4.52 932.28 4.604 932.266 5.455 932.263 5.183 932.255
5 4.80 932.00 4.874 931.996 5.748 931.970 5.473 931.965
6 4.69 932.11 4.783 932.087 5.639 932.079 5.364 932074
7 4.61 932.19 4.690 932.180 5.542 932.176 5.278 932.160
8 4.53 932.27 4.614 932.256 5.469 932.249 5.200 932.238
9 4.79 932.01 4.866 932.004 5.739 931.979 5.463 931.975
10 4.68 932.12 4.775 932.095 5.632 932086 5.356 932.082
11 4.59 932.21 4.674 932.196 5.529 932.189 5.254 932.184
12 4.52 932.28 4.615 932.255 5,466 932.252 5.195 932.243
13 4.80 932.00 4.879 931.991 5.750 931.968 5.463 931.975
14 4.68 932.12 4.784 932.086 5.638 932.080 5.364 932.074
15 4.58 932.22 4.675 932.195 5.530 932.188 5.258 932.180
16 4.50 932.30 4.588 932.282 5.445 932.273 5.173 932.265

·Settlement Reading Point is missing.
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OOOT US1n Approach Embankment Evaluation

Bridge A, North Abubnent Wall (Control section-Unclassified Borrow)

Total Pressure Cells:
Tubing Date Test Pressures
Length Installed 5 psi so psi 100 psi

Top - SN 44201 34' 4/25/95 5.10 50.18 100.50
Middle - SN 44207 37' 4/25/95 5.37 50.41 100.51
Bottom - SN 44213 40' 4125/95 5.34 50.41 100.47

Date Time TPC Readings (psi) Remarks
Top Middle Bottom

wtflow w/ofto wlflow w/oflo wtnow w/o
0.0 0.0 0.0 No Backfill T=40 dellrees C

0.0 0.0 0.1 No Backfill T=50 degrees C

0.0 0.0 0.0 ,No Backfill T=60 degrees C

0.0 0.0 0.0 T=50 degrees C

0.1 0.0 0.7 0.4 1.3 1.5 T=60 dellrees C

0.1 0.0 0.4 0.0 0.8 0.7
0.2 0.1 1.7 1.6 1.3 1.2 Unclassified Booow Backfill Complete

0.4 0.2 1.3 1.2 1.2 1.1
0.3 0.1 1.5 1.4 1.3 1.2
0.2 0.0 1.6 1.5 1.5 1.4
1.0 0.9 1.7 1.7 2.1 2.0 . side f:A approach used lor access 10 bridgl

0.9 0.8 1.9 1.8 2.1 2.0
1.3 1.3 2.0 1.9 2.2 2.1
1.6 1.5 2.1 2.0 2.2 2.1
1.3 1.2 2.2 2.1 2.1 2.0
1.3 1.2 2.1 2.0 1.9 1.8
1.6 1.5 2.3 2.2 2.2 2.1
1.0 0.9 2.2 2.1 2.0 1.9 T = 21 degrees C

15 1.4 1.6 1.5 1.8 17 T = 34 dellrees C

0.7 0.5 2.2 2.1 1.9 1.8
0.7 0.6 1.8 1.8 1.8 1.7
0.5 0.4 1.6 1.5 1.5 1.4
0.6 0.5 1.4 1.3 1.5 1.4
11 1.0 1.1 1.0 1.4 1.3
1.1 1.0 2.0 1.9 1.5 1.4
1.1 1.0 1.8 1.7 15 1.4
11 1.0 2.1 2.0 1.5 1.4
1.9 1.8 2.3 2.2 1.8 1.7
2.1 2.0 1.6 1.5 1.4 1.3 Highway Opened \0 Traffic

2.4 2.3 1.9 1.8 1.1 1.0
1.6 1.4 2.0 1.9 0.6 0.5
1.1 1.0 1.8 1.7 0.4 0.3
1.3 1.2 1.6 1.5 0.3 0.2
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OOOT US177 Approach Embankment Evaluation

Bridge A, North Abutment Wall (Control section-Unclassified Borrow)

Amplified Liquid settlement Gages: As Built Elevation
Tubing Date Top of Top of
Length Installed Plate Fluid

Centerline - SN 44217 40' 4/28/95 914.21' 925.10'
Initial Head = 10.89'

Offset - SN 44223 30' 4128/95 914.12' 925.11'
Initial Head = 10.99'

Calibration for: Centerline Offset

Head(ft) =Reading - (-5.24 psi) Head(ft) =Reading - (-2.08 psi)
8.44 psi / ft 8.50 psi I ft

ALSG Readings, Heads, & ~H

Date Time CL OFS Remarks
Reading Head ~H Reading Head ~H

i ft ft i ft ft
4/28195 7:45AM 87.6 11.000 91.5 11.009 Rererence Reading (Datum)

4/28195 11:10AM 87.2 10.953 -0.047 91.5 11.009 0.000
4/28195 3:15PM 87.7 11.012 0.012 91.5 11.009 0.000

511/95 8:25AM 87.6 11.000 0.000 91.4 10.998 ~.011

5/10195 AM 87.7 11.012 0.012 91.7 11.033 0.024 Unc:. Borrow 8acldi1l compIelIl

5/12195 AM 88.2 11.071 0.071 91.5 11.009 0.000
5119/95 AM 87.9 11.036 0.036 91.4 10.998 ..Q.011
5/31/95 PM 88.5 11.107 0.107 91.6 11.021 0.012
6119195 AM 88.7 11.130 0.130 92.1 11.080 0.071
6128195 PM 88.9 11.154 0.154 92.1 11.080 0.071
7f7195 10:50 AM 88.8 11.142 0.142 91.8 11.045 0.036

7/14/95 10:05 AM 88.2 11.071 0.071 91.7 11.033 0.024 I

7126/95 12:40 PM 89.0 11.166 0.166 92.0 11.068 0.059
8/9/95 7:35AM 88.5 11.107 0.107 91.7 11.033 0.024
9/1/95 7:45AM 88.8 11.142 0.142 91.9 11.056 0.047

9120/95 2:25 PM 89.1 11.178 0.178 92.2 11.092 0.083 T =21 degrwaC

10/11195 3:15 PM 89.5 11.225 0.225 94.4 11.351 0.342
11/3195 9:45AM 89.4 11.213 0.213 92.5 11.127 0.118

11122195 10:00 AM 89.6 11.237 0.237 92.8 11.162 0.153
12120/95 10:30 AM 89.9 11.273 0.273 93.0 11.186 0.177

1/11/96 10:00 AM 90.3 11.320 0.320 93.1 11.198 0.189
218196 2:00PM 90.6 11.355 0.355 93.1 11.198 0.189

2129196 2:00 PM 90.0 11.284 0.284 93.0 11.186 0.177
3128196 1:00PM 90.1 11.296 0.296 93.1 11.198 0.189
4123196 9:00AM 90.0 11.284 0.284 93.2 11.209 0.200
5/21/96 8:30AM 89.8 11.261 0.261 93.0 11.186 0.177
6111/96 1:00 PM 90.0 11.284 0.284 93.1 11.198 0.189 Hig~yOpened tEl Traflic

816196 2:00 PM 89.8 11.261 0.261 92.8 11.162 0.153
10/31/96 12:45 PM 89.5 11.225 0.225 92.7 11.151 0.142
12116196 11:00 AM 90.2 11.308 0.308 93.5 11.245 0.236
2127/97 11:10AM 90.4 11.332 0.332 93.6 11.256 0.247
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OOOT U8177 Approach Embankment Evaluation

Bridge A, North Abutment Wall (Control Section-Unclassified Borrow)

Inclinometer Telescoping Couplings - Centerline: Installed 5/16195

Casing Elevation
(top=1.83' above GS)

927.41' 926.64'
As Buill tfler Paving

GS Elevation 925.58' Pavement Elevation 926.99'

Reference Coupling 53.74' II 871.84'
Depth Elevation

Bottom of Casing 55.34'

~

Readings, Ghanges, & AH Values
Date Time Level 1 (Top) Level 2 Level 3 Level 4 (Bottom) Remarks

Reading R4 - R1 AH Reading R4 • R2 AH Reading R4 • R3 AH Reading AR4 AH
R1 ft ft ft R2ft ft ft R3 ft ft ft R4 ft ft ft

6/1/95 PM 4.113 51.407 - 9.634 45.886 - 20.124 35.396 - 55.520 - - Omil this Data sel

6/19/95 PM 4.103 51.469 0.000 9.634 45.938 0.000 20.134 35.438 0.000 55.572 0.000 0.000 Reference Reeding (Datum)

6/28/95 PM 4115 51.375 0.094 9.630 45.860 0.078 20.125 35.365 0.073 55.400 0.082 0.082
mIss 10:50 AM 4.110 51.460 0009 9.635 45.935 0.003 20.125 35.445 -0.007 55.570 0.002 0.002

7/14/95 9:40 AM 4.110 51.380 0.089 9.640 45.850 0.088 20.130 35.360 0.078 55.490 0.082 0.082
7/26/95 1240 PM 4.105 51.455 0.015 9.633 45.927 0.Q11 20.125 35.435 0.003 55.560 0.012 0.012
8/9/95 7:55AM 4.110 51.450 0.019 9.635 45.925 0.Q13 20.125 35.435 0.003 55.560 0.012 0.012
9/1/95 7:45AM 4.105 51.245 0.224 9.640 45.710 0.228 20.230 35.120 0.318 55.350 0.222 0.222

9/20195 2:25PM 4.100 51.370 0.099 10.060 45.410 0528 20 127 35.343 0.095 55.470 0.102 0.102
10/11195 3:15PM 4.105 51.445 0.024 9.637 45.913 0.025 20.130 35.420 0.Q18 55.550 0.022 0.022

1113/95 9:45AM 4.097 51448 0021 9625 45.920 0.018 20.120 35.425 0.013 55.545 0.027 0.027
11/22/95 1000AM 4.100 51 .370 0.099 9.625 45.845 0.093 20.125 33.345 0.093 55.470 0.102 0.102
12/20195 1030AM 4.100 51370 0099 9.620 45.850 0.088 20.120 35.350 0.088 55.470 0102 0.102

1/11/96 10:00 AM 4.095 51 .372 0.097 9.627 45.840 0.098 20.117 35.350 0088 55467 0.105 0.105
2/8/96 2:00PM 4.100 51.367 0.102 9.630 45.837 0.101 20.120 35.347 0.091 55.467 0105 0.105

2129/96 200PM 4.094 51.446 0.023 9.629 45.911 0.027 20.119 35.421 0.017 55.540 0.032 0.032
3128/96 1:00PM 4.100 51.365 0.104 9.627 45.838 0.100 20.120 35.345 0.093 55.465 0.107 0107 (-0.29) for dilf. tiM cutoff
4/23/96 10:30 AM 4.095 51.365 0.104 9.625 45.835 0.103 20.113 35.347 0.091 ·~1:~·~·}~?··P:11? length and ext.

