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Joseph Seif, P.E., Phd., Project Manager

Ohio Department of Transportation, District 12
5500 Transportation Boulevard

Garfield Heights, Ohio 44125

RE: PID 77332, CUY-90-14.52
Disposition of Comments for Slope Stability Evaluation Report

Dear Joseph:

Enclosed please find three copies of the disposition of the comments and revised components of
the Slope Stability Evaluation Report. The disposition addresses ODOT and FHWA comments
presented to the Baker team via letter dated October 13, 2006 and November 2, 2006. No
changes were made to the individual sections of the Slope Stability Evaluation Report, which
were performed by multiple Baker Team consultants; however, the Executive Summary has been
rewritten to address ODOT and FHWA comments. Please replace the existing executive
summary, cover, and spine in the Slope Stability Evaluation Report with this updated version.

If there are any questions or if you would like additional clarification, please do not hesitate to
contact me at (216) 776-6614.

Sincerely,

MICHAEL BAKER JR., INC.

Robért B. Parker
Project Manager

Enclosures:
Slope Stability Report Disposition of Comments
Slope Stability Report Executive Summary, Cover and Spine

cc: Eugene C. Gieger, PE, ODOT Central Office
Timothy Keller, PE, ODOT Central Office (Two Copies of the report)
Scott Phinney, P.E., ODOT Central Office (letter and disposition of comments only)
Rick Engel, P.E., E.L. Robinson
Steve Pasternack, Ph.D., P.E., BBC&M

ChallengeUs.
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Executive Summary

The Central Viaduct west bank slope was evaluated by three firms: BBC&M, E.L.
Robinson Engineering and Geocomp. The firms worked independently, in the context
that the work was performed in three different offices with different methods of analysis.
The three independent approaches were supplemented with collaboration on the
important parameters that were anticipated to influence slope stability evaluation. The
collaboration included periodic exchange of analysis results and two project team
coordination meetings, including Baker, Richland, BBC&M, E.L. Robinson, and
Geocomp. The results of the independent studies were discussed, including discrepancies
between various studies, conclusions, and recommendations.

Each of the three firms utilized an internal quality control protocol to ensure a quality
slope stability analysis. The above inter-firm exchange was established to provide
quality assurance to the analysis process through independent review and external peer
review. The team is confident in the results of the slope stability analysis because the
overall results and conclusions drawn by the three independent teams are reasonably
similar.

Below is a list of preliminary discussion topics that contain the present position of the
Baker Team:

1. The analyses show that the present slope north of the existing bridge has a factor
of safety against slope failure ranging from 1.06 to 1.09.

2. Though the current factor of safety is above 1.0, slope creep has been documented
by inclinometers and can be expected to continue, if the slope is not excavated
and graded to reduce the steepness of the slope.

3. Preliminary analyses indicate that removing the building on the top of the slope
increases the factor of safety to about 1.25 and removing soil from the slope can
produce a factor of safety near 1.5.

4. For practical purposes, slopes with a factor of safety greater than 1.5 tend to have
minimal movement; however, since there is very limited field measurement at the
proposed bridge site, potential creep movements are still considered a concern.

5. Sufficient displacement has occurred along the most critical failure planes that the
soils have reached their residual strength (lower bound). Further reduction in the
effective stress strength parameters by mechanisms such as creep are not likely.

6. Shear strength parameters of the material in this slope are complex but they have
been reasonably established with values that make sense, are consistent across
two laboratories and follow recognized aspects of soil behavior for
overconsolidated materials.
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12.

Shear strength is reduced by increasing pore pressures. There is evidence that
high piezometric pressures exist, due to trapped natural gas pockets in the slope
and even artisan pressures (water level higher than the ground surface) exist at
some locations within the slope. Since the potential changes of pore pressure are
unpredictable, monitoring the pore pressures in the slope are recommended for
final design.

Aside from the potential for trapped natural gas pockets, there is no reason to
expect a sudden increase in pore pressure of the magnitude mentioned in the
report. Consequently, should a monitoring system indicate that pore pressures in
the slope are increasing beyond those used for the design, sufficient time should
be available to mobilize and complete remedial work before the bridge pier would
be affected. Monitoring of pore pressures will continue and installation of
horizontal drains will be performed if the pore pressure head approaches 650'.
Even at a pore pressure head of 650' the factor of safety would be 1.5 which is the
recommended factor of safety for this slope. The current piezometric and phreatic
pressures will be better defined through additional monitoring. The anticipated
pore pressures will be modeled for the proposed slope remediation. In the unlikely
event that future slope movement occurs after remediation, the movement should
be slow enough to allow time for remediation isolation measures to be
implemented.

By removing soil from parts of the existing west bank slope, preliminary analyses
indicate that the slope can be stabilized sufficiently to allow for construction of a
new pier on the slope. Improvement of the slope factor of safety to acceptable
levels will minimize risks to the proposed structure foundation but may not rule
out the potential for creep movements; therefore, long term monitoring of slope
movements is recommended to provide ODOT with advanced knowledge of
potentially adverse situations and allow time for implementation of any required
remediation measures.

The stability of the existing structure should be evaluated in concert with the final
design for the new structure. We recommend that the entire slope from the north
end to the south end of the DOT right-of-way be evaluated.

Removal of material from the slope will likely require many of the existing
utilities to be relocated.

Lightweight fill such as styrofoam may be used to elevate the surface of the
unloaded slope if required for purposes such as maintaining University Ave., at its
present level or on relocated alignment and profile.

12/8/2006
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13. The potential for a shallow slope failure may exist at the southern end of W. 15"

Street, just north of Fairfield Ave. Depending on the future use of this property,
a more detailed analysis of the area may be required.

Based on these discussions points, the following course of action is suggested:

1. Unload portions of the slope to increase overall slope stability. Preliminary

analyses show a 7 H:1V cut beginning along the north edge of Abbey Avenue
would significantly increase the factor of safety and correspondingly reduce the
anticipated creep. Unloading the existing slope is recommended regardless of the
proposed location of the pier. The final grading scheme to unload the slope
should be determined after the selection of the preferred structure type, and in
concert with the determination of University Avenue disposition, and potential
locations of the towpath trail. This solution is considered feasible on the basis of
current information available and analyses performed; other viable solutions will
be investigated, if appropriate, based on future geotechnical information,
analyses, and design considerations.

The proposed pier should be constructed in the slope, near the location of the
existing pier, but not closer than 100 feet to the existing river revetment wall. This
buffer of approximately 100 feet is recommended to provide an area for
construction of the revetment wall which has tiebacks as a component of the
wall’s support system. This will allow the revetment wall to be designed
independently of the bridge pier. The revetment wall is located at the toe of the
slope adjacent to the Cuyahoga River.

The use of horizontal drains (to lower groundwater and reduce pore pressure) and
vertical drains (to relieve gas pressures) has been explored in this report. While
drains have some technical merit as a secondary remediation method, the long
term effectiveness of both types is questionable. Therefore, the use of either
horizontal or vertical drains is not recommended. If during the monitoring of the
slope it is determined these drains are needed, they can be installed in a
subsequent contract.

A long-term performance monitoring system is recommended as part of the
design to identify any undesirable movements in the slope so that appropriate
remedial actions can be developed, if required, before the structure is negatively
impacted. This monitoring plan will be included in the bridge design phase of the
project.

Once the final grading scheme is determined, as discussed above, a slope stability
analysis should be performed on five specific cross sections. The exact location of
the cross sections to be analyzed will be determined collaboratively between the
design team and ODOT.

12/8/2006
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5. Based on the proposed reconfiguration of the Abbey/W. 14™ Street interchange,
the area at the south end of W. 15% Street, north of Fairfield, should be further

investigated for stability.

12/8/2006
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Disposition of the CUY-90-14.92 Draft Slope Stability Analysis Review Comments
Review comments were received from ODOT District 2 on July 10, 2006.

