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EXECUTIVE SUMMARY

The instrumentation, monitoring, and analysis of a tieback wall located on the western side of
the Cuyahoga valley National Recreation Area (CVNRA) Valley railroad in the vicinity of the State
Route 82 bridge over the railroad and the Cuyahoga River, Brecksville, Ohio constitutes the main
work of this project. Slope movements on the western wall of the Cuyahoga River valley were
noticed, extending excessively to the north and south of the State Route 82 bridge centerline. Slope
movements were also occurring within the 80 feet wide bridge right-of-way portion of the
embankment. ODOT has conducted an independent investigation of this area and developed plans
using tieback walls to stabilize the slope movements.

The objectives of this study were to: (a2) develop and carry out an instrumentation and
monitoring plan for the tieback wall to be constructed on the state Rt. 82, in Brecksville, Ohio
(Project No. SUM-82-0.00), (b) plan and carry out load test of tiebacks in shale to determine the load-
carrying capacity, load transfer mechanism, and the water effect, (c) plan and carry out creep tests of
tiebacks to gain better insight on the time-dependent creep and stress relaxation behavior of tiebacks
installed in shale, (d) document the construction sequence and the measured tieback wall responses,
(e) monitor tieback wall performance at least for a year after the wall construction is complete, (f)
perform a detailed analysis of measured data from the load test results and the monitoring data of
instrumented walls, (g) investigate the interrelationships among the magnitude and distribution of the
earth pressures, the tieback lock-off loads, the friction between the wall and the backfill, the pile
hearing, and the magnitude and nature of ground movements, and (h) to provide recommendations for
improved design methods for tieback walls with permanent anchors in shale.

All the elements of the studied tieback wall were provided with instrumentation including strain
gages, inclinometers, load cells, and peizometers. The data gathered from all sensors and gages were
analyzed, and utilized to validate the developed tieback computer program, and evaluate the present
analysis methods.

Based on the comparisons of the existing "Earth Pressure Diagram" analysis methods, it was
found that these methods result in considerable discrepancies with measured diagrams. The moments
measured along the soldier pile were best fitted when a moment was introduced at the anchor-pile
point. ’

A Finite Element Method (FEM) program, PLAXIS, was employed to perform a numerical
simulation of the construction of the tieback walls utilizing the inclinometers' readings in the early
stage of construction. Then the deduced soil parameters were fixed in the subsequent analysis of
various construction stages to accommodate the stress-path dependency of the soil response. The
close agreements between the measured and the simulation lend strong support to the validity of the
FEM analysis techniques.

Finally, a finite element program developed for the purpose of tieback wall analysis and
design was introduced. This program was shown to provide a good predictive and analytic tool for
analyzing the structural behavior of the tieback wall, accommodating for the combined effects of
construction stage and anchor prestressing. This program is also capable of simulating the anchor-soil
response. The anchor-soil model was described and verified and shown to be powerful in both
forward and backward calculations encountered in the anchor-soil system.
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DISCLAIMER STATEMENT

The contents of this report reflect the views of the author who is responsible for the facts
and the accuracy of the data presented herein. The contents do not necessarily reflect the
official views or policies of the Ohio Department of Transportation or the Federal
Highway Administration. This report does not constitute a standard, specification or
regulation.
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CHAPTER 1

INTRODUCTION

1.1 STATEMENT OF THE PROBLEM |

Tieback walls have been used as in cuts and bridge abutlﬁents for approximately
more than 30 years. Recently, there has been an increased interest in the use of tieback
walls with permanent anchors for earth retaining and/or soil slope stabilization pulposés.
The increased popularity of such earth retaining structure may be attributed to several
factors: (1) various construction techniques are available for installing tieback walls in
almost any type of soil condition, (2) numerous standard tests have been developed for
verifying tieback anchor capacity, (3) concerns about long-term resistance to corrosion
have diminished over the years due to the successful development of corrosion seals, (4)
the use of tieback walls seems to offer a faster constniction technique and less costly
approach, compared to other types of earth retaining techniques.

Basically, tieback walls are consisted of three elements: earth retaining units such
as sheet pile and lagging, anchorage, and the connection of these two elements. Despite
various combinations of the assemﬁ]age of three elements, the working principle of a
tiéback wall remains essentially the same. In deep excavation, wall movement results in
the development of certain earth pressure behind the wall, which are eventually
transferred to the anchorage through the connection of the tieback and the wall. In the

case of slope stabilization, tieback walls provide resistance to the driving forces caused
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by the factors such as change of ground water regime, increased surcharge, and slope cut.
It is in the latter case that great complexities may exist due to the nature of a great
vanation of geologicai settings in a site. For this reason, instrumehtation and monitoring
of tieback walls for stabilizing natural slope has been recommended by the experts
(Dunmicliff, 1990; Nicholson, 1982).

One of the major concerns in a tieback wall design is the estimation of the earth
pressure acting on the wall. Unfortunately, the develobment of earth pressure behind a
earth retaining structure is influenced by the wall deformation modes, however, vary from
one wall system to the other, depending on the wall stiffness, the anchor spacing, the
anchor yield, and the lock-off loads. There is particularly a need for a better
understanding of the earth pressure development as affected by the construction
techniques and construction sequence.