5/21/96 8.30 AM 4.385 51.360 0.109 9.913 45.832 0.106 20.410 35.335 0.103 55. 45 0.117 0.117 New reference (lop) uliing ext

6111/96 tOO PM 4.393 51.417 0.052 9.910 45.900 0.038 20.408 35.402 0.036 55.810 0.052 0.052 Highway opened to IraNic

8/6/96 200PM 4.394 51.416 0053 9915 45.895 0.043 20.407 35.403 0.035 55.810 0.052 0.052
10131/96 12:45 PM 4.385 51.345 0124 9.903 45.827 0.111 20.400 35.330 0.108 55.730 0.132 0.132
12116/96 11:ooAM 4.385 51.420 0049 9.905 45900 0.038 20.403 35.402 0.036 55.805 0.057 0.057
2127/97 11:10AM 4.390 51.410 0.059 9.903 45.897 0.041 20.403 35.397 0041 55800 0.062 0.062



ooor US177 Approach Embankment Evaluation

Bridge A, North Abutment Wall (Control Sectlon.Unclasslfled Borrow)

Inclinometer Telescoping Couplings - orrset: Installed 5/18/95

Casing ElevatIon
(top=1.95' above GS)

927.54' 926.52'
As Built ~fter Paving

GS Elevation 925.59' Pavement Elevation 926.69'

Reference Coupling 53.65' .. 871.94'
Depth Elevation

Bottom of Casing 55.22'

<0
-....I

Readings, Changes, & 6H Values
Date Time Level 1 (Top) Level 2 Level 3 Level 4 (Bottom) Remarks

Reading R4· R1 ~H Reading R4 • R2 6H Reading R4 • R3 ~H ReadIng 6R4 6H
R1. ft n n R2n n n R3 ft n n R4 n ft n

6/1/95 PM 5.103 50.437 - 10.582 44.958 - 21.051 34.489 - 55.540 - - Omit this Data set

6/19/95 PM 5103 50.500 0.000 10.582 45.021 0.000 21.051 34.552 0.000 55.603 0.000 0.000 Reference Reading (Datum)

6128/95 PM 5.100 50.495 0.005 10.580 45.015 0.006 21.050 34.545 0.007 55.595 0.008 0.008
7f7195 1050AM 5.105 50.495 0.005 10.585 45.015 0006 21.050 34.550 0.002 55.600 0.003 0.003

7/14/95 940AM 5.100 50.500 0.000 10.580 45.020 0.001 21.050 34.550 0.002 55.600 0.003 0.003
7/26/95 12:40 PM 5.105 50.490 0.010 10.583 45.012 0.009 21.050 34.545 0.007 55.595 0.008 0.008

819195 7:55AM 5.105 50.490 0.010 10.580 45.015 0.006 21.050 34.545 0.007 55.595 0.008 0.008
9/1/95 7.45 AM 5.105 50.490 0.010 10.583 45.012 0.009 21.047 34.548 0.004 55.595 0.008 0.008

9120/95 2:25 PM 5.103 50.420 0.080 10.577 44.946 0.075 21.045 34.478 0.074 55.523 O.oao 0.080
10/11195 315PM 5.107 50.483 0.017 10.580 45.010 0.011 21.047 34.543 0.009 55590 0.013 0.013

11/3/95 9'45AM 5095 50.488 0.012 10.573 45.010 0.011 21.040 34.543 0.009 55.583 0.020 0.020
11122195 10:00 AM 5095 50428 0.072 10.587 44.956 0.065 21.040 34.483 0.069 55.523 0.080 0.080
12120195 1030AM 5.125 50.485 0.015 10.595 45.015 0.006 21.065 34.545 0.007 55.610 0.007 -0.007

1/11/96 10.00 AM 5.095 50.428 0.072 10.563 44.960 0.061 21.033 34.490 0.062 55.523 0.080 0.080
2/8196 200PM 5.095 50.428 0.072 10.567 44.956 0.065 21 .035 34.488 0.064 55.523 O.oao 0.080

2129196 2.00 PM 5.095 50.425 0.075 10.563 44.957 0.064 21.030 34.490 0.062 55.520 0.083 0.083
3/28196 1:00PM 5.093 50.427 0.073 10.565 44.955 0.066 21.033 34.487 0.065 55.520 0083 ODa1 ~.16) fordiff. b.o'w cutoff
4123/96 10:30 AM 5.093 50.422 0.078 10.565 44.950 0.071 21.137 34,378 0.174 55.5 . 88 0.088 Ieflgth and ext.
5/21196 8:30AM 5.245 50.405 0.095 10.700 44950 0.071 21.165 34.485 0.067 '55.- .. , '0.113" 0.113" New rel.rence (top) using ext.

6/11196 100PM 5.254 50.288 0.212 10.600 4-4.942 0.079 21.064 34.478 0.074 55.542 0.221 0.221 Highway optlned 10 traffic

8/6/96 2.00 PM 5.267 50.283 0.217 10.607 44.943 0.078 21.075 34.475 0.077 55.550 0213 0.213
10131196 1245 PM 5250 50.345 0.155 10.588 45.007 0.014 21.056 34.539 0.013 55.595 0.168 0.168
12/16/96 11:ooAM 5,250 50.340 0.160 10.585 45.005 0.016 21.053 34.537 0.015 55.590 0.173 0.173
2127197 11·10AM 5250 50.345 0.155 10.585 45.010 0.011 21.050 34.545 0.007 55.595 0.168 0.168



ODOT US1n Approach Embankment Evaluation

Bridge A, North Abutment Wall (Control section-Unclassified Borrow)

Piezometer:
Standpipe Elevation 928.10' 926.65'

*As Built "(Top=2.44 fl above GS) (As Built) tAfler Paving)

GS Elevation 925.66' Pavement Elevation 926.99'
(Top of Subgrade) (Top of Pavement)

Tip Elevation 880.66' Tip Depth 45.0'

Groundwater Depth =Piezometer Reading + 0.34'
(Below Top of Pavement)

Groundwater Elevation =Standpipe Elevation (926.65') - Piezometer Reading

Piezometer Data
Date Time Reading GW GW Remarks

Depth Elev.
ft ft ft

5117195 PM IIllltaUed piemmetIIlr

5123195 AM 33.50 31.06 894.60 Initial reeding by OSU

5131195 AM 31.65 29.21 896.45
6119195 PM 29.60 27.16 898.50
6128195 PM 30.55 28.11 897.55

7f7195 10:25 AM 30.38 27.94 897.72
:

31.39 28.95 896.71711 9:40AM

7/26195 12:40 PM 31.90 29.46 896.20
819195 7:55AM 27.90 25.46 900.20
911195 7:45AM 31.80 29.36 896.30

9120195 2:25 PM 33.41 30.97 894.69
10111195 3:15 PM 33.96 31.52 894.14

1113195 9:45AM 34.52 32.08 893.58
11122J95 10:00 AM 34.72 32.28 893.38
12120195 10:30 AM 34.96 32.52 893.14

1/11 10:00 AM 35.09 32.65 893.01
2:00PM 35.33 32.89 892.77

2129/96 2:00PM 35.47 33.03 892.64
3128/96 1:00 PM 35.57 33.13 892.53
4123196 10:30 AM 35.73 33.29 892.37--- ................... -- .... _ .. - .... -
5121/96 8:30AM 34.51 34.85 892.14 Use new standpipe eIev., changed reference for depth

6111/96 1:00 PM 33.95 34.29 892.70 Highway opened to tnIffic

816196 2:00 PM 33.47 33.81 893.18
10131196 12:45 PM 33.18 33.52 893.48
12116196 11:00 32.75 33.09 893.90
2127/97 11:10AM 32.49 32.83 894.17
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OOOT US1n Approach Embankment Evaluation

Bridge A, North Abutment Wall (Control section-Unclasslfied Borrow), Surface Setaement Points

Date 6112/96 816196 10131196 2127197
Reading Elevation Readlna Elevation Rea41na Elevation Reading Elevation

8M W W W W
E 929.06 E 929.06 E 92906 E 929.06

as 2.42 - 2.730 - 3.448 - 3.252 -
HI 931.48 - 931.79 - 932.51 - 932312 -

FS 1 4.80 926.68 5.110 926.680 5.842 926.666 5.650 926.662
2 4.67 926.81 5.024 926.766 5.746 926.762 5.560 926.752
3 4.55 926.93 4.889 926.901 5.613 926.895 5.422 926.890.. 4.46 927.02 4.787 927.003 5.512 926.996 5.322 926.990
5 4.81 926.67 5.127 926663 5.860 926.648 5.665 926.647
6 4.70 926.78 5.053 926.737 5.778 926.730 5.590 926.722
7 4.59 926.89 4.923 926.867 5.644 926.864 5.452 926.860
8 4.50 926.98 4.835 926.955 5.556 926.952 5.364 926.948
9 4.83 926.65 5.147 926.643 5.878 926.630 5.702 926.610

10 4.72 926.76 5.058 926.732 5.785 926.723 5.590 926.722
11 4.60 926.88 4.930 926.860 5.655 926.853 5.464 926.848
12 4.50 926.98 4.820 926.970 5.543 926.965 5.354- 926,958
13 4.85 926.63 4.162 927.628 5.887 926.621 5.715 926.597

1" 4.73 926.75 5.073 926.717 5.796 926.712 5.605 926707
15 4.62 926.86 4.947 926.843 5.670 926.838 5.480 926.832
16 4.50 926.98 4.823 926.967 5.543 926.965 5.393 926.919
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ODOT US1n Approach Embankment Evaluation

Bridge B, South Abutment Wall (Geotextile Reinforced WaUl

Total Pressure cells:
Tubing Date Test Pressures
Length Installed 5 psi SO psi 100 psi

Top - SN 44197 34' 4/25/95 4.95 49.93 99.94
Middle - SN 44202 37' 4/25/95 5.06 5022 100.29
Bottom - SN 44212 40' 4/25195 5.43 5050 100.52

Date Time TPC Readings (psi) Remarks
Top Middle Bottom

wlflow w/o wlftow w/o fto willow w/o
0.1 0.0 0.1 0.0 0.5 0.3 ,Initial Readings by wee, T = 60 degrees C

0.3 0.2 0.4 0.3 2.1 2.0 During plcmt. ~ 4th Iift:, Mill aoo-oe lower TPC

0.5 0.4 1.8 1.7 4.5 4.4 Atter compaction of G.R. wall (i.e. 81lfts)

0.9 0.8 2.0 1.9 6.9 6.6
0.7 0.6 1.6 1.4 6.5 6.4
0.7 0.6 1.8 1.7 70 6.9
0.8 0.6 2.1 2.0 7,8 7.7
1.0 0.9 2.4 2.2 8.8 8.7
0.7 0.6 1.9 1.7 6.3 6.2
0.5 0.4 1.9 1.8 7.5 74
0.6 0.5 1.5 1.3 7.5 74 T = 21 degrees C

0.4 0.3 0.9 0.7 6.4 6.4 T = 32 degrees C

0.4 0.3 1.1 1.0 8.4 8.3
0.3 0.1 0.6 0.5 6.1 6.0
0.2 0.1' 0.4 0.3 5.9 5.8
0.1 0.0 0.3 0.2 4.1 4.0
0.1 0.0 0.1 0.0 3.6 3.5
0.4 0.3 0.6 0,5 6.5 6.4
0.2 0.1 0.4 0.3 5.6 5.5
0.4 0.3 0.7 0.6 5.8 5.7
0.4 0.2 0.4 0.3 5.4 5.3 Before FloodIng or Cardboard

0.5 0.4 0.6 0.5 3.6 3.5 After Flooding ~ cardboard

0.3 0.2 0.6 0.5 4.2 4.1
0.5 0.3 0.6 0.5 3.4 3.3 HIghway Opened to Tra!lic

0.4 0.2 0.6 0.4 4.4 4.2
0.3 0.1 0.6 0.5 4.1 4.0
0.2 0.0 0.5 0.4 2.6 2.5
0.2 0.0 0.5 0.4 1.7 1.6
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ODOT US1n Approach Embankment Evaluation

Brktge B, South Abutment Wall (GeoteXUIe Relnforc:ed Wall)

Amplified Liquid settlement Gages: As Built Elevation
Tubing Date Top of Topor
Length Installed Plate Fluid

Center1ine - SN 44215 40' 4125/95 912.95' 923.49'
Initial Head = 10.54'

Offset - SN 44220 30' 4125/95 912.94' 923.49'
10' wide Initial Head = 10.55'

Calibration for: Centerline Offset

Head(ft) =Reading - (-2.49 psi) Head(ft) =Reading - (-3.44 psi)
8.33 psi 1ft 8.40 psi 1ft

ALSG Readings, Heads, & llH
Date Time CL OFS Remarks

Reading Head llH Reading Head llH
ft ft ft ft

85.6 10.575 86.0 10.648 Initial Readings by wee, T =65 degrees C

86.0 10.623 0.048 86.4 10.695 0.047 During plcmt. ~ 4th lift, bw'Iill above lower TP(

86.4 10.671 0.096 86.6 10.719 0.071 After compaction of G. R. wall (i.e. 8 lifts)