1. Comment, The stated goal of this work is to estimate the extent of current or future
creep related movement of the hillside and provide recommendations on pier
location. The extent of current or future movements is not well documented or
summarized.

Response. The current movement to date of the existing slope under the existing
bridge has been evaluated and we conclude from the instrumentation readings (see
inclinometer B-110 plots in chapter 5 of the final report), that the current rate of
movement can be interpreted to be 0.08 inches per year at the shallow slip plane
(25 to 30 feet below ground) due to the failure of the sheet pile retaining wall, and
0.01 inch/year at the deep slip plane (approximately 120° below ground). The
current movement to date of the existing slope along Section A-A can only be
related to inclinometers B-110 and B-107x. We have evaluated this information and
as can be concluded from the instrumentation readings of the inclinometer plots in
Chapter 5, very little movement is present at this section.

Based on the inclinometer data collected since 1994, the extent of the movement
excluding the construction related movement is to the south of the area where
inclinometer B-108 is located. The data collected from inclinometer B-110 at the
deep slip plane (~120 feet) showed less than 0.03 inches in 5 years. This is not a
concern.

The pier can be located anywhere in the slope, taking into consideration the
recommended grading and improvement measures to the slope, except within 100 ft
of the river revetment.

The inclinometer plots presented in chapter 5 of E.L. Robinson report show details
of the rates of movement at each plane. A summary of the horizontal movement at
various depths in the inclinometers is presented in Table 5.1 of the report. The
expected future movement at Section A-A, as seen from the existing B-110, B-108,
and B107 inclinometers, will be negligible, as the only movement in these
inclinometers took place during construction of the stabilization structure for Pier |
of the existing 1-90 bridge. The future rate extrapolated from the current rate of
movement is about 0.01 inches per year, provided no changes are made to the
existing slope and the existing stabilization measures remain effective. As can be
seen in the review of the long term monitoring data from the inclinometers installed
around the existing bridge and close to the alignment of the proposed structure,
there is very little evidence of any creep movement. The movement measured in
some of the inclinometers is due to the construction activities for the stabilization
structure for Pier 1 of the existing bridge. The movement recorded in B-108 at
shallow depths was due the failure of the sheet pile wall along the river bank.

9/18/2006
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2. Comment, A substructure design criteria must be a part of the recommendations in

98]

the report. We understand that at the present time the structure type and size has not
been established and therefore the location of the pier can vary substantially within
the slope. A load-displacement design criteria, with or without isolation of the pier
foundation depending on the location of the substructure within the slope, would
suffice.

Response: Based on the analysis presented in the final report, we believe that the
substructure units located between Abbey Avenue and the Cuyahoga River can be
designed for traditional at-rest earth pressures. Special design requirements are
not anticipated.

Comment Baker’s Executive Summary, page 2, Item #9, discusses an evaluation
of the stability of the existing structure in concert with the design of the new
structure. It should be clarified that the new bridge, proposed future EB bridge, and
existing bridge must all be evaluated. The future construction of an EB bridge
which may need to include excavation of the slope might encroach upon the
existing bridge and/or affect its stability At what stage will this analysis be
performed?

Response. As part of the report prepared by ELR, the stability of the existing
bridge was briefly studied. Two cross sections, one along the centerline of the
existing bridge and one south of the existing bridge were analyzed. The critical
section for the slope beneath the existing bridge is downslope in the direction of the
bridge. The proposed grading will not affect the downslope factor of safety for the
existing bridge. The proposed grading for the new bridge will create side slopes
where the potential sliding planes will be orthogonal to the existing critical sliding
planes. Final design must include consideration of the stability of these slopes and
the design adapted to give a minimum factor of safety of at least 1.5 for these slopes
as well. Horizontal and vertical drains should be placed in the slope under the
existing structure. The influence of the change of slope geometry on the stability of
the existing bridge will be further addressed in the Structure Type Study phase
when a specific bridge span arrangement is proposed.

Comment Based on comments from several readers of the draft report, an
explanation is needed as to why the stabilization effort is the same regardless of pier
location, and that there is no preferred pier location. A statement that loading from
the new bridge will need to bear below the failure surfaces and that therefore no
loading from the bridge would contribute to driving the landslide would be helpful.

Response: The proposed grading will improve the stability of the slope and provide
a safety factor greater than 1.5. The location of the substructure units between
Abbey Avenue and the river will be checked to make sure that the design of the new
substructure units will not reduce the safety factor of the slope. We anticipate that

9/18/2006



Sope Sy Anlyes @R CENTRALVIADUCT Y

OHIO DEPARTMENT OF TRANSPORTATION

the proposed structure will be supported by relatively deep foundations so that the
stability of the slope will not be a concern. The foundations will most likely
penetrate below the weakest slip plane and into rock.

5 Comment The BBC&M report, page 19, states that proposed bridge foundations
should be founded south of Abbey Avenue and therefore contradicts the
recommendations summarized by Baker. Should the BBC&M statement be
revisited in light of the proposed remediation measures for the proposed alignment?

Response: While reference to founding the proposed foundations south of Abbey
remains in BBC&M's report, this statement quotes a previous Bridge Alignment
Report dated September 26, 2005. Based on the information presented throughout
this report, the piers can be founded anywhere in the west bank, except within 100
feet of the river bank.

6. Comment The BBC&M report, page 39, states that the average creep rate in
inclinometer B-110 is 0.15 inches per year. Data from the Monitoring Services
Annual Report shows that inclinometer had 0.45 inches of movement for the
shallow slide plane over the 10-year history, or an average of 0.045 inches per year.
Since 2004, the rate of movement is about 0.03 inches per year for the shallow slide
plane. For the deep failure plane, the average rate over ten years is 0.012 inches per
year and since 2004 it has been 0.005 inches per year.

The trend of decreasing rates of movement are typical for the inclinometers at the
site as rates of movement are decreasing as the effects of the slope disturbance that
occurred during construction of the stabilization structure wane and the stabilization
structure takes increasingly more load. Reporting values derived by linear
regression appear to not be appropriate, as the reader should be made aware of the
nonlinear trend of decreasing rates of movement, as is done in Chapter 5 of the E.L.
Robinson report on the stabilization system for the existing bridge.

Response. The rate of movement (0.15 in/yr) provided in the BBC&M report, page
39, was taken from Table la of the 2005-2006 annual monitoring report. The value
of 0.15 in/yr was determined by summing the displacement from 7 to 25 feet, 25 to
31 feet and 43 to 47 feet (see displacement time history plot for B-110 of the 2005-
2006 annual monitoring report). This was done to quantify the total displacement
as is shown in the B-110 displacement figure below.

9/18/2006
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Stating the rate of movement of 0.15 in/yr may be misleading as it includes
displacement along at least two slip planes and indicates cantilever deflection.
However, it was done in an attempt to quantify the total relative shallow movement
observed in inclinometer B-110. Presenting the relative displacement between the
ground surface and a depth of 47 feet is more relevant than simply presenting the
displacement along one slip plane as all of this shallow movement would be
transferred to a pier if it were placed in the vicinity of inclinometer B-110.