The design of a tiéback wall calls for a global stability to prevent failure of the
supported soil mass, and structural capacity to resist bending moments developed in the
soldier piles due to the earth pressure. There have been numerous literatures providing .a
wide range of information on the tieback wall (e.g., Terzaghi and Peck, 1967; Schnabel,
1982; Goldberg et al, 1976; Clough et al, 1974; Lambe and Wolfskill, 1970; Hanna,
1982; Otta et al, 1982; Cheney, 1988; Xanthakos, 1991, among others); nevertheless,
there is still a need for more data from fully instrumented tieback walls with detailed
documentation of construction techniques and sequence. The data of a carefully

monitored tieback wall should provide necessary information for investigating the
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interrelationship among the magnitude and distﬁbution of earth pressure, the tieback
anchor lock-off loads, the friction developed between the wall and the backfill material,
the bearing of soldier pile, and the maghitude and nature of ground movements. An
instrumentation and monitoring of a tieback wall construction project (SR. 82 Bridge,
neaf Brecksville, Sunimit County, Ohio) has been carried out tb.genérate -much needed
data that would fill the knowledge gap exists betwéen field performance and design
assumptions.

In addition to fill the general knowledge gap on tieback walls, the research also
would address some unique concerns pertinent to this particular tieback wall project.
These concerns include the following: (1) the tieback anchors are to be located in the
shale, which potentially can be disintegrated due to the presence of water, (2) shale is
believed to exhibit strong creep tendency, leading to some concem about the bond loss
after some service period. Since shale is father abundant in Ohio, the knowledge gained
from this instrumentation research project should help design engineers in designing

tieback walls with permanent anchors in the shale.

12  OBJECTIVES OF THE STUDY
The objectives of this study are as follows.
(a) Develop and carry out an instrumentation and monitoring plan for the tieback

wall to be constructed on the state Rt. 82, in Brecksville, Ohio (Project No.

SUM-82-0.00).
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(b) Instrument and carry out load test of tiebacks in shales to determine the load-
carrying capacity, load transfer mechanism, and the water effect.

(c) Instrument and carry out creep tests on tiebacks to gain better insight on the
time-dependent movement and stress relaxation behavior of tiebacks installed
in shales.

(d) Document the construction sequence and the measured tieback wall responses.

(e) Monitor tieback wall performance after the completion of wall construction.

(f) Perform a detailed analysis of measured data from the load test results and the
monitoring data of instrumented walls.

(g) Investigate the inter-relationships among the magnitude and distribution of the
earth pressures, the tieback lock-off loads, the friction between the wuall and
the backfill, the pile bearing, and the magnitude and nature of ground
movements.

(h) Provide recommendations for improved design methods for tieback walls with

permanent anchors in shales.

ORGANIZATION OF THE REPORT

1.3
Chapter 1 provides an introduction, objectives of the project, and outline of the
final report.

Presented in chapter II is a summary of background information on the project site

prior to the start of the construction. The background information includes a discussion of
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the nature of the problem of the project site, soil profile data, prior slope stabilization
schemes, and design of the permanent tieback wall.

Chapter I provides a detailed description of the instrumentation plan, types of
sensors used, locations of sensors and inclinometers, and the special plans for load testing
of ground anchors. Instrumentation installation techniques are detailed in the chapter as
well.

Chapter IV presents the bulk of measured data prior to, during, and after
construction. The measured data, including strains, loads, and deflections are plotted as a
function of time to provide a time history of structural responses of the constructed wall.
In addition, the measured data are plotted as a function of locations, providing a spatial
representation of the structure elements during different stages of construction. Together,
these comprehensive plots of the measured data formed the basis for interpreting the
structural behavior of the constructed wall.

Chapter \% presents the newly developed interface models for the specific
applications to ground anchors. The theoretical interface models taking into consideration
of the effects of confining pressure, dilatancy, influence zone, and relative rigidity of the
anchor and the soil, have been formuiated. In addition, both forward calculation and back
calculation computational algorithms have been successfully formulated. The validity of '
the developed models has been provided by a favorable comparison with both laboratory
experimental data and field cases. The interface models have been applied to the two

pullout tests conducted in this research project.
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Chapter VI presents a detailed description of a finite element (FEM) simulation of
the construction of the wall. The FEM program, PLAXIS, was employed to determine the
stress and deformation fields of the slope at various stages of construction, as well to
calculate the structural responses of the tieback wall elements, including the soldier piles,
and the tiebacks. When applicable, a comparison was made between the computed results
and the actual measured results. The FEM PLAXIS simulation has proven to be a
valuable tool that would enable engineers to gain detailed insights on the interactions of
the ﬁeback walls structure elements.

Chapter VII provides a description of an efficient computational algornithm for the
tieback wall structures. The algorithm was based on beam on elastic springs, with
capabilities for simulation of pre-stress in anchor and stage constructions (c.g..
excavalion,v installation of soldier piles and pre-stress of anchors). The developed
algorithm has been added into a PC based computer program with a user-friendly input
interface module and powerful post-analysis graphical representation (post-processing).
This computer program has been validated by a comparison with instrumented tieback
walls at Texas A&M University’s Geotechnical Experiment Sites. This chapter also
presents a comparative study of varibus simplified analysis methods for calculating the
maximum bending moments developed in the soldier piles. Furthermore, the measured
tieback wall structure response is compared with calculations based on these simplified
methods, and the deviations between the calculated and the measured are analyzed.