86.7 10.707 0.132 86.7 10.731 0.083
86.7 10.707 0.132 86.6 10.743 0.095
66.6 10.695 0.120 86.6 10.719 0.071
86.5 10.683 0.108 86.4 10.695 0.047
66.5 10.683 0.108 66.5 10.707 0.059
86.4 10.671 0.096 86.4 10.695 0.047
66.3 10.569 0.006 86.3 10.683 0.035
86.7 10.707 0.132 66.5 10.707 0.059
87.1 10.755 0.180 87.0 10.767 0.119
66.6 10.719 0.144 66.7 10.731 0.083
87.3 10.779 0.204 87.1 10.779 0.131
87.3 10.779 0.204 87.2 10.790 0.142
87.6 10.815 0.240 87.6 10.838 0.190
88.0 10.863 0.288 87.7 10.850 0.202
87.9 10.851 0.276 87.0 10.767 0.119
87.7 10.827 0.252 87.4 10.814 0.166
87.8 10.839 0.264 86.9 10.757 0.109
87.2 10.767 0.192 86.5 10.707 0.059
87.6 10.815 0.240 87.2 10.790 0.142 Highway opened to tra1lic

87.0 10.743 0.168 86.9 10.757 0.109
87.0 10.743 0.168 87.1 10.779 0.131
87.8 10.839 0.264 87.7 10.850 0.202
87.6 10.839 0.264 87.8 10.862 0.214
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ODOT US177 Approach Embankment Evaluation

Bridge B, South Abutment Wall (Geotextlle Reinforced Wall)

Inclinometer Telescoping Couplings. Centerline: Installed 613195

~

o
C/o)

Casing Elevation 925.15' 924.66'
(top=2.0' above GS) As Built kfler Paving

GS Elevation 923.15' Pavement Elevation 924.98'

Reference Coupling 51.23' .871.92' Bottom of CasIng 53.22'
Depth Elevation

Readings, Chlnges, & AH Values
Date Time Level 1 (Top) Level 2 Level 3 Level 4 (Bottom) Remarks

Reading R4 - R1 6H Reading R4 - R2 6H Reading R4 - R3 M Reading 6R4 6H
R1 ft ft ft R2,ft ft ft R3 ft ft ft R4 ft ft ft

6/6195 PM 10.874 42.354 . 15.874 37.354 . 20.874 32.354 - 53.228 - - Omn this Data Sill

6/19/95 AM 10.874 42.427 0.000 15.900 37.401 0.000 20.895 32.406 0.000 53.301 0.000 0.000 Reference Reading (Datum)

6/28195 PM 10.880 42.390 0.037 15.870 37.400 0.001 20.865 32.405 0.001 53.270 0.031 0.031
7f7195 11:45AM 10.880 42.390 0.037 15.875 37.395 0.006 20.870 32.400 0.006 53.270 0.031 0.031

7/14195 11:10AM 10.885 42.390 0.037 15.880 37.395 0.006 20.870 32.405 0.001 53.275 0.026 0.026
7/26195 10:45 AM 10.880 42.335 0.092 15.870 37345 0.056 20.865 32.350 0056 53.215 0.086 0086

8/9195 8:40AM 10.883 42.392 0.035 15.875 37.400 0.001 20.870 32.405 0.001 53.275 0.026 0.026
9/1195 8:30AM 10.883 42.390 0.037 15.873 37.400 0.001 20.867 32.406 0.000 53.273 0.028 0.028

9/20195 3:35 PM 10.880 42.327 0.100 15.870 37.337 0.064 20.863 32.344 0.062 53.207 0.094 0.094
10/11195 3:55PM 10.883 42.384 0.043 15.873 37.394 0.007 20.865 32.402 0.004 53.267 0.034 0.034

11/3/95 11:ooAM 10.870 42.335 0.092 15.865 37.340 0.061 20.855 32.350 0.056 53.205 0.096 0.096
11/22/95 11:ooAM 10.870 42.387 0.040 15.865 37.392 0.009 20.857 32.400 0.006 53.257 0.044 0.044
12/20195 11:30AM 10.865 42.390 0.037 15.857 37.398 0.003 20.855 32.400 0.006 53.255 0.046 0.046

1/11/96 12.00 PM 10.865 42.338 0.089 15.860 37.343 0.058 20.853 32.350 0.056 53203 0.098 0.098
2/8/96 3:00 PM 10.865 42.332 0.095 15.857 37340 0.061 20.853 32.344 0.062 53.197 0.104 0.104

2/29/96 3:00 PM 10.868 42.337 0.090 15.855 37.350 0.051 20.855 32.350 0.056 53.205 0.096 0.096
3128/96 2:00PM 10.870 42.330 0.097 15.857 37.343 0,058 20.853 32,347 0.059 53.200 0.101 0.101 (.(),OJj (or diff. bIw cutoff

4123/96 11:30 AM 10.863 42384 0.043 15.855 37.392 0.009 20.850 32.397 0.009
~;:~·~:~··g·:m·

length and ext.
5/21/96 9:00AM 10.900 42.325 0.102 15893 37332 0.069 . - - New reference (lop) using ext

6/11/96 12:30 PM 10.905 42.375 0.052 15.895 37.385 0.016 20,887 32.393 0.013 53.280 0.051 0.051 Highway opened to IJaNlc

8/6/96 AM 10.908 42.37 0.055 15897 37.383 0.018 20890 32,390 0,016 53.280 0,051 0.051
10131/96 10:50 AM 10.905 42.370 0057 15.895 37.380 0.021 20.890 32.385 0.021 53.275 0.056 0.056
12/16/96 10.20 AM 10.905 42.370 0.057 15.893 37.382 0.019 20.885 32390 0.016 53275 0.056 0.056
2/27197 10:40AM 10.920 42.370 0.057 15.907 37.383 0.018 20.900 32.390 0.016 53.290 0.041 0.041



ODOT USi77 Approach Embankment Evaluation

Brldge B, South Abutment Wall (Geotextlle Reinforced Wall)

Inclinometer Telescoping Couplings. Offset: Installed 6/5195

Casing Elevation
(top=2.0' above GS)

925.08' 924.53'
As Built 'fter Paving

GS Elevation 923.08' Pavement Elevation 924.98'

Reference Coupling 51.29' • 871.7g
Depth Elevation

Bottom of Casing 53.25'

.....
o
~

Readings, C.hanges, & ..... H Values
Date Time Level 1 (Top) Level 2 Level 3 Level 4 (Bottom) Remarks

Reading R4 - R1 .....H Reading R4 • R2 ..... H Reading R4 - R3 .....H Reading ..... R4 .....H
Ri.n n n un n n R3 n n n R4 n n n

6/6195 PM 10.884 42.406 - 15.895 37.395 - 20.884 32.406 - 53.290 - - Omit this Dala set

6/19195 AM 10.884 42.396 0.000 15.874 37.406 0.000 20.874 32.406 0.000 53.260 0.000 0.000 Reference Reading (Datum)

6/28195 PM 10.995 42.405 -0.009 15.975 37.425 -0.019 20.960 32.440 -0.034 53.400 0.120 -0.120
7f7195 11:45AM 10.875 42.420 -0.024 15.900 37.395 0.011 20.890 32.405 0.001 53.295 0.015 -0.195

7/14195 1110AM 10.860 42.600 -0204 15.967 37.513 -0.107 20.958 32.522 -0.116 53.460 0200 -0200 (1) data
7/26195 1045AM 10.880 42.375 0.021 15.900 37.355 0.051 20.890 32365 0041 53255 0.025 0.025
819/95 840AM 10.883 42.422 -0.026 15.903 37.402 0.004 20.895 32.410 -0.004 53.305 0.025 -0.025
9/1/95 8:30AM 10.885 42.415 -0.019 15.905 37.395 0.011 20893 32.407 -0.001 53.300 0.020 -0.020

9120195 3:35 PM 10.877 42.413 -0.017 15900 37390 0.016 20.890 32.400 0.006 53.290 0.010 -0.010
10/11195 3:55 PM 10.880 42.420 -0.024 15.905 37.395 0011 20.893 32.407 -0.001 53.300 0.020 -0.020

11/3195 1100AM 10.873 42.412 -0016 15895 37390 0.016 20.883 32.402 0.004 53.285 0.005 -0005
11122/95 11 00 AM 10.867 42.418 -0.022 15893 37.392 0.014 20.833 32.452 -0.046 53.285 0.005 -0.005
12120195 11:3OAM 10.860 42.420 -0.024 15.885 37395 0.011 20.877 32.403 0.003 53.260 0.000 0.000

1/11/96 12:00 PM 10.863 42.417 -0.021 15.885 37395 0.011 20.675 32.405 0.001 53.260 0.000 0.000
2/8196 3:00 PM 10.860 42.415 -0.019 15.880 37.395 0.011 20.675 32.400 0.006 53.275 0.005 0.005

2/29/96 3:00 PM 10.865 42.417 -0.021 15.887 37.395 0.011 20.879 32403 0.003 53.282 0.002 -0.002
3128/96 200PM 10.865 42.415 -0.019 15.890 37.390 0.016 20.877 32.403 0.003 53.260 0.000 0.000 (-0. 10) for ditto blw cutolf

4123/96 11 00 AM 10.870 42.367 0.029 15.890 37.347 0059 20.880 32.357 0.049 53.2 . -0.006 length and ext.
5121/96 9:00AM 10.970 42.217 0.179 15657 37.330 0.076 . - - 53.1 i" 0.193"" 0.193" New re'erenee (lop) using flltl.

6111/96 12:30 PM 10.977 42.265 0.131 15.864 37378 0.028 20.852 32.390 0.016 53.242 0138 0.138 Highway opened to traffic

816/96 AM 10.982 42.270 0.126 15.872 37.360 0.026 20.863 32.389 0017 53.252 0.128 0.128
10131196 10:50AM 10970 42272 0.124 15864 37.378 0.028 20.852 32.390 0.016 53.242 0.138 0.138
12/16/96 10'20AM 10.967 42.228 0.168 15.857 37.338 0.068 20.847 32.348 0.058 53.195 0.085 0.085
2/27197 10.40 AM 10963 42.270 0.126 15.855 37378 0.028 20.843 32.390 0.016 53.233 0147 0147



ODOT US171 Approach Embankment Evaluation

Bridge B, South Abutment Wall (Geotextile Reinforcec:l Wall)

Piezometer:
Standpipe Elevation 925.13' 924.66'

·As Built .(Top=1.90 tt above GS) (As Built) tAtter Paving)

GS Elevation 923.23' Pavement Elevation 924.98'
(Top of Subgrade) (Top of Pavement)

Ti'p Elevation 878.23' Tip Depth 45.0'

Groundwater Depth =Piezometer Reading - 0.32'
(Below Top of Pavement)

Groundwater Elevation =Standpipe Elevation (924.66') - Piezometer Reading

Piezometer Data
Date Time Reading GW GW Remarks

Depth Elev.
ft ft ft

6/3195 PM Installed piezometer

6/5195 AM 23.60 21.70 901.53 Initial reading by OSU

6/19/95 AM 26.55 24.65 898.58
6/28/95 AM 26.74 24.84 898.39
7f7195 11:30 AM 26.60 24.70 898.53

7/14/95 9:40AM 26.89 24.99 898.24
7/26195 10:45 AM 27.55 25.65 897.58
8/9195 8:40AM 24.30 22.40 900..83
9/1195 8:30AM 26.65 24.75 898.48

9/20195 3:35PM 28.11 26.21 897.02
10/11/95 3:55PM 28.85 26.95 896.29

11/3195 11:ooAM 29.54 27.64 895.59
11/22195 11:00 AM 29.92 28.02 895.21
12120195 11:30 AM 30.40 28.50 894.73

1/11/96 12:00 PM 30.63 28.73 894.50
218/96 3:00PM 30.97 29.07 894.16

2129/96 3:00PM 31.17 29.27 893.96
3128/96 2:00PM 31.39 29.49 893.74
4/23196 11:30 AM 34.61 32.71 890.52...... - .......... - ........ - .............. - ....
5121/96 9:00AM 31.31 30.99 893.35 Use newslandpipeelev" changed reference for depth

6111196 12:30 PM 31.11 30.79 893.55 Highway opened Ix:> traffic

8/6196 AM 31.05 30.73 893.61
10131/96 10:50 AM 30.58 30.26 894.08
12116196 10:20 AM 30.06 29.74 894.60
2127/97· 10:40 AM 31.70 31.38 892.96
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ODOT US1n Approach Embankment Evaluation

Bridge B, South Abutment Wall (Geotextlle Reinforced Wall), Surface settlement Points

Date 6/12196 816196 10/31196 2128197
Reading Elevation Reading Elevation ReadIna Elevation Readlna Elevation