However, the reviewer presents a very good point and is exactly correct about
many of the inclinometers indicating a trend of decreasing creep rates. After the
stabilization structure construction activities, most of the inclinometers indicate a
significant increase in the creep rate. At this point in time, a new primary creep
phase was initiated in the soil mass. As discussed in the third paragraph of
BBC&M'’s report, section 4.4, and illustrated in Figure 13a, upon change of stress
conditions sufficient fo initiate creep, the primary creep phase begins. During this
phase, the initially high creep rate decreases continuously. The secondary creep
phase initiated when a nearly constant creep rate has developed. BBC&M agrees
that using linear average value of creep may be inappropriate for some of the
inclinometers as it appears that many of the inclinometers are transitioning from a

9/18/2006
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primary creep phase to a secondary phase, or already in secondary creep. Tables
la and 1b of the most recent annual monitoring report describe over what period
the linear creep rate is assumed. In general, the time period over which a linear
trend is being used is realistic. Due to error in inclinometer readings, transitions
from linear to non-linear trend, or changing the time frame associated with a linear
trend is likely not justified in most of the inclinometers. A description of this
methodology is provided in the annual report and has been reprinted below for
clarification:

“The rates of movement were computed using linear regression for the depth
ranges shown on the Time-Displacement plots in the Appendix. Linear
regression provided a best-fit match through the data points on each of the
time-displacement curves. The time period for the linear regression was
chosen based on a visual observation of each curve at the time when the rate
was believed to have last changed significantly. For each analyzed slide
plane the 95% confidence interval of regression falls within the range of the
expected precision of the inclinometer measurements (about 0.2 inches per
100 ft). Therefore it is the opinion of BBC&M that rates of movements have
remained relatively constant (with only slight changes subsequently
discussed) over the selected time ranges, the shortest of which is 4 ¥: years for
B-204. A plot of the linear regression and the 95% confidence interval is
provided for B-303 in the Appendix.”

The Bullet point conclusion on page 39 has been clarified.

7 Comment The BBC&M report, page 38, bullet #2, states that an unrehabilitated
slope will have constant or accelerating creep movements. The available
information on the site geology, subsurface information, and instrumentation do not
support this statement. The evidence supports a conclusion that continuing
movements can be expected. This report is to be specifically about the proposed
north alignment, which can be rehabilitated, and factors like slope loading, slope
geometry, pore pressures can be reasonably controlled, and shear strengths can’t be
further reduced below residual strengths. Thus this statement is irrelevant for a
rehabilitated slope.

It is not clear whether the slope at the existing bridge is considered rehabilitated or
not. Therefore the reader could conclude that the existing bridge has a short or
unpredictable remaining life. It is inconsistent with other aspects of the report and
therefore must be resolved.

Response: The statement on Page 38, bullet #2, has been changed from constant to
nearly constant, as this is the typical behavior that occurs during the secondary
creep rate. The existing bridge may have a finite, unpredictable remaining life, as
was discussed in Richland FEngineering report for the West Side Pier System of the

9/18/2006
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Central Viaduct Bridge report, dated May 10, 2005. The evaluation of remediation
necessary to improve the stability and decrease the rate of creep in the existing
bridge was not part of this scope. We have recommended further investigations
during final design to ensure the proposed unloading for the proposed bridge does
not adversely affect the existing bridge.

Comment The increase in slope movement during and immediately after the
construction of the stabilization structure should not be attributed to creep
phenomenon (BBC&M, page 22) since the stress state changed during this time
period. Thus the suggestion that the increasing rate of slope movements can be
attributed to a transition from secondary to tertiary creep is not valid. Human
activity, rather than soil behavior, was a direct cause of the movements.

The cited article by Brooker and Peck (1993), if applicable to this site’s geology,
does not describe the failure mechanism as creep. Moreover, the article observes
that first-time movements where the sliding mass overcomes the peak strengths can
be catastrophic, but “once a first-time slide has occurred and the strength on the
surface of sliding has been reduced to residual, the mass has come to rest in a stable
state. Very small increases in driving forces or reductions in resistance  are likely
to cause reactivation of movement. Yet the shearing resistance is at residual value
and movements occur slowly” The threat of a creep rupture failure is unlikely.
Stating it is a possibility, as with the previous comment, could lead the reader to
conclude unpredictability with regard to both a new and the existing structure. It is
inconsistent with other aspects of the report (Executive Summary, Item #5 and ELR
page 157, Item #7) and therefore must be resolved.

Response. The design team agrees that the rate of creep increased due to human
activities. The appropriate sections of BBC&M's report have been revised.

Comment There is a discussion of horizontal displacements in relation to factor of
safety in the E.L. Robinson report, pages 144-5. The Executive Summary by Baker,
page 1, Item #4, states “for practical purposes, slopes with a factor of safety greater
than 1.5 do not move” These are contradicted by the BBC&M report, page 38,
bullet #3, which states that “it is impossible to predict with any certainty” slope
movements.

Response.: There will be movement in any slope under any change in stress. What
was meant by the statement in the executive summary by Baker, page 1, item #4, is
that the movement is negligible and of no significant consequence. We think that of
the mechanism causing movement is understood and that the future deformation of
the slope can be predicted with reasonable certainty to be very minimal.

Comment Removal of the cold storage building has been extensively analyzed
with respect to slope stability. The BBC&M report, page 38, bullet #4, states that

9/18/2006
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the building “has an unknown influence on the stability of the slope” The impact of
removal of the building seems to conflict in the Executive Summary, Item #3 and
ELR, page 112, first paragraph of Section 7.2. Perhaps it would be better stated that
the proposed slope excavation, which happens to include removal of the building, is
needed to provide adequate stability to the slope.

Response. We agree that removing the building will improve the safety factor of
the slope as the building lies within the driving force portion of the slope. Figures
7.16C thru 7.16F in the report show the effect of the building on the stability of the
slope. The factor of safety of the slope with a slip plane forced to initiate close to
the middle of the building increased by 0.2 after removing the building.

Comment Dr. Marr’s presentation included probabilities of failure for various
scenarios including the existing slope, removing the building, excavation, pore
pressure relief, and monitoring. This information, although a qualitative illustration,
would be useful to the reader and should be included in the report.

Response. Additional information has been added to E.L. Robinson’s report in
chapter 7, to provide this information.

Comment Clarification of the statement in the ELR report, page 111, Item #2 that
the proposed locations either side of the existing bridge have a lower factor of
safety than the existing bridge is needed. The higher factor of safety at the existing
bridge, if due to the stabilization structure, should be stated as such.

Response. The higher factor of safety is due to the Pier [ stabilization system. The
drilled shafts, driven piles, and tiebacks were included in the slope stability model.
That resulted in a higher factor of safety for the slope under the existing bridge
compared to the sections to the north and south of it.

9/18/2006
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Mr. Robert Parker, PE

Michael Baker Jr., Inc.

The Halle Building

1228 Euclid Avenue, Suite 1050
Cleveland, OH 44115

Reference: CUY-90-14.92
Stability Evaluation of the Slope to the west of the Cuyahoga River

Attn. Mr. Parker;

Please find enclosed a copy of our final report addressing the stability of the CUY-90-14.92 west
bank slope. As a member of the Design Team for this project, EL Robinson Engineering (ELR)
is tasked with the assignment to review the history of the existing project, work with BBC&M
Engineering, Inc. as they evaluate the slope and perform an independent evaluation of the
alternatives available to improve the overall stability of the slope located under the proposed
bridge. BBC&M Engineering, Inc. report is included within this document and can be found in
Appendix B.

If you have any questions regarding the status of this report please contact Rick Engel at 614-
923-7473.

Respectfully,

T Nesaint

Jamal Nusairat, PE, Ph.D.
Project Manager

Rick Engel, PE
Vice President

6000 Memorial Drive * Dublin, OH 43017 * (614) 923-7473 * (614) 799-8311 fax
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CHAPTER 1

INTRODUCTION

Bridge Number CUY-90-1524, the Central Viaduct, also known as the Inner Belt Bridge, is a
very important component of the Interstate Highway System in Cleveland, Ohio. The Central
Viaduct Bridge carries the IR-90 traffic over the Cuyahoga River Valley. The existing bridge
piers are supported on pile foundations. The 5080 foot long Central Viaduct Bridge was
constructed and opened to traffic in 1959. Due to excessive movements within the west bank
slope during its operation, a slope stabilization system was proposed, designed and constructed
during the period from 1997 to 1999. The stabilization system is composed of drilled shafts,
driven piles, tie beams, and rock anchors. Richland Engineering Limited (REL) has prepared
numerous detailed reports documenting the historical performance of the structure. Ohio
Department of Transportation (ODOT) is planning on designing and constructing a companion
structure immediately to the north of the existing bridge. This report addresses the concerns for
building the proposed structure in the vicinity of the west bank slope. Additional project
background information is offered in the BBC&M Engineering Inc. (BBC&M) report provided
in Appendix B.