Finally chapter VIII presents summaries and conclusions of the project.
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CHAPTER I

BACKGROUND OF THE PROJECT

1.1  Introduction

The project site is located on the western side of the Cuyahoga Valley National Recreation
Area-(CVNRA) Valley Railroad in the vicinity of the State Route 82 bridge over the railroad and
the Cuyahoga River, in Brecksville, Ohio. The slope movements are on the western wall of the
Cuyahoga River valley, and extend for distances of approximately 200 and 400 feet to the north and
south of the State Route 82 bridge centerline, respectively. Three independent geotechnical studies
have been conducted to investigate the site conditions and appropriate remedial measures to
stabilize the slope. Messmore/Timmerman Services, Inc. did two of those studies in the areas south
and north of the bridge right-of-way. Slope movements are also occurring within the 80 feet wide
bridge right-of-way portion of the embankment; however, ODOT has conducted an independent
investigation of this area, and developed plans for stabilization of the right-of-way zone.

Within the project area, the Valley Railroad was constructed by cutting a bench into the toe
of the western river valley side wall. An untitled and undated topographic drawing of the area
prepared by Environmental Design Group, shows the resulting existing embankment to rise sharply
from the railroad for a change in elevation of 40 to 50 feet over a horizontal distance of 50 to 60
feet; to continue to rise at a moderate slope for an elevation change of 30 to 40 feet over a horizontal
distance of 100 to 200 feet; then to again rise steeply with a change in elevation of 30 feet over a

distance of 30 to 60 feet.

II-1



I1.2  Initial Site Investigation

As indicated above, ODOT has conducted a study of the slope movement within the State
Route 82 bridge right-of-way, and developed plans for stabilizing that portion of the general
problem area. Five (5) test borings were advanced by ODOT in May and June 1993, with
laboratory tests performed on the collected soil and rpck samples.

Four test borings were advanced at. the project site by Messmore/Timmerman Services, Inc.,
between September 30 and October 4, 1994, using a medium capacity rotary drill rig. All test
positions were selected as shown on the attached Location Plan in Fig. 2.1. Ohio Department of
Transportation (ODOT) had advanced test borings within and near the State Routev82 bridge right-
of-way prior to this investigation, and the subsurface data obtained was provided to our office. The
test boring locations for that investigation was selected to complement the ODOT data, and to
further investigate the area beyond the bridge right-of-way zone.

Standard penetration and Shelby tube sampling was performed at the depth intervals shown
on the Test Boring Logs that are provided in Appendix A. Water level readings and hole depth
soundings were made on completion of each boring, and water level readings were again made in
two boreholes at later times. All holes were backfilled following completion of water level
determinations. The ground surface elevation shown on each log was interpolated to the nearest one
foot from elevation data shown on the topographic drawing in Fig. 2.1.

Supplemental investigation was conducted by Messmore/Timmerman Services, Inc., to
obtain additional subsurface data to better define the rock surface elevation in the immediate
vicinity of the slide face, and to present any revisions or additions to their o‘riginal conclusions and
recommendations deemed necessary based on the new data. Four (4) Wildcat dynamic cone

penetrations were performed at the project site on July 25, 1995 for this supplemental investigation.
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The test positions were selected and advanced as shown approximately on the attached location plan
in Fig. 2.1, and identified as P-1 through P-4. Also shown on the location plan are test positions of
borings advanced during the previous investigation and of borings advanced by the Ohio
Department of Transportation (ODOT) in 1993.

Dynamic cone testing was performed by advancing a cone having a 10 square centimeter
projected end area into the subsoils using a controlled dynamic energy produced by the drop of a 35
pound hammer through a height of 15 inches. The data was recorded as the number of blows
required to advance the cone through each succeeding 10 centimeters of penetration.

The field cone penetration data and results are shown on the attached Wildcat Dynamic
Cone Logs in Appendix A. The logs show the relative density of the soil being penetrated for each
10 centimeter increment, if the soil being penetrated were sand or silt; and the stiffness of the soil
being penetrated if it was clay. The value shown on the log as “IN" for each test interval is the
approximate equivalent standard penetration blow count for the soil being tested, i.c., the cquivalent
blows per foot required to advance a standard split spoon sampler into that soil using an 140 pound
hammer, freely falling from a height of 30 inches. This correlation between the two types of testing
becomes inaccurate under high penetration resistance conditions, thus, the equivalent blow count is
not given where such conditions exist.

The ground surface elevation shown on each cone penetration log was determined to the
nearest one (1) foot by standard surveying methods, using a reference e]evatioﬁ of 638 for the
railroad bed in the vicinity of the field testing.

The general nature of the subsurface profile found and reported in the ODOT investigation 1s
similar to that found in the investigations by Messmore/Timmerman Services, Inc. The prnimary

difference between the sets of data is that more soil variability is shown in the ODOT data. Of
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particular significance is that "sandy silt" zones were found at greater depths in the ODOT
mvestigation.