BM W 927.16 W 927.16 W 92716 W 92716
E E E 927.17 E

BS 2.42 - 2.878 - 3.215 - 3.138 -
HI 929.58 - 930.038 - 930.38 - 930.298 -

FS 1 4.73 924.85 5.198 924.840 5.560 924.815 5.487 924.811
2 4.65 924.93 5.145 924.893 5.488 924.887 5.416 924.882
3 4.57 925.01 5.048 924.990 5.395 924.980 5.324 924.974
4 4.47 925.11 4.944 925.094 5.283 925.092 5.210 925.088
5 4.78 924.80 5.240 924.798 5.600 924.775 5.527 924.771
6 4.68 924.90 5.180 924.858 5.520 924.855 5.447 924.851
7 4.58 925.00 5.063 924.975 5.408 924.967 5.337 924.961
8 4.51 925.07 4.992 925.046 5.330 925.045 5.257 925.041
9 4.78 924.80 5.262 924.776 5.608 924.767 5.537 924.761
10 4.69 924.89 5.196 924.842 5.536 924.839 5.464 924.834
11 4.58 925.00 5.074 924.964 5.420 924.955 5.348 924.950
12 4.54 925.04 5.047 924.991 5.381 924.994 5.309 924.989
13 4.77 924.81 5.245 924.793 5.606 924.769 5.531 924.767
14 4.70 924.88 5.208 924.830 5.547 924.828 5.476 924.822
15 4.60 924.98 5.097 924.941 5.442 924.933 5.368 924.930
16 4.55 925.03 5.025 925.013 5.368 925.007 5.321 924.977

·Settlement Reading Point is missing.
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OOOT US177 Approach Embankment EvalUation

Bridge B, North Abutment Wall (Controlled Low Strength Backftll)

Total Pressure Cells:
TUbing Date Test Pressures
Length Installed 5 psi so psi 100 psi

Top - SN 44198 34' 4127/95 4.95 49.96 100.00
Middle - SN 44204 37' 4127/95 5.14 49.90 100.02
Bottom - SN 44208 40' 4127/95 4.60 50.20 100.42

Date TIme TPC Readings (psi) Remarks
Top Middle Bottom

w1flow w/ofto wfftow wlo wlftow wlo
0.3 0 0.1 0 0.1 0 Initial Readings by wee, no backfill

1:30 0.0 0 0.9 0.8 1.7 1.5 ller placement or - 1/2 Clse

4:00 1.4 1.0 2.8 2.7 2.4 2.2 After placement of all Clsa

9:20 0.5 0.2 0.4 0.3 2 1.8 4 days alIer ClSe pour

0.4 0.2 0.5 0.5 1.7 1.6
0.5 0.2 0.3 0.2 0.7 0.6
0.3 0.0 0.4 0.2 0.6 0.4

12:35 0.6 0.3 0.4 0.2 0.5 0.4
1:25 0.7 0.4 0.1 0.0 0.4 0.3

10:00 0.6 0.3 0.1 0.0 0.5 0.3
9:15 0.4 0.1 0.1 0.0 0.5 0.3
9:10 0.5 0.1 0.5 0.3 0.4 0.2

12:10 0.3 0.0 0.3 0.2 0.7 0.5 T =13 degrees C

2:35 0.4 0.0 0.0 0.0 0.7 0.6
1:20 0.5 0.1 0.3 0.2 0.9 0.8

12:00 0.5 0.1 0.1 0.0 0.8 0.7
12:00 0.5 0.0 0.0 0.0 0.7 0.5
2:00 0.4 0.2 0.1 0.0 0.5 0.4
4:00 0.2 0.0 00 0.0 0.4 0.3
4:00 0.4 0.3 0.1 0.0 0.7 0.6
2:15 0.4 0.3 0.1 0.0 0.7 0.6

12:00 0.4 0.1 0.3 0.2 0.6 0.5
9:30 0.1 0.0 0.2 0.1 0.6 0.5

11:30 0.3 0.1 0.4 0.3 1.1 1.0 Highway Opened to Tralllc

0.4 0.0 0.5 0.4 1.0 0.8
10:15 0.4 0.0 0.3 0.2 1.1 1.0

9:50 0.5 0.1 0.1 0.0 1.0 0.9
9:50 0.5 0.0 0.1 0.0 0.8 0.7
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OOOT US1n Approach Embankment Evaluation

Bridge B, North Abutment Wall (Controlled Low Strengltl Backfill)

Amplified Liquid Setltement Gages: As Built Elevation
Tubing Date Top of Top of
Lengltl Installed Plate Fluid

Centerline - SN 44216 40' 4128195 911.14' 921.73'
Initial Head = 10.59'

OtTset - SN 44219 30' 4128195 911.15' 921.67'
10' wide Initial Head = 10.52'

Calibration for: Centerline Offset

Head(ft) =Readin9 - (-4.33 psi) Head(ft) =Reading - (-6.445 psi)
8.35 psi 1ft 8.395 psi 1ft

ALSG Readings, Heads, & tlH
Date Time CL OFS Remarks

Reading Head tlH Reading Head ~H

i ft ft i ft ft
5/5195 84.4 10.626 84.4 10.821 Initial Readings by wee, no baclcfill (datum)

5/12195 1:30 PM 85.2 10.722 0.096 84.3 10.809 -0.012 Aller placementaf - 1/2 eLSe

5/12195 4:00 PM 85.4 10.746 0.120 84.3 10.809 -0.012 placement of all CLSe

5/16195 9:20AM 85.5 10.758 0.132 84.3 10.809 -0.012 4 days aftBr CLSe poor

5/31195 AM 85.6 10.770 0.144 84.4 10.821 0.000
6/16195 PM 85.6 10.770 0.144 84.5 10.833 0.012
6128195 PM 85.6 10.770 0.144 84.5 10.833 0.012
7"195 12:35 PM 85.5 10.758 0.032 84.5 10.833 0.012

7/14195 1:25 PM 85.7 10.782 0.156 84.5 10.833 0.012
7126195 10:00 AM 85.7 10.782 0.156 84.5 10.833 0.012

819195 9:15AM 86.0 10.818 0.192 84.5 10.833 0.012
9/1195 9:10 85.9 10.806 0.180 84.4 10.821 O.OOJ

9/22/95 12:10 PM 86.2 10.842 0.216 84.6 10.845 0.024
10/12195 2:35 PM 84.0 10.578 0.048 84.4 10.821 O.OOJ

1113195 1:20 P 86.0 10.818 0.192 84.8 10.869 0.048
11122195 12:00 86.5 10.878 0.252 85.0 10.893 0.072
12120195 12:00 PM 86.6 10.890 0.264 85.2 10.917 0.096

1/11196 2:00 PM 87.0 10.938 0.312 85.4 10.940 0.199
218196 4;00 PM 86.9 10.926 0.300 85.3 10.929 0.108

2129196 4:00 PM 86.7 10.902 0.276 85.2 10.917 0.096
3128196 2:15 PM 86.8 10.914 0.288 85.1 10.905 0.084
4123196 12:00 PM 87.1 10.950 0.324 85.0 10.893 0.072
5121196 9:30AM 86.2 10.842 0.216 84.6 10.845 0.024
6/11196 11:30 AM 86.9 10.926 0.300 85.2 10.917 0.096 H'llhway opened to1nl1fic

816196 AM 86.2 10.842 0.216 84.7 10.857 0.036
10131196 10:15 AM 86.4 10866 0.240 84.6 10.845 0.024
12116196 9:50AM 87.2 10.962 0.336 85.5 10.952 0.131

2127/97 9:50AM 87.3 10.974 0.348 85.6 10.964 0.143
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ODOT US177 Approach Embankment Evaluation

Bridge B, North Abutment Wall (Controlled Low Strength Backfill)

Inclinometer Telescoping Couplings. Centerline: Installed 5/22/95

Casing Elevation 923.84' 922.87'
(top=1.97' above GS) As Built ~fter Paving

GS ElevatIon 921.87' Pavement ElevatIon 923.19'

Reference Coupling 48.95' .. 872.93' Bottom of Casing 51.07'
Depth Elevation

Readings, Changes, & 6.H Values
Date Time Level 1 (Top) Level 2 Level 3 Level 4 (Bottom) Remarks

Reading R4 • R1 6.H Reading R4 - R2 6.H Reading R4 • R3 6.H ReadIng 6.R4 6.H
R1 ft ft ft R2ft ft ft R3 ft ft ft R4 ft ft ft

611195 PM 10.863 40.052 0.000 15.780 35.135 0.000 20.822 30.093 0.000 50.915 0.000 Reference Reading (Datum)

6/16/95 AM 10.874 40.802 - 15.895 35.781 - 20.936 30.740 - 51.676 - . Omit this Data set

6128195 AM 10.870 ·iO.055 ·0.003 15.885 35.040 0.095 20.825 30.100 -0.007 50.925 0.010 -0.D1 0
717195 12:35 PM 11.270 40.030 0.022 16.215 35.085 0.050 21.260 30.040 0.053 51.300 0.385 -0.385

7/14/95 1:25PM 10.770 40.170 -0.118 15.785 35.155 -0.020 20.850 30.090 0.003 50.940 0.025 -0.025
7/26195 10:00 AM 10.770 40.155 -0.103 15.780 35.145 -0.010 20.630 30.095 -0.002 50.925 0.010 -0.010

819/95 9:15AM 10.765 40.160 -0.108 15.780 35.145 -0.010 20.830 30.095 -0.002 50.925 0.010 -0.010
9/1/95 9:10AM 10.767 40.160 -0.108 15.785 35.142 -0.007 20.835 30.092 0.001 50.927 0.012 -0.012

9122195 1210PM 10.762 40.095 -0.043 15.780 35.077 0.058 20.825 30.032 0.061 50.857 0.058 0.058
10112/95 2:35PM 10.767 40.100 -0.048 15.783 35.084 0.051 20.833 30.034 0.059 50.867 0.048 0.048

1113/95 1:20PM 10.755 40.160 -0.108 15.770 35.145 -0.010 20.820 30.095 -0.002 50.915 0.000 0.000
11122195 12:00 PM 10.753 40.097 -0.045 15.775 35.075 0.060 20.823 30.027 0.066 50.850 0.065 0.065
12120/95 12:00 PM 10.750 40.160 -0.108 15.770 35.140 -0005 20.817 30.093 0.000 50.910 0.005 0.005

1/11/96 2:00PM 10.747 40.166 -0.114 15.767 35.146 -0.011 20.817 30.096 -0.003 50.913 0.002 0.002
2/8/96 4:00PM 10.747 40.106 -0.054 15.763 35.090 0.045 20.813 30.040 0.053 50.853 0.062 0.062

2129/96 4:00PM 10.749 40.164 -0.112 15.764 35.149 -0.014 20.813 30.100 -0.007 50.913 0.002 0.002
3128196 2:15PM 10.750 40.160 -0.108 15.765 35.145 -0.010 20.815 30.095 -0.002 50.910 0.005 n rYl'; (4)04) for diff. bIw cutoff

4123196 12:00 PM 10.750 40.100 -0.048 15.767 35.083 0.052 20.815 30.035 0.058 50.n~~ v:065 0.065 length and ext

10.825 40.100 -0048 15.840 35.085 0.050 20.890 30.035 0.058
-_.:~ ..............