REL has inspected the bridge annually since 1988, and prior to 1988 the bridge was inspected in
1970 and 1974.

One of the first items of work to be completed under the present design contract has been
identified by ODOT and is referred to as the “Subsurface Investigation.” This work is to
specifically determine the appropriate location for the proposed west abutment and also to
perform slope stability analyses along sections recommended by ODOT. This work item has
been assigned to BBC&M. The slope stability study consisted of Cone Penetration Testing
(CPT), drilling boreholes for Standard Penetration Testing (SPT), obtaining samples for
laboratory testing, installing and monitoring inclinometers and piezometers, and performing
stability analyses. EL Robinson Engineering (ELR) is to offer an independent alternative

evaluation of the slope’s stability and subsequently prepare the Step 7 Foundation



Recommendation and Step 8 Final Foundation Report for the Central Viaduct Bridge. Dr. W.
Allen Marr of Geocomp Corporation is assisting ELR in performing an overall assessment of the
integrity of the west end slope area. He also performed an independent slope stability analysis.
Dr. Marr’s international experience helps to ensure that risks related to the geotechnical issues

are appropriately mitigated.



CHAPTER 2

OBJECTIVES AND SCOPE OF WORK

The objectives, scope, and work items are as follows:

1

Review all previous and recent reports generated from investigations performed
on the Cuyahoga River west bank bridge foundation and/or slope, including
subsurface investigations and instrumentation monitoring.

Provide Quality Control (QC) for recent subsurface investigations and slope
stability evaluations which were performed by BBC&M and Quality Assurance
(QA) on selected slope stabilization and design alternatives.

Explain the extent and cause of past slope movements, determine the locations of
soil layers that are weak or have been weakened due to slope movements, and
establish the shear strength parameters for the soil profile.

Evaluate all slope stability related issues with regards to their influence on the
state of stability of the west bank slope along the alignment of the proposed
bridge. Analyze the stability of the existing slope and evaluate the effects of all
stability related parameters on the slope’s performance to better understand what
specifically is driving the slope movements, and which design efforts will
contribute to the success of the slope remediation plan and bridge foundation
designs.

Identify the feasible locations for all bridge substructure units that can be safely
located within the west bank. Provide design criteria for typical loads applied to
the potential bridge substructure units placed within the limits of the west bank
slope.

Recommend a grading plan for improving the stability of the west bank slope.
Quantify the potential risks associated with constructing in and near the west bank
slope. Determine whether it is necessary to isolate any of the proposed

substructure units for the new bridge from future ground movements.



10.

11

12.
13.

Study the overall stability of the existing slopes located below the existing
structure on the west bank slope. Explain the relationship between the grading of
the slopes for the new structure and the related influence of this work on the
overall stability of the slope below the existing structure.

Evaluate all geotechnical aspects of this project as they relate to establishing
design criteria for the various bridge alternatives.

Estimate the related relative earthwork and foundation costs for each proposed
alternative design.

Provide a discussion on the probability of slope failures as it relates to the west
bank after excavating to the designed final grading plan.

Provide cost estimates for all of the alternatives.

Provide any special loading requirements for building substructure units within

the slope.



CHAPTER 3

REQUIREMENTS AND CONSTRAINTS

3.1 Introduction

As we began to study this project and progressed through the evaluation of the overall stability
and the performance of the slope, a number of concems were identified by various members of
the Project Team. This section contains some of the design requirements, goals and constraints
that need to be addressed to have a complete understanding of the geotechnical and structural
issues that are related to this proposed project. The main goal is to provide a minimum factor of

safety of 1.5 for all related cut slopes.

3.2 Slope Concerns Related to Selection of the Pier Location

Field measurements at existing Bridge Number CUY-90-14.52 have documented undesirable
movements of the west end slope. A new companion bridge is to be constructed to the north of
the existing structure. The slope at the location of the new bridge must be evaluated to ensure
that when the new bridge is constructed, unacceptable movements will not occur. The Design
Team is challenged with establishing what are the specific stability concems at this site for the
measured soil properties of the existing subsurface materials and how can stability be reasonably

ensured by using engineering solutions.

A long history of slope movements beneath the existing bridge suggests that the existing slope
for the new location has a low margin of safety against a stability failure. There are three
primary geotechnical issues:
I. Existing information shows that some of the geologic layers exhibit a peak drained shear
strength followed by a substantial reduction in strength with continued displacement.
This behavior complicates design for long term stability.
II. Visual inspections and measurements of groundwater levels show elevated water
pressures within the slope which decrease the stability of the slope. The sources of water

are unknown.



III. There have been a number of occurrences of water and gas shooting tens of feet into the
air and lasting hours. This indicates excessive pore pressures at depth in the slope that
reduce stability. The source and locations of high gas pressures are unknown.

Approximately seven isolated locations have been identified

The major mass of the existing slope at the new bridge location has been stable during recent
geologic time with no surface indications of significant prior displacements. Significant shear
movements within clay layers probably occurred in the geologic past that left these plastic clay
layers in a state of residual strength. The calculated factor of safety for a typical section through
the existing slope with existing pore pressures is about 1 15 (wl-A). This is a sufficient factor of
safety to keep the slope intact without significant displacements. However, an increase of pore
pressure within the slope of a few feet or loss of soil mass at the toe of the slope, such as might
occur in a flood would lower the factor of safety and trigger down slope movements. Either of
these occurrences have a significant probability of occurrence during the life of the new bridge.
A lower factor of safety would initiate down slope movement of the slope mass and cause large

lateral forces to build up on the bridge foundation.

A sheet pile revetment wall exists at the toe of the slope. It is required by the US Army Corps of
Engineers to help maintain a navigable water way. The sheets are 65 feet long. Horizontal steel
rods spaced at 8 ft intervals extend from the top of the sheeting to anchor located approximately
40 ft behind the sheeting. These tiebacks failed over time with the consequence that soil and
water pressures acting on the back of the sheeting caused the sheeting to displace outward by
several feet as shown in the pictures in Figure 3.1 The current owner has excavated soil from
behind the sheeting with the hope that the sheeting can be pulled back into place, new tiebacks
placed and the slope backfilled. This operation has reduced the overall factor of safety of the
existing slope approximately 0.13. This revetment wall should be replaced with a strong, reliable

revetment. A new pier should be located to avoid the sheet pile wall tie-backs.



Figure 3.1. Pictures showing the failed sheet pile wall.



3.3 Operational and Maintenance Requirements

Factor of safety is directly related to internal pore pressure. The exact source of groundwater in
the slope has not been identified which means that we cannot accurately predict the future
groundwater conditions. In such a circumstance the best approach is to build in measures to
control pore pressure so that it cannot exceed values used in the design and potentially, if

controlled, provide a much higher factor of safety for the stability of the slope.

The critical section for the slope beneath the existing bridge is down slope in approximately the
direction of the centerline of bridge. The proposed grading will have a very minimal negative
affect on the down slope factor of safety for the existing bridge. The proposed grading for the
new bridge will create side slopes where the potential sliding planes will be orthogonal to the
existing critical sliding planes. Final design must include consideration of the stability of these
slopes and the design adapted to give a minimum factor of safety of at least 1.5 for these slopes

as well. The expectation is that these side slopes will need to be 2.5:1.



CHAPTER 4

SUMMARY OF GEOLOGIC CONDITIONS

4.1 Geology of the Site

Interstate-90 crosses the Cuyahoga River Valley at approximately one mile from the shore of
Lake Erie. The surficial deposits along the shore line of Lake Erie are mostly lake plain
deposits of glacial origin and extend from 2 to 10 miles from the lake southward into the city.
The lake plain deposits are predominately sand and gravel deposits that are interbedded with till
above the shale bedrock. According to Hansen (1999); Szabo et al. (2003); and BBC&M
(2006), this shale contains organic matters and natural gas, which is believed to become trapped
in pockets within the overlying sediments. According to BBC&M (2006), after the completion
of a CPT test, water/gas vertical fountain formed for a height of approximately 10 feet above
the ground surface, also a 3 foot high vertical fountain formed for about two hours near the

CPT hole located adjacent to a 30 foot pre-drilled boring (BBC&M, 2006).