The combined subsurface data of the Messmore/Timmerman Services, Inc., and the ODOT
investigations indicate that the soil portion of the profile is fairly variable with respect to the soil
types found, and the relative horizontal and vertical locations of the specific soil types identified.
However, the soil zones containing significant percentages of granular material (sand or gravel)
were generally found within the upper approximately 25 to 30 feet of the profile, with the
underlying soils being predominantly mixtures of silt and clay, occurring in varying combinations.

In addition to the variability in soil types within ihe proﬁle,» the consistency or density (and
resulting strength) of the respective soils was also found to vary horizontally and vertically across
the site. As would be anticipated, the soils generally become more stiff or dense (higher streng.th)
with depth. However, zones of relatively low strength were found at large depths in some borings.

The underlying shale surface appears to have a gentle downward slope in a southerly
direction. The rock surface was present at an elevation of 672 in the northernmost part of the
investigated area (Boring B-1), at 658 to 668 near the bridge (ODOT boring / data), and at 655 at a
distance of 150 feet to the south of the bridge (Boring B-3). In the southernmost part of the area,
the shale was below the boring termination elevation of 639 (Boring B-2). Based on the ODOT
data, the shale surface also appears to have a slight downward slope in a westerly direction, away
from the railroad.

Test boring data collected at the site indicate the subsurface to be composed generally of fine
grained silt and clay soils with some sandy zones, overlying shale. These can be described for

" engineering purposes as the following:
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11.2.1 Upper Soil Deposits

The uppermost 5.0 to 7.5 feet of soil in Borings B-1 and B-4, and the uppermost 22.5 to 28.0
feet of soil in B-2 and B-3 of the soil profile at the test locations consisted of sand, silt, and
clay, occurring in varying combinations, and with no identifiable horizontal or vertical sequencing
pattern. This upper soil zone was brown or gray in color, and generally consisted of either mixtures
of fine sand and silt, or silt with minor amounts of clay. Where sampled, the sand/silt soils were
loose or medium-dense, and the clayey-silt soils were medium stiff to very stiff. These upper soils
were mostly damp or moist, except for wet seams found in Borings B-2 and B-3 at depths of 13 and
11 feet, respective]y_.
11.2.2 Lower Soil Deposits

The remaining lower part of the soil zone consisted predominantly of gray silty clay or
clayey silt. Where sampled, these fine grained soils were typically stiff or very stiff. Exceptions
were found in Boring B-4 where the so1l was medium stiff in the 8.5 10 10.0 and 13.5 to 15.5 foot

A samph'ng intervals, and in Boring B-2 where the soil samples below 58.5 feet depth had a slight

sha]ey structure, and were hard. The soil was damp to moist, except in Boring B-3 where a
saturated seam was penetrated between 54.0 and 58.0 feet depth. The gray silt/clay soils extended to
depths of 38.0 and 58.0 feet (elevations 672 and 655) in Borings B-1 and B-3, respectively. Borings
B-2 and B-4 were terminated in the soil stratum at depths of 70.0 and 30.5 feet (elevations 639 and
669), respectively.
11.2.3 Shale Stratum

The combined subsurface data of the two studies by Messmore/Timmerman Sevices, Inc.,
and the ODOT investigation indicate that the shale surface can be defined as a north-south trending

narrow ridge located at or near the steep slope face along the western side of the railroad; with the
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shale surface both to the west and east lying at a significantly lower elevation. The elevation of the
probable "ridge top" appears to be fairly constant in the vicinity of the State Route 82 bridge, and
decreases to the south. Shale surface elevations, as determined from the various referenced
investigations, are shown on the attached Location Plan. Where testing was terminated without
encountering the shale, the testing termination elevation is given.

The shale ridge is visible as an outcrop on the steep slope along the railroad, beginning about 100
feet south of the bridge, and continuing to the north beyond the area under investigation. The top of
the outcrop is at approximately 695 elevation. Based on the ODOT boring data, the shale surface in
the vicinity of the bridge drops sharply to 668 elevation within a 30 to 40 feet distance to the west of
the outcrop (steep slope face), with the rock elevation continuing to drop gently to 658 over the next
70 to 80 feet.

The presence of the ridge is also evident in the vicinity of Penetration P-2 in the southemn part of the
project area. The shale was apparently encountered at elevation 659 at P-2, with the shale being at
lower elevations both to the east and west in Penetrations P-1 and P-3. The ridge at this location,
however, 1s beneath 10 feet of soil overburden; and at least 13 feet of overburden is present in
Penetration P-4 which is located along the probable ridge alignment, approximately 80 feet north of

pP-2.

Beginning under the silt/clay soils in Borings B-1 and B-3, and continuing to the boring
termination depths of 48.8 and 65.0 feet, was gray, severely weathered or weathered shale. The
shale was compact in the sampling intervals, and was dry or damp except for a 1 inch thick wet
seam in Boring B-1 at 44.0 feet depth. Shale and siltstone was present in Boring B-3 in the 58.8 to

60.0 feet sampling interval.