5121196 930AM 50.9 5 0.030 -0.030 New reference (lop) using ext

6/11/96 11:30AM 10.800 39.988 0.064 15.798 34.990 0.145 20.851 29.937 0.156 50.788 0.167 0.167 Highway opened 10 traffic

8/6196 AM 10.803 40.14 -0.085 15.803 35137 -0002 20.850 30.090 0.003 50.940 0.015 0.015
10131196 1015AM 10.798 40.142 -0.090 15.795 35.145 -0.010 20.848 30.092 0.001 50.940 0.015 0.015
12/16196 9:50AM 10.790 40.150 -0.098 15.793 35.147 -0.012 20.843 30.097 -0.004 50.940 0.015 0.015
2127/97 950AM 10.790 40.090 -0.038 15.795 35.085 0.050 20.845 30.035 0.058 50.880 0.075 0.075



OooT US177 Approach Embankment Evaluation

Bridge B. North Abutment Wall (Controlled Low Strength Backftll)

Inclinometer Telescoping Couplings· Offset: Installed 5/24/95

Casing Elevation
(top=2.0' above GS)

923.84' 922.56'
As Built .tner Paving

GS Elevation 921.84' Pavement Elevation 923.19'

Reference Coupling 49.05' It 872.79'
Depth Elevation

BoUom of Casing 51.17'

Readings, c,hanges, & ~H Values
Date Time Level 1 (Top) Level 2 Level 3 Level 4 (BoUom) Remarks

Reading Rot • R1 ~H Reading Rot • R2 ~H Reading R4 • R3 ~H Reading ~R4 ~H

R1 It It It R21t It It R3 It It It R4 It It It
611/95 PM 10.593 40.458 - 15.62435427 - 20.478 30.573 - 51.051 - . Omillhis Data set

6116/95 AM 10.488 40.521 0.000 15.530 35.479 0.000 20.488 30.521 0.000 51.009 0.000 0000 Reference Reading (Datum)

6/28/95 PM 10.490 40.520 0.001 15.525 35.485 -0.006 20.480 30.530 -0.009 51.010 0.001 -0.001
7f7/95 12'35 PM 10.490 40.510 0.011 15.525 35.475 0.004 20.480 30.520 0.001 51000 0.009 0.009

7/14/95 1:25PM 10.495 40.565 -0.044 15.525 35.535 -0.056 20.490 30.570 -0.049 51.060 0.051 -0.051
7/26/95 10:00 AM 10.490 40.565 -0044 15.630 35.425 0.054 20.480 30.575 -0.054 51055 0.046 -0.046

819/95 9.15AM 10.490 40.520 0.001 15.527 35.483 -0.004 20.490 30.520 0.001 51.010 0.001 -0.001
9/1/95 9:10AM 10.490 40.520 0.001 15.530 35.480 -0.001 20.485 30.525 -0.004 51.010 0.001 -0.001

9/22/95 12:10PM 10.485 40.515 0.006 15.520 35.480 -0.001 20.480 30.520 0.001 51.000 0.009 0.009
10/12/95 2:35 PM 10.487 40.568 -0.047 15.523 35.532 -0.053 20.485 30.570 -0.049 51.055 0.046 -0.046
1113/95 1:20 PM 10.480 40.570 -0.049 15.517 35.533 -0.054 20.475 30.575 -0.054 51.050 0.041 -0.041

11/22/95 1200PM 10.480 40.520 0.001 15.513 35.487 -0.008 20.487 30.513 0.008 51.000 0.009 0.009
12/20/95 1200 PM 10475 40.570 -0.049 15505 35540 -0061 20.467 30.578 -0.057 51045 0.036 -0.036
1/11196 2:00 PM 10.470 40.527 -0.006 15.610 35387 0.092 20.465 30.532 -0.011 50.997 0.012 0.012

2/8196 400PM 10.487 40.570 -004·9 15520 35537 -0.058 20.480 30.577 -0.056 51.057 0.048 -0.048
2/29/96 4:00 PM 10.483 40.516 0.005 15.505 35.494 -0.015 20.465 30.534 -0.013 50.999 0.010 0.010
3/28/96 2:15PM 10.473 40.517 0.004 15.510 35.480 -0.001 20.469 30.521 0.000 50.990 0.019 nn1Q (.().05) for diff. bIw cutoff
4/23/96 12:00 PM 10.475 40.515 0.006 15.507 35.483 -0.004 20.573 30.417 0.104 50. .019 0.019 length and ext.

5/21/96 9:30AM 10.525 40.315 0.206 15.380 35.460 0.019 20.355 30.485 0.036 50.840" '0.219" 0.219' N_ referenee (top) uling ext
6/11/96 11:3OAt.4 10.531 40.237 0.284 15.490 35.278 0201 20.196 30.572 -0.051 50.768 0291 0.291 Highway opened to lreHic

6/6/96 AM 10533 40.24 0.284 15.393 35.377 0102 20205 30.565 -0.044 50.770 0.289 0.289
10131196 1015AM 10.637 40.105 0.416 15.491 35.251 0.228 20.306 30.436 0.085 50.742 0317 0.317
12/16/96 9:50AM 10.520 40.247 0274 15.380 35.387 0.092 20 195 30.572 -0.051 50.767 0.292 0.292
2/27/97 9.50 AM 10.525 40250 0.271 15.385 35.390 0.089 20.195 30.580 -0.059 50.775 0284 0.284

..........
~



ODOT US1 n Approach Embankment Evaluation

Bridge B, North Abutment Wall (Controlled Low Strength Backfill)

Piezometer:
Standpipe Elevation 924.55' • 922.88'

·As Built "(Top=2.72 ft above GS) (As Built) (After Paving)

GS Elevation 921.83' Pavement Elevation 923.19'
(Top of Subgrade) (Top of Pavement)

Tip Elevation 875.83' Tip Depth 46.0'

Groundwater Depth =Piezometer Reading - 0.31'
(Below Top of Pavement)

Groundwater Elevation =Standpipe Elevation (922.881 - Piezometer Reading

Piezometer Data
Date Time Reading GW GW Remarks

Depth Elev.
ft ft ft

5/24/95 PM 11ltIta11ed piezometer

6/1/ PM 29.13 26.41 895.42 nilial reading by OSU

6/2/95 PM 29.00 26.28 895.55
6/16/95 IW. 26.15 23.43 898.40
6/28195 ItJA 25.62 22.90 898.93

7f7195 12:35 PM 25.48 22.76 899.07
7/14/95 1:25PM 25.50 22.78 899.05
7126/95 10:00 IW. 26.00 23.28 898.55

819195 9:151W. 23.40 20.68 901.15
9/1/95 9:10AM 23.96 21.24 900.59

9/22195 12:10 PM 26.20 23.48 898.35
10112195 2:35 PM 26.93 24.21 897.62

11/3/95 1:20 PM 27.63 24.91 896.92
11/22195 12:00 PM 28.12 25.40 896.43
12120/95 12:00 PM 28.69 25.97 895.86

1/11/96 2:00 PM 29.01 26.29 895.54
218196 4:00PM 29.40 26.68 895.15

2129/96 4:00 PM 29.61 26.89 894.94
3/28196 2:15 PM 29.88 27.16 894.67
4/23/96 12:00 PM 30.12 27.40 894.43- ....... ---_ ..... __ .. - .......... _-
5/21/96 9:30 IW. 28.66 28.35 894.22 Use new standpipe eleY., changed reference for depth

6/11/96 11:30 I>Nl 28.63 28.32 894.25 Highway opened to tratIic

816/96 />oN. 28.76 28.45 894.12
10/31/96 10:15/>oN. 28.33 28.02 894.55
12/16/96 9:50 I'NI 27.77 27.46 895.11
2127/97 9:50 I'NI 28.00 27.69 894.88

112



ODOT US1n Approach Embankment Evaluation

Bridge B, North Abutment Wall (Controlled low Strength Backftll), Surface setUement Points

Date 6/12196 816196 10131196 2/28197
Readlna Elevation ReadIna Elevation Readlna Etevatlon Readlna Elevation

BM W 925.26 W 925.26 W 925.26 W 925.26
E E E 925.26 E

BS 0.75 - 2.734 - 3.238 - 3.114 -

HI 926.01 - 927.994 - 928.498 - 928.374 -

FS 1 3.05 922.96 5.033 922.961 5.554 922.944 5.428 922.946
2 2.97 92304 4.982 923.012 5.487 923.011 5.364 923.01
3 2.89 923.12 4.888 923.106 5.397 923.101 5.273 923.101
4 2.82 923.19 4.814 923.180 5.322 923.176 5.220 923.154
5 3.12 922.89 5.089 922.905 5.606 922.892 5.483 922.891
6 3.03 922.98 5.045 922.949 5.554 922.944 5.430 922.944
7 2.94 923.07 4.933 923.061 5.444 923.054 5.322 923.052
8 2.88 923.13 4.882 923.112 5.390 923.108 5.267 923.107
9 3.14 922.87 5.126 922.868 5.642 922.856 5.518 922.856
10 3.05 922.96 5.062 922.932 5.569 922.929 5.446 922.928
11 2.96 923.05 4.963 923.031 5.472 923.026 5.349 923.025
12 2.89 923.12 4.895 923.099 5.400 923.098 5.293 923.081
13 3.14 922.87 5.132 922.862 5.643 922.855 5.520 922.854
14 3.06 922.95 5.074 922.920 5.585 922.913 5.465 922.909
15 2.98 923.03 4.977 923.017 5.485 923.013 5.363 923.011
16 2.90 923.11 4.892 923.102 5.398 923.100 5.277 923.097

·Settlement Reading Point is missing.
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C1 Instrumentation Data
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OOOT US1n Approach Embankment Evaluation

Bridge C. South Abutment Wall (Dynamic Compaction of Granular Backftll)

Total Pressure Cells:
Tubing Date Test Pressures
Length Installed 5 psi 50 psi 100 psi

Top. SN 44199 34' 5/1/95 4.62 49.64 99.55
Middle - SN 44206 37' 5/1/95 5.00 5000 100.10
Bottom - SN 44209 40' 511/95 4.90 49.90 100.04

Date Time TPC Readings (psI) Remarks
Top Middle Bottom

wtnow w/o wlftow w/o flo wIlloW w/o
0.0 0.0 0.1 0.0 0.1 0.0 Initial Readings by wee, no b8cl(fill

0.0 0.0 0.0 0.0 0.5 0.4 Aller placing 1st lift, before dyn. compaction

0.0 0.0 0.0 0.0 0.8 After 1sllift compaction (2 ft)

0.0 0.0 0.8 0.7 1.4 1.3 After 2nd lift compactlon (4 ft)

0.0 0.0 1.6 1.4 1.9 1.8 After 3rd lift compaction (6 ft)

0.5 0.4 2.6 2.5 2.6 2.5 er 4th lift: compaction (8 II)

0.9 0.8 2.7 2.6 2.7 2.6
0.2 0.1 1.7 1.6 2.7 2.6
0.3 0.1 1.9 1.8 2.5 2.4
0.1 0.0 2.0 1.9 2.7 2.6

2:20 0.4 0.2 1.6 1.5 2.7 2.6
2:15 0.4 0.3 2.2 2.1 2.9 2.8
9:25 0.1 0.0 2.7 2.6 3.2 3.1

10:00 0.1 0.0 2.0 1.9 2.8 2.7
9:55 0.1 0.0 2.8 2.7 3.0 3.0
1:40 0.1 0.0 1.9 1.8 3.0 2.9 T = 15 degrees C

3:05 0.4 0.3 0.8 0.7 2.2 2.1
2:05 0.1 0.0 1.5 1.3 2.8 2.7
2:00 0.1 0.0 0.6 0.5 2.2 2.1
1:30 0.1 0.0 1.0 0.8 2.5 2.4
3:00 0.1 0.0 0.3 0.2 2.0 1.9
5:00 0.1 0.0 0.3 0.1 1.2 1.1
4:00 0.2 0.1 1.7 1.6 1.5 1.4
3:00 0.0 0.0 1.3 1.2 1.4 1.4
1:15 0.1 0.0 1.5 1.4 1.6 1.5

10:00 0.1 0.0 1.9 1.8 2.2 2.1
10:30 AM 0.1 0.0 1.4 1,3 2.4 2.3 Highway Opened to Tl1IIIic

9:30 0.0 0.0 1.5 1.4 2.7 2.6
8:30 0.2 0.1 2.2 21 3.2 3.1
9:00 0.1 0.0 2.0 1.8 3.0 2.9
9:05 0.2 0.1 1.8 1.6 2.4 2.3
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ODOT US177 Approach Embankment Evaluation

Bridge C, South Abutment Wall (Dynamic Compaction of Granular Backfill)

Ampl,ified Liquid Settlement Gages: As Built Elevation
Tubing Da.te Top of Top of
Length Installed Plate Fluid

Centerline - SN 44214 40' 5/1/95 909.91' 920.85'
Initial Head =10.94'

Offset - SN 44218
10' wide

30' 5/1/95 909.88' 920.86'
Initial Head = 10.98'

Calibration for: Centerline

Head(ft} Reading - (-3.855 psi)
8.505 psi I ft

Offset

Head(ft: Reading - (-3.30 psi)
8.18 psi f ft

ALSG Readings, Heads, & .1H
Date Time CL OFS Remarks

Reading Head, AH Reading Head .1H
si ft ft i ft ft

515195 90.2 11.059 86.6 10.990 Initial Reading& by wee, no backfill

5115195 AM 90.2 11.059 0.000 86.5 10.978 ..{I.012 AftM plIICing 1st lift, before dyn. cornpection

5/15195 1:00 PM 89.8 11.012 -0.047 86.5 10.978 -0.012 1. lift compaction (2 ft)

5115195 3:00PM 90.9 11.141 0.082 86.9 11.027 0.037 AftM 2nd lift compaction (4 ft)

5117/95 11:40 AM 91.3 11.188 0.129 86.8 11.015 0.025 3rd lift cornpIIIdion (5 ft)

5117195 PM 91.3 11.188 0.129 86.8 11.015 0.025 Nt« 41h lift compaction (8 ft)

5119/95 AM 91.0 11.153 0.094 86.7 11.002 0.012
5131195 AM 92.0 11.270 0.211 87.4 11.088 0.098 Prob wlt:CL $0. won't hold pressure at 0.1.