The lake plain is delineated at the location of the major river valleys, such as the Rocky River,
the Cuyahoga River and Euclid Creek. The Cuyahoga River Valley is deeply cut into the
bedrock that underlies the plain and is 2.5 to 4.0 miles wide across the top and has a relief of
over 400 feet. Bedrock elevations range from 600 feet at the west side of the valley to 0 feet at
the east side of the valley, which indicates that the preglacial bedrock valley is located east of
the present surficial river valley. The existing valley is a relatively minor depression in the
ground surface compared to a much more impressive depressed valley in the bedrock surface.
Much of the bedrock valley is filled with deposits of clay till and glacial lacustrine clay or silty
clay. These deposits extend upward to about Elev. 560. They are overlain by sand and silty

sand.

Changing lake levels over long periods of time led to the alternating erosion events and
deposition of delta materials at the mouth of the river. The deposited materials were mostly
silty and sometimes organic. It can be expected that the soil deposits at the bridge are
horizontally stratified, variable in thickness and overlying deep shale bedrock which continues

to dip to the east well beyond the immediate location of the bridge structure. The stability



analysis of the bridge must take into account weak and possibly thin layers of material which

may exist and govern the overall stability of the structure.

4.2 Subsurface Investigations

Four borings were obtained by ODOT in the area of the West End Pier and Pier No. 1 during
the original soils investigation in 1954. These borings were used to obtain standard penetration
testing data and the classification distinction between surficial granular materials and
underlying clays. In 1990, nine borings (B-1 thru B-9) were obtained by ODOT while installing
inclinometers. In 1992, an additional boring was obtained (B-10) by ODOT. In 1994, ten
borings were drilled by BBC&M in the slope in the vicinity of Pier 1 and the West End Pier
(BBC&M, 1994 and 2006). Slope inclinometers were installed in all ten (10) borings. A

monitoring program has been ongoing for these instruments from the time of installation.

In 2006, BBC&M was assigned to perform a preliminary subsurface investigation for
evaluating the stability of the existing slope and to provide recommendations on the placement
of substructures for the proposed bridge. The subsurface investigation program included
drilling eleven (11) borings (Borings B-05-01 through B-05-04, B-05-07, B-05-08, and B-05-
11 through B-05-15), installing inclinometers in all of these borings, and performing Cone
Penetration Testing (CPT), laboratory testing, and slope stability evaluations and
recommendations. The boring logs, laboratory testing results, and CPT measurements are

available in the BBC&M (2006) report enclosed as Appendix B.

4.3  Cone Penetration Testing

The subsurface investigation performed by BBC&M in 2006 included 15 Cone Penetration
Tests (CPT) on the locations marked as C-05-01 through C-05-15. The CPT tests were
performed by the Ohio University to depths ranging from 116.5 to 193.2 feet, and are enclosed
as Appendix C in the BBC&M Report for Cuy-90-15.24 dated May 2006. The CPT also
included Pore Pressure Dissipation Tests for eleven (11) locations (C-05-01, C-05-02, C-05-04
through C-05-11, and C-05-14) at the bottom of each. The tests were terminated prior to

reaching the equilibrium static pore pressure values; accordingly, they can only be used for



estimating rough trends. Based on the time dissipation curves, the time required for reaching a
static pore pressure is anticipated between two (2) to eight (8) hours for majority of the CPT
locations. The dissipation tests revealed high initial excess pore pressures at the cone tip, a
relatively slow dissipation rate. At the end of the tests, the estimated excess pore pressures

ranged from 50 to 200 psi. This is equivalent to 115.0 to 460.0 feet of free water column.

44 Summary of Laboratory Test Results

During the recent work in 2006, BBC&M obtained undisturbed Shelby tube samples for
laboratory testing to determine strength of the soils comprising the slope. BBC&M arranged

for the following mechanical properties tests to be performed on some of these samples:

Direct shear with residual strength
Direct simple shear strength

Torsional residual shear strength
Consolidated undrained triaxial strength

W ok

Results of these tests are provided in Appendix E of the BBC&M Report.

As part of their QC/QA responsibilities, E.L. Robinson obtained specific samples from
BBC&M and sent them to Dr. Marr’s geotechnical lab, GeoTesting Express, Inc., (GTX) for
verification testing. Results of the GTX tests are provided in Appendix A of this report. GTX
completed the following tests:

Residual Shear test points 1
Direct Simple Shear tests

CIU Triaxial tests

Incremental Consolidation tests

Constant Rate of Strain Consolidation test
Gradations

Atterberg Limits

Specific Gravity

Moisture Content

USCS Soil Classification

NN LB — NN WD

Table 4.1 summaries the important information from these tests. The test data support the

following conclusions:



Results of the consolidation tests and the behavior of the undrained triaxial tests
indicate that materials in the slope are considerably overconsolidated.  One
consolidation test indicates an effective pre-consolidation stress greater than 20 tsf.
This indicates that strains and displacements preceding an unloading failure will be
relatively small.

Results of the consolidated undrained triaxial tests indicate that negative excess pore
pressures develop during undrained shear. These negative pore pressures increase the
short-term strength until enough time passes for water to flow into the pores and return
pore pressures to steady state values. Therefore, the critical strength for design in this
slope is the drained strength. This conclusion is supported by the fact that peak
strengths measured in the undrained triaxial tests are higher than the peak strengths
computed with effective stress strength parameters for the same effective consolidation
stress.

Shear strength parameters measured on shear planes inclined at well above horizontal
indicate ¢,’=0 and ¢,” = 32°-33° except for one sample taken directly out of the lower
shear zone at the site. This sample indicated a secant friction angle of 26°

Shear strength parameters measured on horizontal planes are less than those measured
on inclined planes and they vary with position in the slope. Secant friction angles
determined from the effective stress path plots indicate friction angles varying from 33°
to 17° The tests that gave lower values appear to coincide with samples taken from
zones where inclinometer measurements showed the largest shear from slope
movement.

The residual strength measured in repeated direct shear testing gave residual friction
angles of 30° to 13.6° The lowest value was measured on a specimen taken directly
from the lower shear zone where GTX personnel observed indications of pre-existing
shear planes in the specimen prior to lab testing. Residual friction angle is a direct
function of plasticity of the soil. Soils with higher plasticity give lower residual friction
angles. We suspect that the soils in the west slope have thin seams of more plastic
materials that give rise to the lower residual friction values of 13°to 17° These seams
are sufficiently thin and sandwiched between layers of silty material, that their presence

is not readily apparent. Event classification tests don’t clearly show the presence of a



more plastic seam in a sample. However, this is explained by the fact that classification

tests are performed on remolded samples where the more plastic seam material is

thoroughly blended with the surrounding silty soil.

6. Test results obtained by BBC&M and those obtained by GTX generally agree when

looked at in a total context.

4.5 Recommended Strength Values for Slope Design

The test results indicate that all designs for slope stability and foundation loading in the slope

soils should use drained strength parameters with realistic “worst-case” pore pressures.

following strength parameters apply:
a. For horizontal and near-horizontal slip surfaces use ¢'=0 and ¢ = 15°

b. For failure surfaces inclined more than 25°, use ¢'=0 and ¢" = 32°

4.6  Slope Stability Analyses Performed in this Report

The

E.L. Robinson performed an independent slope stability analysis as part of the QA work. The

analyses are presented in detail in Chapter 7-A.

Dr. Marr of Geocomp Corporation performed an independent slope stability analysis as part of

the QC work. Dr. Marr’s analysis is presented in detail in Chapter 7-B.