11-6



11.2.4 Groundwater

Upon completion of drilling and sampling, and removal of the augers from the ground, water
was present in Boring B-2 and B-3 test holes at depths of 11.5 and 50.0 feet, with the other two
boreholes being dry. Probing indicated that the holes had remained open to depths ranging from
13.5 to 63.5 feet below the ground surface. Free groundwater was initially encountered during
drilling at depths of 13.0 and 11.0 feet in B-2 énd B-3, as well as in the thin wet seam in B-4 at a
depth of 44.0 feet.

Water level readings were taken again in Borings B-2 and B-3 at 41 and 18 hours following
completion of drilling, respectively.VWater was found in B-2 borehole at 9.8 feet depth, with the
hole having collapsed at 10.0 feet; and at 4.5 feet in a 5.0 feet deep hole in B-3. Based on the
groundwater observations made during and following drilling at the two locations, and the moisture
contents of the collected samples, the water present appeared to have entered the hqles from the wet
seams penetrated at 13 and 11 feet depths; and became trapped and rose 1n the borcholes upon hoic

collapse.

11.3  Problem Description

The side slope of the embankment to the west of CVNRA train tracks undemneath State
Route 82 was unstable and in a need for support to preserve the foundation of the bridge and to
control the erosion of the surface soil and blockage of the train tracks. Moreover, several types of
slope movement are evident within the project area, including surface erosion, relatively shallow
block movements, and deep seated movements. Significant slope movements have occurred within

northern and southern limits of the project area as defined above, and for distances of 200 to 300
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feet to the west of the railroad. Evidence of minor slope movements can also be seen to the south of
the investigation area.

Surface erosion has been generally limited to the lower, steep slope adjacent to the railroad.
Shallow block movements or slumps have occurred throughout the project area, and evidence of
deep seated movements are present along the higher elevation, western side of the area. On the
steep slope along the western side (west of the State Route 82 main bridge abutment), there appears
to be a scarp or scarp system resulting from deep seated earth movement(s).

Attempts by ODOT to stabilize the upper slope within the right-of-way of the bridge by
placing large stone rip-rap, bound with reinforced concrete on the ground surface, has not been
successful in stopping the movements. |

Computer analysis of the stability of the general project area using laboratory determined
and assumed engineering properties of the subsoils indicates that large portions of the area are only
marginally stable; i.e., the factor of safety against both shallow and deep seated earth movement 1s
low. However, due to the vanability in the subsurface conditions, no speqiﬁc predictable mode of
potential slope movement, having a well defined factor of safety against failure, could be
established. This lack of predictability is consistent with the site observations that many local
movements are occurring throughout the area.

It is likely that water is the primary reason for the continued erosion and shallow slope
movements. Thus, it was suggested that provision of some form of positive control of both surface
runoff and shallow subsurface water would significantly reduce the surface erosion and shallow
earth movemen}s. However, such water control would probably not improve the factor of safety

against deep-seated movements.
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each anchor location into the soil and penetrated 3 feet into the shale to prevent the anchor hole
from collapsing, and to act as a support for the jacking during tensioning of the rock anchors.

The design load for the lower tier wall rock anchors was 110 kips, except anchors 14A, 15A,
and 16A where the load was 88 kips. Four 7 wire strands were used in each of these anchors. A five-
inch diameter casing was driven through the strut opening at each anchor location into the soil and
penetrated 3 feet into the shale to prevent the anchor hole from collapsing, and to act as a support
for the jacking during tensioning of the rock anchors. In the lower tier wall, the casing was used in
the upper row of anchors only, because of the fact that the bedrock was very close to the piles, and

the hole for the anchor will not collapse.
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Table 2.1: Detailed information about soldier piles and anchors (Cont’d).
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CHAPTER 111
INSTRUMENTATION/MONITORING PROGRAM

111.1  INTRODUCTION

Instrumentation and monitoring of the behavior of the tieback walls used to
stabilize the slope was necessary in order to measure the actual stresses and deformations
of the stabilized structure and the stabilizing elements, and to further understand the
behavior of tieback wall structures. The instrumentation designed for this project was
based on questions raised during the design about the behavior of each of the tiebackwall
elements and the supported slope. Instruments were installed in the slope, on the soldier
piles, and on the rock anchors. The plan of the entire stabilizing system and lh.c locations

of the instrumented elements are shown in Fig. 3.1.

III.2v INSTRUMENTATION PLANS

The ﬁlan of the instrumented structural elemAents is shown in Fig. 3.1. The
instrumentation includes four soldier piles each with 16 vibrating wire strain gages and an
inclinometer. Two of those soldier piles are in the upper tier wall (soldier piles #30 and
#31) énd two in the lower tier (soldier piles #11 and #12). The strain gages were welded
to the piles at 8 locations, 2 gages per location on both sides of the beam as shown in Fig.
3.2 for the upper tier wall and Fig. 3.3 for the lower tier wall. An inclinometer tube was

attached to each of the four soldier piles to monitor the deflection of the piles.
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Moreover, the rock anchors installed in the soldier pile #11 and #30 were
instrumented each with 3 vibrating wire strand gages and a load cell at the anchor head.
Additionally, the middle anchor in pile #31 was instrumented with the strand gages only.