6116195 AM 91.1 11.165 0.106 87.4 11.088 0.098 used 0.2 reading

6128195 AM 91.2 11.176 0.117 87.6 11.112 0.122 Used interpolation liD gel CL reading at 0.1

717195 2:20PM 91.0 11.153 0.094 87.5 11.100 0.110 Used inlerpobdion liD gel Cl. r-.ding .1 0,1

7/14195 2:15 PM 91.0 11.153 0.094 87.3 11.076 0.186 Used interpolation liD gel Cl. reading at 0.1

7126195 9:25 PM 91.0 11.153 0.094 87.4 11.088 0.098 Problem with CL SG has clDpped

819195 10:00 AM 91.2 11.176 0.117 87.5 11.100 0.110
9/1/95 9:55AM 91.0 11.153 0.094 87.6 11.112 0.122

9122195 1:40 PM 91.3 11.188 0.129 87.8 11.137 0.147
10/12195 3:05 PM 91.7 11.235 0.176 88.0 11.161 0.171
11/3195 2:05PM 91.8 11.247 0.188 87.9 11.149 0.159

11122195 2:00PM 92.2 11.294 0.235 88.3 11.198 0.208
12120195 1:30 PM 92.3 11.306 0.247 88.6 11.235 0.245
1/11/96 3:00PM 92.7 11.353 0.294 88.9 11.271 0.281

218196 5:00PM 92.7 11.353 0.294 88.9 11.271 0.281
2129196 4:00PM 92.8 11.364 0.305 88.9 11.271 0.281
3128196 3:00PM 92.5 11.329 0.270 88.6 11.234 0.244
4123196 1:15 PM 93.3 11.423 0.364 88.9 11.271 0.281 CL $0 • high YOIurne of air bubbles in line

5121/96 10:00 AM 76.5 88.4 11.210 0.220 CL ALSG has atDpped functioning properly.

6111196 10:30 AM 70.7 88.7 11.247 0.257 Gage will be read but no data reduction carrit:

8/6196 9:30AM 62.4 88.0 11.161 0.171 out.

10131/96 8:30AM 54.9 88.2 11.186 0.196
12116196 9:00AM 63.3 89.1 11.296 0.306
2127/97 9:05AM 56.5 89.4 11.333 0.343
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ODOT US177 Approach Embankment Evaluation

Bridge C, South Abutment Wall (Dynamic Compaction of Granular Backnll)

Inclinometer Telescoping Couplings - Centerline: Installed 5125195

....
o--J

Casing Elevation 922.49' 921.21'
(top=2.04' above GS) As Built .tfler Paving

GS Elevation 920.45' Pavement elevatIon 921.65'

Reference Coupling 54.99' ~865.46' Bottom of Casing 57.11'
Depth Elevation

Re.adlngs, Changes, & ~H Values
Date Time Level 1 (Top) Level 2 level 3 Level 4 (Bottom) Remarks

Reading R4 - R1 L\H Reading R4 - R2 L\H Reading R4 - R3 L\H Reading L\R4 L\H
R1 ft ft ft R2ft ft ft R3 ft ft ft R4 ft ft ft

612195 AM 10.874 46.156 . 16.061 40.969 - 20.863 36.167 - 57.030 - - Omil this dsta set

6/16195 PM 10.884 46.104 - 15.968 41.020 - 20.863 36.125 - 56.988 - - Omit this data sel

6/28195 AM 10.885 46.150 0.000 15.960 41.075 0.000 20.860 36.175 0.000 57.035 0.000 0.000 Reference Reading\Oatum)

7f7195 2:20 PM 10.885 46.155 -0.005 15.970 41.070 0.005 20.860 36.180 -0.005 51.040 0.005 ·0.005
7/14/95 2:15PM 10.890 46.150 0.000 15970 41.070 0.005 20.865 36.175 0.000 57.040 0.005 -0.005
7/26195 9:25PM 10.890 46.150 0.000 15.967 41.073 0.002 20.865 36.175 0.000 57.040 0.005 -0.005

819/95 10:00 AM 10.890 46.105 0045 15.970 41.025 0.050 20.867 36.128 0.047 56.995 0.040 0.040
9/1/95 9:55AM 10.887 46.158 -0.008 15.970 41.075 0.000 20.867 36.178 -0.003 57.045 0.010 -0.010

9122195 140PM 10.880 46.105 0.045 15.960 41.025 0.050 20.855 36.130 0.045 56.985 0050 0050
10/12/95 3:05 PM 10.880 46.157 -0.007 15.960 41.077 0.002 20.857 36.180 -0.005 57.037 0.002 -0.002

1113195 2:05PM 10.980 46.050 0.100 15.953 41.077 0.002 20.850 36.180 -0.005 57030 0.005 0.005
11/22195 1:00PM 10.875 46.108 0.042 15.955 41.028 0.047 20.850 36133 0.042 56.983 0.052 0.052
12120195 1:30PM 10.870 46.155 -0.005 15.947 41.078 -0,003 20.845 36.180 -0.005 57025 0.010 0.010

1/11/96 3:00 PM 10.867 46.108 0.042 15.943 41 .032 0.043 20.843 36132 0.043 56.975 0.060 0.060
2/8J96 5.00 PM 10.870 46.105 0.045 15.943 41.032 0.043 20.840 36.135 0.040 59.975 0.060 0.060

2/29/96 4:00PM 10.871 46.102 0048 15945 41028 0.047 20.843 36.130 0.045 56.973 0.062 0.062
3/28J96 3:00PM 10.870 46.109 0.041 15.945 41.034 0.041 20.843 36.136 0.039 59.979 0.056 0.056 (+0.16) (01' diff, bIW cutoff

4123J96 115PM 10.875 46.105 0.045 15.943 41.037 0.038 20.847 36.133 0.042 ~'~-~'~-'~:~' length and exl,

5121196 10:00 AM 10.720 46.093 0.057 15.787 41 .026 0.049 20.685 36.128 0.047 56.813 0.062 0.062 New reference (toP) using e><t.

6/11/96 10'30 AM 10.722 46.061 0,089 15,728 41.055 0.020 20.612 36.171 0.004 56,783 0,092 0,092 Highway opened 10 traffic

8/6196 930AM 10.728 46.012 0.138 15.725 41,015 0,060 20618 36.122 0,053 56.740 0135 0.135
10/31196 8:30AM 10.715 46,020 0130 15.717 41,018 0.057 20.613 36.122 0.053 56.735 0.140 0.140
12/16/96 9:00AM 10.740 46,070 0.080 15.740 41.070 0005 20637 36.173 0,002 56,810 0.065 0.065

2127197 9:05AM 10,715 46,067 0.083 15710 41.072 0.003 20.605 36.177 -0.002 56.782 0.093 0,093



ODOT US177 Approach Embankment Evaluation

Bridge C, South Abutment Wall (Dynamic Compaction of Granular Backfill)

Inclinometer Telescoping Couplings· Onset: Installed 5130/95

Casing Elevation
(top=2.05' above GS)

92261' 921 .37'
As Built ..tfter Paving

GS Elevation 920.56' Pavement Elevation 921.65'

Reference Coupling 56.11' .. 864.45'
Depth Elevation

Bottom of Casing 58.17'

~....
00

Readings, Changes, & ~H Values
Date TIme level 1 (Top) Level 2 level 3 level 4 (Bottom) Remarks

Reading R4 . R1 ~H Reading R4 • R2 ~H Reading R4 . R3 ~H Reading ~R4 ~H

R1 ft ft ft R2ft ft ft R3. ft ft ft R4 ft ft ft
6/2195 AM 10.874 47.281 . 15.874 42.281 . 20.988 37.167 . 58.155 . . Omit this Data set

6116/95 PM 10.884 47.240 0.000 15.884 42.240 0.000 20.894 37.230 0.000 58.124 0.000 0.000 Rala",nce Reading (Datum)

6/28195 AM 10.885 47.230 0.010 15875 42.240 0.000 20.890 37.225 0.005 58.115 0.009 0.009
7f7/95 2:20 PM 10.890 47.230 0.010 15.880 42.240 0.000 20.895 37.225 0.005 58.120 0.004 0.004

7/14/95 2:15PM 10.890 47.225 0015 15.885 42.230 0.010 20.895 37.220 0.010 58115 0.009 0009
7/26195 9:25AM 10.890 47.230 0.010 15.885 42.234 0.006 20.897 37.223 0.007 58.120 0.004 0.004

8/9/95 10:00 AM 10.890 47.165 0.075 15.885 42170 0.070 20.895 37.160 0.070 58.055 0.069 0.069
9/1195 9.55 AM 10.895 47.225 0.015 15.885 42.235 0.005 20.900 37.220 0.010 58.120 0.004 0.004

9122/95 1:40PM 10.885 47.160 0.080 15.880 42.165 0.075 20.890 37.155 0.075 58.045 0.079 0.079
10/12/95 3:05 PM 10.885 47.202 0038 15857 42.230 0.010 20.870 37.217 0.013 58.087 0.037 0.037

11/3/95 2:05 PM 10.880 47.140 0.100 15850 42.170 0.070 20.863 37.157 0.073 58.020 0.194 0.194
11122/95 2:30PM 10.880 47.140 0100 15.953 42.067 0.173 20.865 37.155 0.075 58.020 0.104 0.104
12/20/95 1.3OPM 10.875 47.135 0.105 15.840 42.170 0.070 20.855 37.155 0.075 58.010 0.114 0.114

1/11/96 3:00PM 10.870 47145 0.095 15.843 42.172 0.068 20.855 37.160 0.070 58.015 0.109 0.109
2/8196 5.00 PM 10.873 47.200 0.040 15.845 42.228 0.012 20.855 37.218 0.012 58.073 0.051 0.051

2/29/96 4:00 PM 10.975 47.103 0.137 15.642 42.236 0.004 20.859 37.219 0.011 58.078 0.046 0.046
3/28/96 3:00 PM 10.877 47.200 0.040 15.849 42.228 0.012 20.860 37.217 0.013 58.077 0.047 0.047 (-0.02) for ditto bM cutoff
4/23/96 115 PM 10.880 47.195 0.045 15847 42228 0.012 20.860 37.215 0.015 58.07. . 9 0.049 ..•.• , length and elfl.
5/21/96 10:00 AM 10.885 46.952 0.288 15.675 42.162 0.078 20.683 37.154 0.076 57.6 7"' '0.307" ' 0.307" NllW rMarenee (lop) using ext

6/11196 10:30 AM 10.891 47007 0.233 15.675 42.223 0.017 20.690 37.208 0.022 57.898 0.246 0.246 Highway opened to ltaffic

8/6196 9:30AM 10.897 47.003 0.237 15.682 42.218 0.022 20.797 37.103 0.127 57.900 0.244 0.244
10/31/96 8:30AM 10.888 46.945 0.295 15.673 42.160 0.080 20.688 37.145 0.085 57.833 0.311 0.311
12/16/96 9:00AM 10.885 46.945 0.295 15.673 42.157 0.083 20.787 37.043 0.187 57.830 0.314 0.314
2127197 9:05AM 10.910 47.010 0.230 15.693 42.227 0.013 20.707 37.213 0.017 57.920 0.224 0224



ODOT US171 Approach Embankment Evaluation

Bridge C, South Abutment Wall (Dynamic Compaction of Granular Backfill)

Piezometer:
Standpipe Elevation

*As Built .(Top=2.35 ft above GS)

GS Elevation
(Top of SUbgrade)