BBC&M performed stability analyses for the existing slopes within the west bank of the

Cuyahoga River. BBC&M analysis is included in their report attached at the end of this report

in Appendix B.
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CHAPTER 5

REVIEW OF EXISTING BRIDGE STABILIZATION SYSTEM
INSTRUMENTATION AND MONITORING FINDINGS

51 Introduction

The existing data collected from the instruments installed at the job site were requested by
ODOT District 12 and transferred to ELR to be used to understand the mechanism and limits

of movement in the slope.

5.2 Stabilization System Instrumentation Plan

The stabilization system consisted of two rows of drilled shafts with a reinforced concrete cap,
tension tieback beams, driven piles with a reinforced concrete cap, and relatively long rock
anchors. The drilled shaft reinforced concrete cap was tied to the pile cap with steel W 8x35

members. Figure 5.1 shows a plan view of the stabilization system.

53 QA/QC Review of Instrumentation Monitoring Results

As part of the QA/QC work, ELR reviewed the data collected from the instrumentation

installed in the slope since 1994 and in the stabilization structure since 1999.

5.3.1 Slope Movement Measurements

The collected data was reviewed and updated to reflect the latest quarterly readings obtained
in July of 2006. Data from the earth inclinometers installed and monitored by BBC&M was
independently analyzed by E.L. Robinson to provide an alternative opinion. The data was
processed using the GTILT Plus software. Figures showing movement versus depth and rates
of movement were developed. A plan view showing the location of the inclinometers at the
project site is provided in Figure 5.2. The figures which show the magnitude movement

versus depth and also the rates of movement are attached at the end of Chapter 5.

The rate of movement at each slip plane depth was thoroughly investigated. The data was



divided into four phases.

1 Phase 1 before construction started in 1997.

2. Phase 2: from 1997 until 6/1999.

3. Phase 3: From 6/1999 until 12/2001.

4. Phase 4: long term monitoring from 1/2002-to the present.

The movements at each slip plane during each of the four phases are presented in Figures 5.3

to 5.6.

Soil profiles developed from old and new boring information was used to show the
movement along the center line of the proposed structure (Section A-A) and to the south of
the existing structure (Section D-D). The movement along Section A-A is shown in Figures
5.7 through 5.10, respectively for the four phases mentioned earlier. Figures 5.11 through
5.14 present the movements along section D-D. Table 5.1 summarizes the total movement

and the rate of movement during each of the four phases

The movement plots and plan views show that at the area of the new structure there is minor
movement in the deep slip plane, the rate of movement is estimated to be 0.01 inches per

year.

5.3.2  Drilled Shafts Stress Condition Assessment

During construction of the drilled shafts for the stabilization structure, a lateral load test was
conducted between shafts #1 and #3. The maximum applied lateral load was 800 kips. The
deflection associated with a lateral load of 800 kips was 5 inches as shown in Figure 5 15.
The maximum bending strain along the depth of shaft #1 associated with the 800 kips lateral
load was 1614 micro strains as shown in Table 5.2. From long term monitoring data obtained
from instrumentation installed in drilled shaft #9, measurements indicated a maximum
bending strain located at a depth of 95 feet to have a magnitude equal to 151 micro strains.

This value is 10% of the 1614 value measured during the lateral load test.



For shaft #17, which experienced a maximum movement of 1 7 inches, the strain equivalent
to this value from the lateral load test is equal to 231 micro strains. Figure 5.16 shows the
interaction diagram for the stabilization drilled shafts. The concrete strength used was 6000
psi, which was taken from the drilled shaft inspection record attached at the end of this

chapter.

Based on the findings from the lateral load test, the drilled shafts have the ability to move up
to 5 inches elastically (which was the maximum movement reported in the lateral load test).
The rate of movement in drilled shaft #17 was the highest (i.e. 0.12 inch/yr). Assuming a
constant rate of 0.12 inch/yr, it will take 15 years to reach a total movement of 3.5 inches (1 7
+ 1.8). Assuming a constant rate of 0.12 inch/yr, it will take 28 years to reach a total
movement of 5 inches (1 7 + 3.3). This indicates that the safe life of the stabilization shafts is
approximately 30 years before getting bevond the condition as tested in 1998. From the long
term monitoring data, the rate of increase in the moment and axial force in shaft #9 at a depth
of 95 feet appears to have decreased as shown in Figures 5.17 and 5.18. The recently

collected data from the July 2006 readings show minimal increase in the strain in the shaft.

5.3.3 Tie Beams

Tie beam measurements are experiencing a steady state condition with no indication of any
trend to vary with time except for slight stress changes which are most likely a result of
changes in temperature. Note that there is a relatively high frictional resistance from the soil
around and on top of the beams. The tic beams were insulated in a 24” diameter corrugated
PVC, which was filled with concrete after tensioning of the anchors. Due to the corrugated
pipe and the concrete filling, the tie beams are acting as a composite 24” diameter corrugated
section. The steel beam inside the section is not indicating any increase in stress in response
to the movement of the caps. The force transmitted through the PVC composite sections has
to overcome the friction of the surrounding soil. It appears that the drilled shaft cap and the
pile cap are moving similar distances laterally, which allows the tie beams to remain in a

constant state of stress. Pictures in Figure 5.19 show the construction of the tic beams and the



placement of substantial embankment on top of the tiec beams.

5.3.4 Rock Anchors

Rock anchor data was reviewed and plots were updated to reflect the collected data that was
available prior to and including the April 2006 quarterly data. A trend indicating a loss of load
was noticed in all anchors. The rate of loss in load was the highest in anchor #17, which is in
line with drilled shaft #17, which showed the most movement. Anchor #17 showed a loss in

the range of 8.5 kips per year, while anchor #1 showed a loss of 5.5 kips per year.

The variation in load loss is in agreement with the movement trend in the drilled shafts which

can be explained by the rotation of the reinforced concrete pile cap.

The plots of anchor load vs. time since lock-off in 1999 until April 2006 are shown in Figures

5.20 thru 5.23 for anchors 1, 8, 9, and 17, respectively.

5.3.5 Piles

The driven piles experienced an increase in the axial force after the completion of
construction ranging from 40 to 150 kips. The bending moment increase was in the range of
30 ft-k to 150 ft-k in the down slope direction (river side of the pile) and 1 to 55 ft-k in the
direction 90° from down slope. The axial force and bending moment are below the allowable
values for the HP14 x 89 pile section. The mechanism of force and moment build up can be
explained as follows: the tensioning of the rock anchors caused an axial force in the piles due
to the 45 degree downward angle of the anchors. The cap rotated several degrees by the time
the 17 anchors were tensioned. The corrugated tubes around the tiec beams were concreted
after completion of tensioning the anchors. After the placement of concrete in the PVC pipe
that was placed around the tie beams, the 25 feet of embankment was constructed on top of
the tie beams and the anchor cap. This resulted in additional dead load on the pile cap from
the weight of the soil carried by the cap and the tie beams. The pile cap was somewhat

restrained from rotating backwards due to the force in the anchors and the framed in 34 tie



beams embedded in the opposite side. The pile cap deflected elastically downward because of

the weight of the soil on the tie beams.

5.3.6 Inclinometer Installed in the Drilled Shafts

The movements in the inclinometers installed in shafts #1, 3, 8, 9, 10, and 17 have been
monitored since 1999. The data indicates a trend for an increase in the lateral movement at

shaft #17 equal to almost twice the movement observed in shaft #1

The consolidation of the embankment caused an increase in dead load supported by the top of

the tie beams.

5.3.7  Status of Monitoring as of July 2006

The latest measurement readings collected from instrumentation in the stabilization structure
for the existing bridge and in various locations in the slope indicated no change in magnitude
from the April 2006 readings. The quarterly report titled “July 2006 Quarterly Report Field

Monitoring Services,” dated August 2006, was prepared by BBC&M Engineering Inc.