Three earth inclinometers were installed in the slope prior to beginning of
construction, as part of the instrumentation program, to monitor the movement of the
slope. A vibrating wire piezometer was installed in the slope to monitor the ground water
elevation. Details of these instruments are discussed in the following sections of this

report. The plan locations of those inclinometers and the piezometer are shown in Fig.

3.4.

111.2  SLOPE MOVEMENT MONITORING

The movement of the slope was monitored by The University of Akron prior to
the beginning of the construction. Three earth inclinometers were insla]l_ed to depths of
100°, 90°, and 85’ below ground elevation between the bridge piers as shown in Fig. 3.4
to enable monitoring of the movement in the slope during and after construction. These
inclinometers were successfully installed and read bi-weekly since 2/16/1999. The data
and explanations of the movement were submitted to ODOT and CVNRA engin.eers for
review on regular basis. The detailed plots of these 3 inclinometer readings are presented
in chapter IV. In addition, a vibrating wire piezometer (Geokon Model 4500) was
installed in a borehole 3 feet to the west of inclinometer #1 at a depth of 47 feet below

ground surface to monitor the ground water elevation in the slope as shown in Fig. 3.4.
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111.3 TIEBACK STRUCTURE BEHAVIOR
The study of the behavior of the tieback walls used to support the slope required
instrumentation of some elements of the tieback wall. Detailed information about each

instrumented structure 1s summarized below.-

111.3.1 Soldier Piles

Four soldier piles were instrumented, each with 16 vibrating wire strain gages
(Geokon, model VSM 4000). Two gages were used at each elevation, one on each side of
the pile as shown in Figs. 3.5 and 3.6 for piles #11 and #12 in the lower tier, respectively.
Figs. 3.7 and 3.8 show the location of the gages on piles #30 and #31 in the upper tier
wall, respectively. The detailed locations of these instrumented piles are shown in Fig.
3.1. In addition, Fig. 3.9 to Fig. 3.13 show the pictures of gages attached to these piles.
The gages were read manually during construction period. After construction \\'us‘
completed, the Geokon model 8020 datalogger was installed on site and all the gages

were connected. Since 8/31/99, continuous collection of the data was done.

I11.3.3 Ground Anchors

| A total of eight ground anchors were instrumented. Tow ground anchors were
instrumented for the failure tests and six were instrumented for long term monitoring of
the stresses and force in the production anchors. The anchors were inciined at 45 degrees
from the horizontal axis in the upper tier and 15 degrees in the lower tier. The failure test
anchors were installed and tested before the beginning of the construction of the

production anchors. Anchors #11-A and #11-B are on soldier pile #11. Anchors #30-A,
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#30-B, and #30-C are on soldier pile #30. Anchor #31-B is on soldier pile #31. Figs. 3.5
and 3.7 show the approximate location of these anchors. All instrumented anchors were
each instrumented with three strand meters (Geokon, model 4410) and a vibrating wire
load cell (Geokon, model 4900-4-300) with 300 Kips capacity as shown in Fig. 3.14. The
construction procedure, installation of the strand gages, and testing is illustrated in

pictures shown in Figs. 3.15 to 3.24.

1114 INSTRUMENTATION INSTALLATION DETAILS
I11.4.1 Sequence of Installation

The installation of the instruments were carrted out throughout the duration of the
entire construction stage. A time-line plot showing the construction progress is shown in
Fig. 3.25. The earth inclinometers and the piezometer were the first to be installed in the
first week of February 1999, as depicied in Figs. 3.26 through Fig. 3.29. The soldier piles
were next instrumented in the second week of February 1999. The gages were welded
onto HP14x73 soldier piles #30 and #31 on 2/11/99, and the inclinometers were mounted
to the soldier piles on 2/18/99 during lowering of the piles in the holes. The inclinometers
were extended 15 feet below the bottom of the soldier piles to monitor if there is any
movement at the bottom of the pile. The inclinometers were installed in 10 feet segments
during lowenng of ihe soldier pile and were left 10’ shorter than the soldier piles to
protect them from damage due to construction activities. The top 10 feet were added after
completion of installation of all anchors.

Installation of soldier piles for the lower tier started on the week of 2/23/99.

Lower tier soldier piles #11 and #12 were instrumented on 2/23/99. Each of the two piles
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was instrumented with 16 vibrating wire strain gages that were welded to the pile at 8
locations as shown in Figs. 3.5 and 3.6. The holes for the instrumented piles were drilled
15 feet deeper for the extension of the inclinometer below the bottom of the pile. The
inclinometer tubes were assembled and attached to the pile during lowering in the hole.
Soldier pile #12 was installed on 2/23/99. Soldier pile #11 was installed on 2/24/99. The
strain gage installation, the inclinometer installation, and the pile installation are
documented in a series of pictures as shown in Figs. 3.29 to 3.37.