Tip Elevation

920.54'

870.54'

922.89'
(As Bui")

921.28'
~Afler Paving)

Pavement Elevation 921.65'
(Top of Pavement)

Tip Depth 50.0'

Groundwater Depth = Piezometer Reading - 0.37'
(Below Top of Pavement)

Groundwater Elevation = Standpipe Elevation (921.281- Piezometer Reading

Piezometer Data
Date Time Reading GW GW Remarks

Depth Elev.
ft ft ft

5125195 PM lnslaJled piezomelIef

6/2195 AM 23.95 21.60 898.94 Initial rading by OSU

6116195 PM 19.00 16.65 903.89
6128195 AM 19.88 17.53 903.01

7f7195 2:20 PM 19.40 17.05 903.49
7/14/95 2:15 PM 19.84 17.49 903.05
7/26/95 9:25AM 20.00 17.65 902.89
819/95 10:00 AM 17.30 14.95 905.59
9/1195 9:55AM 19.38 17.03 903.51

9/22195 1:40 PM 19.65 17.30 903.24
10/12195 3:05 PM 20.30 17.95 902.59
11/3195 2:05 PM 20.99 18.64- 901.90

11/22195 2:30 PM 21.45 19.10 901.44
12120195 1:30PM 22.00 19.65 900.89
1/11/96 3:00PM 22.40 20.05 900.49
216196 5:00PM 22.90 20.55 899.99

2129/96 4:00 PM 23.19 20.84 899.70
3126196 3:00PM 23.61 21.26 899.28
4/23196 1:15 PM 23.77 21.42 899.12..... ---_ ... - ....... --_ .. - .... -- ..
5121/96 10:00 AM 22.87 22.50 898.41 Use _ atandpipe elev.• changed reference for depltl

6111/96 10:30 AM 23.21 22.84 898.07 Highway opened to tr.IfIic

816196 9:30AM 23.96 23.59 897.32
10131/96 8:30AM 23.96 23.59 897.32
12/16196 9:00AM 22.89 22.52 898.40
2127/97 9:05AM 22.18 21.81 899.11
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OOOT US1n Approach Embankment Evaluation

Bridge C, South Abutment Wall (Dynamic Compaction of Granular Backfill), Surface Setdement Points

Date 6112/96 816196 10131196 2J28I97
Readina Elevation Readlno Elevation RNdina Elevation Re.J(llna Elevation

8M W 924.65 W 924.65 W 924.65 W 924.65
E 923.46 E E 923.46 E

BS 2.26 - 3.044 - 3.145 - 3.243 -

HI 925.72 - 927.$4 - 927.~ - 927.893 -

FS 1 3.65 9'22.07 5.623 9'22.071 5.755 9'22.0«> 5.848 9'22.045
2 3.81 921.91 5.7re 921.896 5.911 921.884 6.010 921.883
3 4.00 921.72 5.003 921.711 6.102 921.Em 6.196 921.6'iS
4 4.18 921.54 6162 921.532 6.266 921.529 6.366 921.528
5 3.63 922.00 5.002 9'22.002 5.726 9'22.<:JeS 5.823 9'22.070
6 3.79 921.93 5.785 921.!D3 5.896 921.897 5.937 921.896
7 4.00 921.72 5.962 921.712 6.006 921.~ 6.100 921.600
8 4.18 921.54 6.173 921.521 6.281 921.514 6.~7 921."95
9 3.63 922.00 5.En5 9'22.009 5.734 9'22.061 5.832 922.061
10 3.79 921.93 5.788 921.006 5.800 921.g)J 5.~ 921.895
11 4.00 921.72 5.965 921.709 6.100 921.895 6.200 921.633
12 4.20 921.52 6.192 921.502 6.3>4 921.4:11 6...:()4 921.489
13 3.64 9'22.00 - 5.734 9'22.061 5.843 922.050
14 3.78 921.94 5.778 921.916 5.867 921.~ 5.5e2 921.001
15 3.97 921.75 5.950 921.744 6.067 921.728 6.100 921.724
16 4.12 921.&l 6.110 921.584 6.219 921.576 6.320 921.573

·2f27/1937

*Settiement Reading Point is missing.
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C2 Instrumentation Data
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OOOT US1n Approach Embankment Evaluation

Bridge C, North Abutment Wall (Flooding and Vibration of Granular Backfill)

Total Pressure Cells:

Top. SN 44200
Middle· SN 44205
Bottom· SN 44211

Tubing
Length

34'
37'
40'

Date
Installed

512195
512195
512195

Test Pressures
5 psi 50 psi 100 psi
5.11 50.05 100.20
4.92 50.00 10005
5.40 50.46 100.59

bottom TP<

d.TPC

d.TPC

undelWaY

Date TIme TPC Readings (psi) Remarks
Top Middle Bottom

wtnow wlo flow wtnow wlo now willow wlo now
5J5I95 0.0 0.0 0.0 0.0 0.5 0.3 Initial readings by wee, drain CCN. mllt'l ClYer

5/12195 AM 0.2 0.0 01 0.0 0.7 0.0 Aller 1st flood.& Vlb. of 1st lift, Mill below ml

5/12195 AM 0.0 0.0 0.0 0.0 0.9 0.1 Aller 2nd flood.& Yib. of 1&t lift. Mill below ml

5/16/95 9:00AM 0.6 0.4 0.7 0.5 1.5 0.9 Aller placing 2nd lift. blfililD lop, flood & Yib.

5/17195 10:00 AM 0.2 0.1 0.4 0.2 2.0 1.4 After flooding and ",~ng complete

5/19195 AM 0.4 03 0,9 0.7 2.1 1.6
5131195 AM 0.3 0.2 0.3 0.2 2.0 1.8
6/16/95 AM 0.3 0.2 0.3 0.2 2.0 1.8
6128195 AM 0.2 0.0 0.3 0.1 2.1 1.9

717195 3:05 PM 0.1 0.0 0.0 00 1.5 1.1 Top and middle TPC readings are '7'

7/14/95 3:00 PM 0.1 0.0 0.1 0.0 1.8 1.2 1T0p and middle TPC readings alll •.,..

7126/95 8:35AM 0.1 0.0 1.2 1.0 2.3 16
819195 10:45 AM 0.1 0.0 0.9 0.7 2.0 1.6
911195 10:40 AM 0.1 0.1 1.4 1.3 2.3 18

9122195 3:10 PM 0.1 0.0 0.8 0.7 2.4 2.2
10112195 3:45PM 0.0 0.0 0.3 0.1 17 1.5

1113195 2:50PM 0.3 0.0 1.5 1.4 3.1 2.7
11122195 1:00 PM 0.1 0.0 0.9 0.8 2.7 26
12120195 2:00 PM 0.0 00 1.0 0.9 2.7 25
1/11196 4:00PM 0.1 0.1 04 0.3 1.7 16
2/8196 5:00PM 0.0 0.0 0.2 0.1 1.5 1.3

2129196 4:00 PM 0.1 0.0 1.5 1.4 3.3 3.2
3128196 3:30 PM 0.1 0..0 1.3 1.2 3.0 2.9
4123196 12:35 PM 0.1 0.0 1.3 1.2 3.2 3.1
5121196 10:00 AM 0.0 0.0 1.5 1.3 2.7 2.5
6111196 845AM 0.1 0.0 15 1.4 2.4 2.2 Highway Opened to Traffic

816/96 8:45AM 01 0.0 1.5 1.4 2.8 2.6
10131196 815AM 02 0.1 1.6 1.5 3.4 3.2
12/16/96 815AM 0.2 0.1 1.7 1.6 3.6 3.4
2127197 8:05AM 0.3 0.2 1.6 1.5 33 31
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ODOT US177 Approach Embankment Evaluation

Bridge C, North Abutment Wall (Flooding and Vibration of Granular Backfill)

Ampltfted liquid settlement Gages: As Built Elevatton
Tubing Dlrte Top of Topof
Length Installed Plate Fluid

Centerline - SN 044221 40' 5J2I95 909.91' 920.88'
Initial Head = 10.97'

Offset - SN 44222 30' 5I2J95 909.87' 920.00'
10' wide Initial Head = 11.03'

Calibration for: Centerline Offset

Head(ft)= Reading - (-4.405 psi) Head(ft)= Reading - (-3.50 psi)
8.455 psi I ft 8.48 psi I ft

ALSG Readings, Heads, & AH
Date Time CL OFS Remarks

Reading Head AH Reading Head AH
i ft ft i 11 1'1

515195 Initial readings by wec, drain et:N. marl OYer bottom TI

5/12195 AM 00.0 11.123 0.000 00.0 11.026 0.000 1st ftooding &vib. d 1st lill on 5/11

5/12195 AM 00.5 11.182 0.059 91.1 11.156 0.130 er 2nd lIooding & V1b. of 1st 11ft on 5/12

5/16195 9:00AM 00.3 11.158 0.035 89.2 10.932 -0.094 placing 2nd lill, bIlili to toP. ftood. & llib. underway

5/17195 10:00 AM 89.8 11.099 -0.024 00.1 11.038 0.012 r IIooding and vibrating complete

5/19195 ' AM 00.3 11158 0.035 00.2 11.050 0.024
5/31/95 AM 00.8 11.218 0.095 89.8 11.002 -0.024

I
90.4 11.170 0.047 89.0 10.908 -0.1186/16195 AM

6128195 AM 90.8 11.218 0.095 00.0 11.026 0.000
7n195 3:05 P 90.8 11.218 0.095 89.8 11.002 -0.024

7/14195 3:OOP 00.8 11.218 0.095 89.9 11.014 -0.012
7126/95 8:35AM 00.5 11.182 0.059 89.8 11.002 -0.024

8/9/95 10:45 AM 00.7 11.206 0.083 89.8 11.002 -0.024
911/95 10:40 AM 00.8 11.218 0.095 89.9 11.014 -0.012

9122195 3:10PM 91.0 11.241 0.118 89.8 11.002 -0.024
10/12195 3:45 P 91.1 11.253 0.130 89.6 10.979 -0.047
1113/95 2:50 PM 91.1 11.253 0.130 90.2 11.050 0.024

11122195 1:00 PM 91.3 11.277 0.154 00.8 11.120 0.094
12120/95 2:00 PM 91.5 11.300 0.177 00.5 11.085 0.059 •

1/11/96 4:00 PM 91.8 11.336 0.213 00.9 11.132 0.106
218/96 5:00P 91.7 11.324 0.201 00.8 11.120 0.094

2129196 5:00 PM 91.8 11.378 0.255 00.3 11.061 0.035 ;
3128196 3:30PM 91.6 11.312 0.189 89.9 11.014 -0.012 '

I

4123196 12:35 PM 00.3 11.061 0.035 Misread· not on plot.

512196 9:00AM 91.5 11.300 0.177 90.4 11.073 0.047

5121/96 10:00 AM 91.5 11.300 0.177 00.2 11.050 0.024
6/11196 8:45AM 91.6 11.312 0.189 00.4 11.073 0.047 Hll/hway opened to lralTic

8/6196 8:45AM 91.1 11.253 0.130 89.8 11.002 -0.024

10131196 8:15 91.7 11.324 0.201 00.6 11.007 0.071
12/16/96 8:15AM 92.3 11.395 0.272 91.1 11.156 0.130

2127/97 8:05AM 72.2 9.060 -2.063 58.3 7.288 -3.738 (7)R~. not erlCIl..9' lIcW?