Our conclusion is that the slope retention structure has a 30 year remaining safe life before

reaching the stress condition that existed when tested in 1998.



Table 5.1: Horizontal Movements Measured using Inclinometers

Inclinometer | Elevation | Date of the Measurements
No. (Feet)  9/23/1997 | 6/30/1999 | 12/30/2001 | 1/1/2006
Inclinometer Movement Horizontal (Inch)
B101 505 0.000 0.000 0.000 0.000
492 0.000 0.000 0.000 0.060
B102 607 0.000 0.000 0.000 0.000
B105 490 0.000 0.210 0.170 0.100
475 0.130 0.730 0.340 0.520
614 0.000 0.000 0.000 0.000
B107 515 0.000 0.000 0.000 0.000
478 0.000 0.000 0.000 0.000
592 - - - 0.000
B108 542 - - - 0.100
540 - - - 0.100
567 0.000 0.000 0.191 0.230
B110 552 0.000 0.000 0.000 0.000
479 0 000 0.000 0.000 0.000
599 - 0.341 0.000 0.055
B203 579 - 0.050 0.000 0.000
561 - 0.272 0.076 0.114
582 - - - 0.000
B204 498 - - - 0.000
482 - - - 0.200
573 - 0.250 0.110 0.220
B303 566 - 0.411 0.083 0.102
525 - 1.002 0.331 0.370
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Figure 5.1 Plan view of the stabilization structure and instrumentation layout
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Figure 5.2 Plan view showing the location of the inclinometers in the project arca
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CUY-90-15.24 Lateral load test
Shaft - 1 Direction vs. depth
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Figure 5.15 Deflection vs. Depth from Shaft #1 during the lateral load test.
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AXIAL FORCE

(P kip=)

Max. Compression = -17126.0 kips

PILE INTERACTION DIAGRAN
UNIAXIAL MOMENT (ABOUT AXIS 2

Pila#1 Segment #1

Auizl = 2800.00 kips
Moment [ = 72032 kipt
Moment J = 95000 kipt
PHi Factar = AASHTO

1= Bottom of element
J= Top of element

v
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-10000

-5000

‘M
J
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{About s 2)
5000 -- Max. Tension = 4613.8 kips

Figure 5.16 Interaction Diagram for Drilled shafts in the stabilization structure.
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Appendix B: Sequence of installation and detailed inspection of the drilled shafts.



INSPECTION RECORD FOR DRILLED SHAFTS

Project Numt Typeaniih.dﬁ:yfbnumg Bid Price Above Bedrock (3/ft)
4S7.97 Drilling Contrractor CMYV TH18-50 Crawier 73
Hydrsulic Piitng Rig
Bridge Number Agrs Foundations Max. Continuous Torque (8 |  Bid Price in Bedrock Socket (84
Ibe
CUY-90-15.24 132,72 @ 7.4 RPM 1620
CROWD (max. Cant. Type of Sharry Used
Structure File Number Project Engmeer Downward Force (Tbs) KB Techmologies® “Starry Pro”
1809393 Kirk M. Gegick, PE 44,805 (Which is Equal To Type of Bedrock
The Extraction Force) Soft to Medizmn Hard Shale
DRILLED SHAFT NUMBER 1 3 5 7
STARTED DATE 9/9/98 11/9/98 10/30/98 10/19/98
DATE & TIME OF TIME 9:00 AM 9:30 AM 1:30 PM 3:00 PM
DRILLING
FINISHED DATE 10/13/98 11/12/98 11/4/98 102298
TIME, 5:00 PM 9:00 AM 11:00 AM 1:30 PM
APPROXTMATE ELEVATION OF TOP OF OVERBURDEN 586.00 586.00 586.00 586.00
LENGTH OF DRILLED |THROUGH AIR (FT) N/A N/A N/A N/A
SHAFTS ABOVETHE | THROUGH QVERBURDEN (FT) 140.00 141.50 143.00 142.50
BEDROCK SOCKET [
PAY LENGTH (FD) 140.00 141.50 143.00 142.50
NUMBER 1 2 2 2
OBSTRUCTIONS
ENCOUNTERED |_SIZE (IN) See Below See Below Sec Below See Below
TIME OF REMOVAL (HR) See Below Sec Below Sec Below See Below
LENGTH OF DRILLED |ELEV. TOP OF BEDROCK SOCKET 446.00 444.50 443.00 443.50
SHAFT;‘ gé }?EE;_)ROCK ELEV., BOTTOM OF BEDROCK 439.00 43850 437.00 437.50
LENGTH OF BEDROCK SOCKET 7 6 6 6
STEEL CASING CASING THICKNESS (IN) 58 5/8 58 518
CASING LEFT IN PLACE (FT) 0 0 0 0
VERTICAL BAR SIZE-NUMBER #11 #11 #11 #11
REINFORCING STEEL NUMBER OF REBAR 24 24 24 24
SPIRAL BAR SIZE-NUMBER #4 #4 44 #4
PITCH (IN) 45 4.5 45 4.3
SLUMP (IN) 79 79 7-9 79
CYLINDER STRENGTH (PSI) 4390/3190 §700/6580 6290/6360 5906/5500
CONCRETE AIR TEMPERATURE 64/46 48734 52/46 65/45
DATE PLACED 10/15/98 11/13/98 11/6/98 10/27/98
QUANTITY (CY) 205 189 202 187
N: . X 42 .
TOLERANCES DLA'I‘E'lI{'xAé,N -8 (FT) 0.50-N 0.02-N 0.42-N 0.24-N
EVLA E-W (FT) 0.50-W 030-E 0.24-W 0.60-W
PLAN SHAFT DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) T2/56 266 7266 T2/66
ACTUAL DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) 272 272 TAHT2 72772
ZROIECLENG, S COMMENTS. Ses Obeuction Table Below
Drilled Dmie Time Type Depth
Shaft #
1 9/9 - 10/8 3 pm- 5:30pm H-Pile 43
3 119 9:30am - 3 pm Timber 12
3 11/9 - 1/11 4pm-430pm H-Pile 54
s 10736 - 1172 4pm-9 s Timber 16
5 112 Sam-4pm H-Pile 54
7 10/19 10720 4pm- 11 am Tauber 17
7 10620 - 16721 11am-11:30 am HFile w2 4