The hole for the lower tier failure test anchor was drilled on 2/10/99, and it was
filled with water. The anchor tendon was instrumented, lowered in the hole and grouted
on 2/18/99. The drilling for the upper tier failure test was done on 2/25/99. The hole was
filled with water till 3/4/99 when the anchor tendon was instrumented,‘ lowered and
grouted. A series of pictures documenting these activities are presented in Figs. 3.38 to
3.41. The upper tier failure test was conducted on 3/11/99. The setup for the test and
testing process are documented in pictures shown in Figs. 3.42 and 3.44. The lower tier
failure test was conducted on 3/15/99. Setup and testing are shown in Figs. 3.44 and 3.45.

The installation of the production anchors starte& on 4/2/99. Instrumentation of
anchor #11-B (lower row in the lower tier) was done on 4/14/99. The hole was drilled, the
anchor was installed, and grouted on 4/16/99. Fig. 3.46 show the instrumetation of the
tendon. Instrumentation, drilling, installation and grouting of anchors #30-B and #31-B
(middle row in the upper tier) was done on 4/21/99. On 4/28/99, performance tests were
done on anchors #30-B and 31-B as shown in pictures presented in Figs. 3.47 through
3.50. Dﬁring the week of .5/3/99, row B anchors in the lower tier were stressed. On

5/7/99, instrumented anchor #11-B was performance tested as shown in Fig. 3.51.
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On the week of 5/7 to 5/13/99, 3 feet wide trenches were dug to access the lower
row of anchors in the upper tier (row C) as shown in Fig. 3.52. On 5/13/99, anchors #30-
C and #11-A were instrumented. During the period from 5/17 to 5/21/99, the casing for
upper row of anchors in the lower tier was installed and drilled as shown in Fig. 3.53.
Also, the temporary lagging was installed in the upper tier wall area between the soldier
piles to support the excavation as shown in Fig. 3.54.

During the week of 5/24 to 5/28/99, drilling, installation, and grouting of anchors
in the upper row. of the lower tier (row A) were done. Also, stressing of row C in the
upper tier was done in the same week. Performance test of instrumented anchor #30-C
was done on 5/24/99 as shown in Fig. 3.55. The precast panels installation started on
5/24/99. The drainage blanket was installed behind the panels, as shown in Figs. 3.56 and
3.57.

During the first week of June 99, precast panels were installed up to the elevation
which 1s 10 feet from the top of the soldier piles in the lower tier wall, and the drainage
blanket was installed behind the wall as shown in Fig. 3.57. Stressing of the upper row of
the anchors in the lower tier (row A) was done during the week of 6/7/99. Instrumented
anchor #11-A was performance tested on 6/7/99. During the period from 6/7 to 6/11/99,
tensioning of the anchors in the lower tier wall was completed. Concurrently, the upper
tier wall precast panel installation was going on.

During the week of 6/14 to 6/28/99, the contactor was grading and cleaning up the
lower tier area. The upper row of anchors in the upper tier wall (row A) were drilled,
installed and grouted. Instrumentation of anchor #30-A was done on 6/18/99. When they

drilled the hole, it came out deeper than the ordered anchor length. A longer anchor was
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ordered. The instrumentation was redone on 6/30/99. Anchor #30-A was proof tested on
7/8/99. Anchor testing of row A in the upper tier wall was done on 7/9/99. The wooden
mats in front of the lower tier wall were removed on 7/8 and 7/9/99.

During the week of 7/12 to 7/16/99, the wires from the strain gages were run to
the concrete boxes installed to house the data collection devices as shown in F;gs. 3.58
and 3.59. Installation of the anchor caps and post grouting of all anchor heads was done -
during the same week as shown in Fig. 3.60. On 7/20/99, grading was done and the
construction was completed.

During the period from 8/9/99 to 8/30/99, the gage cables were grouped and
connected to the_mu]tiplexers. A four feet corrugated PVC pipe was run from the lower
tier collection concrete box to the upper tier concrete collection box. The pipe was
installed to protéct the cable connecting the multiplexers in the lower tier box to the
datalogger 1nstalled in the upper tier box. The wiring of all sensors to the dutalogger was

completed on 8/30/99 and the collection of the data on a half-an-hour interval was started

on 8/31/99. Figs. 3.58 and 3.59 show these activities.

I11.4.2 Techniques of Installing Instruments and Monitoring

The state-of-the-art techniques were used in the installation of the instruments.
The instruments consist of vibrating wire sensors that are considered to be the most
reliable long-term monitoring gages. The vibrating wire based peizomgter installtion was
done by drilling the hole to the layer were the water was encountered (47" deep from
ground elevation at 712). The piezometer was installed at a depth of 42°. The hole was

backfilled with clean fine sand to a point 6” below the peizometer tip. The piezometer
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was encapsulated in a canvas cloth bag containing clean, saturated sand and then lowered
Into position as shown in Figs. 3.61 and 3.62. While holding the piezometer in position (
a mark was done on the cable to track the right depth), clean sand was placed around the
piezometer and to a point 6 inches above it. The borehole was then sealed with
impermeable bentonite cement grout mix to the ground surface.

The gages for the soldier piles were mounted to the end blocks (Geokon, Model
VSM-4000; RocTest, Model SM-5A). The end blocks were welded first, then the gages
were attached and calibrated. The gages were then covered with a steel protection cover
to safeguard them during construction and backfill, as shown in Figs. 3.9 through 3.13.