123



~

ODOT US177 Approach Embankment Evaluation

Bridge C, North Abutment Wall (Flooding and Vibration of Granular Backftll)

Inclinometer Telescoping Couplings - Centerline: Installed 6/1195

Casing Elevation 922.38' 92135'
(top=1.91' above GS) As Built kfter Paving

GS Elevation 920.47' Pavement Elevation 92168'

Reference Coupling 55.27' II! 86520' Bottom of Casing 5722'
Depth Elevation

Readings, C,hanges, & hH Values
Date Time Level 1 (Top) Level 2 Level 3 Level 4 (Bottom) Remarks

Reading R4 • R1 hH Reading R4 • R2 hH Reading R4 - R3 hH Reading hR4 hH
R1 ft ft ft R2ft ft ft R3. ft ft ft R4.ft ft ft

615/95 AM 10.853 46.323 - 15843 41.333 - 20.853 36.323 - 57.176 - - Omillhis data set

6/16/95 AM 10.858 46.328 0000 15.843 41.343 0.000 20.853 36.333 0.000 57.186 0.000 0.000 Reference Reading(Datum)

6/28/95 AM 10.860 46.315 0.013 15.845 41.330 0.013 20.850 36.325 0008 57.175 0011 0.011
7n195 3:05PM 10.860 46.315 0.013 15.845 41.330 0.013 20.855 36.320 0.013 57.175 0.011 0.011

7/14/95 3'00 PM 10.865 46.315 0.013 15.845 41.335 0.008 20.850 36.330 0.003 57.180 0.006 0.006
7/26195 8:35AM 10.865 46.315 0.013 15.850 41330 0013 20.855 36.325 0.008 57.180 0.006 0.006

819/95 10:45AM 10.865 46.315 0.013 15.850 41.330 0.013 20.853 36.327 0.006 57.180 0.006 0.006
9/1195 10:40 AM 10.865 46.312 0.016 15.850 41.327 0.016 20.853 36.324 0009 57.177 0.009 0.009

9/22/95 3:10 PM 10.860 46.307 0.021 15.845 41.322 0.021 20.845 36.322 0.011 57.167 0.019 0.019
10/12195 3'45 PM 10.860 46.267 0.061 15.845 41.282 0.061 20.847 36.280 0.053 57.127 0.059 0.059

11/3195 2~50 PM 10.853 46.310 0.018 15.943 41.220 0.123 20.837 36.326 0.007 57.163 0.023 0.023
11/22195 1'00 PM 10.850 46.307 0.021 15.837 41.320 0.023 20.840 36.137 0.Q16 57.157 0.029 0.029
12/20/95 2:00 PM 10.845 46408 -0.080 15.827 41.426 -0083 20.925 36.328 0.005 57.253 0.067 -0.067

1/11/96 400PM 10.845 46.265 0.063 15.827 41.283 0.060 20.830 36.280 0.053 57.110 0.076 0.Q76
2/8/96 5:00PM 10.843 46.307 0.021 15.825 41.325 0018 20.827 36.323 0.010 57.150 0.036 0.036

2129/96 5:00PM 10.845 46.302 0.026 15.825 41.322 0.021 20.828 36.319 0.014 57.147 0.039 0.039
3128196 3.30 PM 10.845 46.300 0028 15.825 41.320 0.023 20.825 36.320 0.013 57.145 0.041 0.041
4/23/96 12'35 PM 10.849 46.258 0.070 15.827 41.280 0.063 20.830 36.277 0.056 57.107 0.079 0.079
5/21196 10;00 AM 10.850 43.290 0.038 15.830 41.310 0.033 20.830 36.310 0023 "5714<f' '0.046" 0046" New ,e'erenee (lop) using ext

6/11196 8:45AM 10.852 46.288 0.040 15.830 41.310 0.033 20.830 36.310 0.023 57.140 0.046 0.046 Highway opened to traffic

8/6196 845AM 10.858 46.282 0.046 15.835 41.305 0.038 20.830 36.310 0.023 57.140 0046 0.046
10/31196 8:15AM 10.850 46.280 0.048 15.828 41.302 0.041 20.825 36.305 0.028 57.130 0.056 0.056
12/16/96 B.15AM 10.847 46283 0.045 15.825 41.305 0.038 20.823 36.307 0.026 57.130 0.056 0.056
2/27197 B'05AM 10.840 46285 0043 15.820 41.305 0.038 20.813 36.312 0.021 57.125 0061 0.061



OOOT US177 Approach Embankment Evaluation

Bridge C, North Abutment Wall (Flooding and Vibration of Granular Backfill)

Inclinometer Telelcoplng Couplings· Offset: Installed 6/2195

Casing Elevation
(top=2.04' above GS)

922.65'__...
As Built After Paving

GS Elevation 920.61' Pavement Elevation

Reference Coupling 55.23' .. 865.38'
Depth Elevation

Bottom of Casing 57.17'

.....
N
01

Readings, Ch8nges, & i\H Values
Date Time Level 1 (Top) Level 2 Level 3 Level 4 (Bottom) Remarks

Reading R4 • R1 6H Reading R4 - R2 6H Reading R4 - R3 i\H Reading 6R4 6H
R1 n ft ft R2ft ft n R3. ft n n R4.n ft ft

6/5195 AM 10.684 46.385 0.000 15.684 41.385 0.000 20.905 36.364 0.000 57.269 0.000 0.000 Reference R80ding (Datum)

6/16195 AM 10.884 46323 . 15.884 41.323 - 20.915 36.292 - 57.207 - - Om~ this Data set

6128/95 AM 10.911 46.389 ·0.004 15.915 41.385 0.000 20.940 36.360 0.004 57.300 0.031 -0.031
7f7195 3:05 PM 10.890 46.380 0.005 15.685 41.385 0.000 20.915 36.355 0.009 57.270 0.001 -0.001

7/14195 3:00 PM 10.890 46.380 0.005 15.895 41.375 0.010 20.920 36.350 0.014 57.270 0.001 -0.001
7/26/95 8:35AM 10.685 46.385 0.000 15.890 41,380 0.005 20.915 36,355 0.009 57.270 0.001 -0.001

8/9195 10'45AM 10.890 46.380 0.005 15.890 41.380 0.005 20.915 36.355 0.009 57.270 0.001 -0.001
9/1195 10:40 AM 10.927 46.396 -0.011 15.933 41.390 -0.005 20.960 36.363 0.001 57,323 0.054 -0.054

9122/95 310PM 10.877 46.323 0.062 15.885 41.315 0.070 20.910 36.290 0.074 57.200 0,069 0.069
10/12/95 3:45 PM 10.890 46.370 0.015 15.893 41.367 0.018 20.910 36.350 0.014 57.260 0.009 0.009
11/3/95 2:50 PM 10.875 46.395 -0.010 15.880 41.390 -0.005 20.920 36.450 -0.086 57.270 0.001 ·0.001

11122195 1:00PM 10.870 46.323 0.062 15.875 41.318 0.067 20.903 36.290 0.074 57.193 0.076 0.076
12120195 2:00 PM 10.865 46.415 -0.030 15.870 41.410 -0.025 20.900 36,380 -0.016 57.280 0.011 -0.011
1/11/96 400PM 10665 46.380 0005 15.870 41.375 0.010 20.895 36,350 0,014 57.245 0.024 0.024

218196 5:00PM 10.865 46.378 0.007 15.870 41.373 0.012 20.895 36.348 0,016 57.243 0,026 0.026
2/29/96 5:00 PM 10.669 46376 0009 15.870 41.375 0.010 20.899 36.346 0.018 57.245 0.024 0.024
3128196 3:30 PM 10.867 46,313 0.072 15.870 41.310 0.075 20.899 36.281 0.083 57.180 0.089 0.089
4/23196 12:35 PM 10.870 46310 0.075 15.873 41307 0.078 20.900 36.280 0.084 57.180 0.089 0.089

10.880 46.097 0.288 15.615 41.362 0.023 20.640 36.337 0,027 "56,977" "-o.m' .0.292' ..........
5/21196 1000AM New reference (lop) using ext

6/11196 845AM 10.890 46.010 0.375 15.602 41.298 0.087 20.628 36.272 0.092 56.900 0.369 0.369 Highway opened lo lra"ic

816196 845AM 10898 46080 0.377 15.613 41365 0.020 20,740 36238 0,126 56.978 0,291 0.291
10131/96 815AM 10.917 46068 0.317 15635 41350 0.035 20.660 36.325 0.039 56.985 0.284 0.284
12/16/96 8:15AM 10.685 46.070 0.315 15.605 41.350 0,035 20.630 36.325 0039 56955 0314 0314

2127197 8:05AM 10.890 46070 0315 15.605 41.355 0030 20.630 36.330 0.034 56.960 0309 0.309



ODOT US1n Approach Embankment Evaluation

Bridge C, North Abutment Wall (Flooding and Vibration of Granular Backfill)

Piezometer:
Standpipe Elevation 923.12' 921.31'

*As Buin .(Top=2.63 It above GS) (As Buitt) tAtter Paving}

GS Elevation 920.49' Pavement Elevation 921.68'
(Top of SUbgrade) (Top of Pavement)

Tip Elevation 875.49' Tip Depth 45.0'

Groundwater Depth =Piezometer Reading - 0.37'
(Below Top of Pavement)

Groundwater Elevation =Standpipe Elevation (921.31) - Piezometer Reading

Piezometer Data
Date Time Reading GW GW Remarks

Depth Elev.
ft ft ft

611/95 PM Installed piezometer

6116195 AM 19.05 16.42 904.07
6128195 AM 19.44 16.81 903.68
7f7195 3:05 PM 18.94 16.31 904.18

7/14195 3:00PM 19.36 16.73 903.76
7/26195 8:35AM 19.60 16.97 903.52

819/95 10:45 AM 17.40 14.77 905.72
9/1/95 10:40 AM 18.98 16.35 904.14

9/22195 3:10 PM 19.24 16.61 903.88
10112195 3:45 PM 19.85 17.22 903.27

11/3195 2:50 PM 20.47 17.84 902.65
11/22195 1:00 PM 20.87 18.24 902.25
12120195 2:00 PM 21.35 18.72 901.77

1/11/96 4:00 PM 21.73 19.10 901.39
2/8196 5:00 PM 22.19 19.56 900.93

2129/96 5:00 PM 22.60 19.97 900.52
3128/96 3:30 PM 22.89 20.26 900.23
4123/96 12:35 PM 23.10 20.47 900.02............. _-- ..... -_ ..................
5/21/96 10:00 AM 21.79 21.42 899.52 Use new standpipe elev.• changed reference for depth

6111/96 8:45AM 22.17 21.80 899.14 Highway opened to traffic

8/6196 8:45AM 23.02 22.65 898.29
10/31196 8:15AM 23.14 22.77 898.17
12116196 8:15 AM 21.94 21.57 899.37
2127/97 8:05AM 21.02 20.65 900.29
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ODOT US1n Approach Ermankment Evaluation

Bridge C, North Abutment Wall «Flooding and Vibnltion of GranuJar BackfiO}, Surface SetUement ~nts

Date 6112196 816196 10131196 21Z8197
Readina Eleyation Readina Elevation Readina Elevation Readina Elevation

8M W 924.78 W 924.78 W 924.78 W 924.78
E 923.56 E 923.56 E 923.56 E

as 2.18 - 2.70 - 2.78 - 2.537 -

HI 925.74 - 927.48 - 927.56 - 927.317 -

FS 1 3.00 922.14 5.3<1) 922.14:) 5.435 922.125 5.197 922.120
2 3.74 922.00 5.520 921.9aJ 5.005 921.955 5.310 921.947
3 3.88 921.86 5.EHl 921.~ 5.7::15 921.825 5.fa) 921.817
4 4.a5 921.63 5.810 921.670 5.895 921.6ffi 5.6OCl 921.$7
5 3.64 922.10 5.385 922.005 5.475 922.(135 5.2€5 922.a52
6 3.79 921.95 5.56'5 921.915 5.ffi6 921.9a5 5.418 921.899
7 3.93 921.81 5.685 921.7'95 5.770 921.7ro 5.5&> 921.7'57
8 4.13 921.61 5.89) 921.!:m 5.003 921.'5T7 5.747 921.570
9 3.63 922.a5 5.442 922.038 5.5::6 922.025 5.318 921.!B3
10 3.84 921.00 5.005 921.875 5.!R5 921.885 5.462 921.655
11 3.97 921.77 5.T.D 921.750 5.825 921.7::15 5.587 921.T.D
12 4.14 921.00 5.89) 921!:m 5.975 921.585 5.745 921.572
13 3.73 922.01 5.484 921.996 5.575 921.965 5.300 921.rEl
14 3.88 921.86 5.646 921.834 5.740 921.820 5.~ 921.811
15 4.01 921.73 5.767 921.713 5.867 921.E93 5.627 921.ES)
18 4.15 921.59 5.915 921.56'5 6.000 921.5&> 5.768 921.543

"2127/1007

"2127/1007

"212711007

"212711007

"settlement Reading Point is missing.
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APPENDIX C

Instrumentation Data Plots
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APPENDIX C1

A1 Instrumentation Data Plots
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APPENDIX C2

A2 Instrumentation Data Plots
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