Rock anchor gages were vibrating wire strand type gages (Geokon, Model 4410).
At the day of installation, the gages were mounted to the 7-wire strand following the
installation procedure recommended by the manufacturer. The installation started by
mounting one end block to the strand. After that, the second end block is mounted loose,
and the spacer bar is used to have exact distance between the blocks to be equal to the
length of the gage and the end block was then tightened. Next, the grease tube is put
between the blocks and the gage was inserted and the screws were tightened at the end
that is to the side of the wire. A screw was screwed to the other end and the gage wire
was hooked to the readout device to calibrate it. The screw was pulled till the gages
reading is close to the required reading at the time of installation. When the reading was
reached, the tiny screws on the other end block were tightened. A waterproof tape was
wrapped around the end blocks to prevent grout from entering the gage. Then, grease was
pumped through the grease fit into the pipe and the installation was complete. The gages

were read after the contractor lowered the tendon in the hole, to make sure that the gages
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were working fine. The procedure is documented in the pictures shown in Figs. 3.19 to
3.21. The gages were installed at the following locations: 4’, 8, and 12’ from the bottom
end of tendon. At each instrumented anchor head, a 300 Kips capacity vibrating wire 4-
gage load cell was mounted to measure the anchor force during testing and long-term
monitoring. The anchor head assembly is shown in Fig. 3.14 and a picture showing the

details is presented in Fig. 3.63.

III.4 DATA ACQUISITION PLANS

The data collection was done by using the Geokon Model 6020 data acquisition
systems. The sensors were first hooked to the multiplexers, and then the multiplexers
were connected to the main data acquisition box. The time interval for data collection was
10 minutes for the first 7 days, 30 minutes for two weeks, and one hour afterwards. After
completion of the tieback construction, all the gages from the soldier piles, the rock
anchors, and the load cells were connected to the data acquisition system. A total of 95
gages were hooked to the data acquisition (64 from the soldier piles, 19 from load cells,
and 12 from anchor gages). The permanent location for the data acquisition is inside a
concrete box in the upper tier area. All gage cables from the lower tier instruments were
routed to the collection concrete box in the lower tier bench, were it was connected to the
multiplexers. The cables from the multiplexers were run to the upper tier collection box
where the datalogger was installed. The pictures showing the final location and the

collection boxes are presented in Figs. 3.64 and 3.65.
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Fig 3.9: Vibrating wire gage been welded to the soldier pile.
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Fig 3.10: Vibrating wire gage been calibrated after installation.
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Fig 3.12: Protection C bracket been welded to protect the gage.
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Fig 3.13: Soldier pile instrumented and ready to be moved to the hole.

[II-22




Steel plates

300 Kips
VW load (%

Soldier
Pile

- Vibrating wire
strand gages

Fig. 3.14: Details of anchor instrumentation and final setup.
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Fig 3.15: Anchors coiled and casing used in the construction.
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Fig 3.16: Rock anchor hole drilling.
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Fig 3.18: Anchor hole drilled and casing installed.
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Fig 3.19: Strand gage being installed on the 7-wire strand.
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Fig 3.20: Strand gage being installed on the 7-wire strand and calibrated.

IH-29



Fig 3.21: Strand gage being installed on the 7-wire strand and greased.
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Fig 3.23: Anchor testing undergoing.
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Event Sequential Number
12 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19

0
(01/10/99) HI R L R
Co o I oo
30 - ' yooa ' f ‘
-I-I + L} : 1] 1 : l ’ 1] ] : + :
N -t 1 [} Ll l [} L} 1 4 1
60 Ll + . 1 + 1 ] 1] L} . L 1 ]
Tt Vo
--l ’ 1 1 . [} 1 L} L} [}
wr '
2. %0 A
S S
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o i ‘ f Vo ' ] . [ ’
—_ -3 ! [ [ T
:'150 1 1] 1] L} 1 1 ’ 1 1]
s R
3 F . Voo
= 180 ' o
'G -r- - . 1 1 [
: TT7:
210 _
= r .
)
240
270
300

Event Event Description
1 Establishment of upper and lower benches for soldier pile installation
2 Earth inclinometers and piezometer installation
3 Installation of upper tier soldier piles
4 Installation of lower tier soldier piles
5 Upper tier failure test
6 - | Lower tier failure test
7 Rock anchor installation and testing was started
8 Installation of precast panels for lower tier was started
9 Start installation of precast panels for upper tier
10 Rock anchor installation and testing was completed for lower tier
11 Installation of precast panels for lower tier was completed
12 Finish tensioning of rock anchors for upper tier wall
13 Start of backfilling the lower tier wall to the proposed final grade
14 Installing the concrete boxes to house the instrumentation wire and the datalogger
15 Start rough grading the upper tier wall area
16 Rough grading the lower tier was completed
17 Installing post grout, anchor caps, and complete project
18 Start wirtng gages to the multiplexers
19 Finish wiring gages and connect the datalogger for long-term monitoring

Figure 3.25 Start time schedule for major construction events.
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Fig 3.26: Drilling operation for the earth inclinometers
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Fig 3.34: The soldier 