B-2



INSPECTION RECORD FOR DRILLED SHAFTS

Project Number Type and Model of Drilling: |  Bid Price Above Bedrock (/)
- Machinery
457.97 Drilling Contrractor CMYV TH18-50 Crawier 713
] Hydranlic Piling Rig
Bridge Number Agra Foundstions Max. Comtnuous Tosque (8- Bid Price in Badrock Sockes ($/1)
Iba
CUY-90-1524 132,752 @ 7.4 RPM 1620
CROWD (max. Cont. Type of Shurry Used
Structure File Number Project Engmeer Dovwmrward Force (1be) KB Technologles’ “Slurry Pro™
1809393 Kirk M. Gegick, PE 44,305 (Which ks Equal To Type of Bedrock
The Extraction Force) Soft to Medinmn Hard Shale
DRILLED SHAFT NUMBER 9 11 13 15
START DATE 10/30/98 9/23/98 11/4/98 10/22/98
DATE & TIME OF TIME 3:30 PM 3:30 AM 11:00 AM 1:30 PM
DRILLING
FINIS DATE 11/19/98 9/30/98 11/6/98 10/30/98
TIME 5:30 PM 3:30PM 11:30 AM 1:30 PM
APPROXIMATE ELEVATION OF TOP OF OVERBURDEN 586.00 586.00 586.00 586.00
LENGTH OF DRILIED | IHROUGH AIR (FT) N/A N/A N/A N/A
SHAFTS ABOVETHE | THROUGH OVERBURDEN (FT) 143.00 140.50 144.00 144.50
BEDROCK SOCKET
. PAY LENGTH (FT) 143.00 140.50 144.00 144.50
NUMBER 1 3 9 4
OBSTRUCTIONS
ENCOUNTERED SIZE (INY Sec Beiow Ses Below N/A See Below
TIME OF REMOVAL (HR) See Below See Below N/A Sex Below
LENGTH OF DRILLED |_ELEV., TOP OF BEDROCK SOCKET 443.00 442,50 442.00 441.50
SHAFTS W!?EET?ROCK | ELEV. BOTTOM OF BEDROCK 437.00 436.50 436.00 435.50
LENGTH OF BEDROCK SOCKET [ 9 6 [
STEEL CASING CASING THICKNESS (IN) 5/8 5/8 5/8 5/8
CASING LEFT IN PLACE (FT) 0 [1} 0 0
TICAL BAR SIZE-NUMBER #11 #11 #11 #11
REINFORCING STEEL NUMBER OF REBAR 24 24 24 24
#4
SPIRAL BAR SIZE-NUMBER #4 #4 #4
PITCH (IN) 4.5 4.5 4.5 4.5
SLUMP (IN) 7-9 79 7-9 7-9
DV
CYLINDER STRENGTH (PSI) 6790/6960 6530/6620 4970/4780 7880/7730
CONCRETE AIR TEMPERATURE 50136 72745 51/45 47136
DATE PLACED 11/23/98 10/2/9%8 11/10/98 11/3/98
QUANTITY (CY) 214 196 198 200
TOLERANCES D?%N N-8 (FT) 0.29-N 0.83-N 0.03-N 0.52.N
E-W (FT) 0.65-W 0.17-W 0.07-E 0.25-W
PLAN SHAFT DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN)} T2/66 T2/66 T2/66 72/66
ACTUAL DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) T72/72 72772 72772 T272
PROIECT ENGINEER'S COMMENTS: See Otrugtion Table Belos
Drilled Date Time Type Depth
Shaft #
s 1121119 4pm- 5:30pm H-Pile 4
11 5/23 8:30am - 1:30pm Timber 13
11 9/23 - 9424 Spm-2pm H-Pile (Stub) #1 50
i 9124 - 9195 5pm- 10 am HePile (Stub) #2 55
15 plinw s 2om-4pm Timber i
13 10/22 -10/27 4 pm - pm B-Pile #1 5%
15 10/27 - 10728 5 pm~ % pm H-Pila#2 &0°
15 10/28 - 10/29 Zpm-5pm H-Pile #3 55
B- 5-65



INSPECTION RECORD FOR DRILLED SHAFTS

Project Numt Type and Model of Drilling Bid Price Above Bedrock (/)
. Machinery
45797 Drilling Coatrractor CMYV TH18-50 Crawler 713
Hydruulic Pling Rig
Bndge Number Agra Foundstions Max. Continnous Tonque (£~ Bid Price m Bedrock Socket ($/8)
Ibe)
CUY-90-1524 132,752 @ 7.4 RPM 1620
CROWD (max. Cant. Type of Shurry Used
Structure File Number Project Engineer Downerard Force (Tbs) KB Technologies’ “Siurry Pro”
1809393 Kirk M. Gegick, PE 44,805 (Which is Equat To Type of Bedrock
The Extraction Force) Soft to Medinm Hard Shale
DRILLED SHAFT NUMBER 17
STARTED DATE. 11/20/98
DATE & TIME OF TIME 7:00 am
DRILLING
FINISHED DATE 11/23/98
TIME 35:30 pm
APPROXIMATE ELEVATION OF TOP OF OVERBURDEN $86.00
LENGTH OF DRILLED |THROUGH AIR (FT) N/A
SHAFTS ABOVE THE | THROUGH OVERBURDEN (FT) 145.00
BEDROCK SOCKET
PAY LENGTH (FT) 145.00
NUMBER 2
OBSTRUCTIONS
ENCOUNTERED  |SZE(N) _Sce Bdow
TIME OF REMOVAL (HR) See Bdow
LENGTH OF DRILLED |-ELEV., TOP OF REDROCK SOCKET 441.00
SHAFIE&‘!?EE?ROCK ELEV., BOTTOM OF BEDROCK 435.00
LENGTH OF BEDROCK SOCKET 6
STEEL CASING CASING THICKNESS (IN) 5/8
CASING LEFT IN PLACE (FT) 0
VERTICAL BAR SIZE-NUMBER #11
REINFORCING STEEL _NUMEER OF REBAR 24
SPIRAL BAR SIZE-NUMBER #4
PITCH (IN) 43
SLUMP (IN) 7.9
CYLINDER STRENGTH 5760/5790
CONCRETE AR TEMPERATURE 54/40
DATE PLACED 11/25/98
QUANTITY (CY) 186
TOLERANCES DLATE'II{‘IAOLN NS (FT) 0.7-N.
EVIA EW{FD 0.42-F
PLAN SHAFT DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) T2/66
ACTUAL DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) T2
PROJECT ENGINEER’S COMMENTS, Ses Ottuction Table Below,
Drilled Date Time Type Depth
Shat #
17 11720 Sam-1pm Timber I3
17 11/20- 11721 130 pm - 9:30 am H-Pile 48
B-4




INSPECTION RECORD FOR DRILLED SHAFTS

Project Numk Type and Mo@d of Drilling Bid Price Above Bedrock ($/4t)
Machinery
457.97 . Drilling Contrractor CMYV TH18-50 Crawier 713
Hydranlic Plling Rig
Bridge Number Agra Foundations Max. Continuous Torque (fi- Bid Price n Bedrock Socket ($/11)
ibs)
CUY-90-1524 132,752 @ 7.4 RPM 1620
CROWD (max Cont. Type of Slurry Used
Structure File Number Project Engineer Downward Force (1bs) KB Technologies® “Siurry Pro”
1809393 Kirk M. Gegick, PE 44,805 (Which is Equal To Type of Bedrock
The Extraction Force) Soft to Medium Hard Shale
DRILLED SHAFT NUMBER 2 4 6 3
ATE 9/17/98
STARTED D. 8/20/98 2/3/98 8/24/98
DATE & TIME OF TIME 10:00 AM 1130 AM 1:30 PM 12:00 PM
DRILLING
FINISHED DATE 2/27/98 8/13/98 9/22/98 9/8/98
TIME 10:30 AM 9:00 AM 6:30 PM 5:30 PM
APPROXIMATE ELEVATION OF TOP OF OVERBURDEN 586.00 586.00 586.00 586.00
LENGTH OF DRILLED | THROUGH AR (FT) N/A N/A N/A N/A
SHAFTS ABOVETHE | THROUGH OVERBURDEN (FT) 133.80 141.75 142.25 142.75
BEDROCK SOCKET
PAY LENGTH (FT) 133.80 141.75 142.25 142.75
NUMBER 2 0 1 2
OBSTRUCTIONS
ENCOUNTERED SIZE Ny See Below N/A See Below Sez Below
TIME OF REMOVAL (HR) See Below N/A See Below See Below
LENGTH OF DRILLED | -ELEV., TOP OF BEDROCK SOCKET 452.20 444.25 443.75 443.25
SHAFTS NI?EE?RWK ELEV.. BOTTOM OF BEDROCK 443 00 438.25 437.75 43725
LENGTH OF BEDROCK SOCKET 9.2 6 6 6
STEEL CASING CASING THICKNESS (IN) 53 /8 5/8 5/8
CASING LEFT IN PLACE (FT) i 0 0 Q
VERTICHE | BAR SIZE-NUMBER #11 #11 #11 #11
REINFORCING STEEL NUMBER OF REBAR 24 24 24 24
NI #
SPIRAL BAR SIZE-NUMBER 4 44 4 #4
PITCH (IN) 4.5 45 4.5 45
SLUMP (IN) 79 7-9 79 79
CYLINDER STRENGTH (PSD) 5060/5110 5740/5950 5090/5300 4210/4070
CONCRETE AIR TEMPERATURE 84/66 80/67 69/45 65/50
DATE PLACED 8/28/98 8/19/98 914198 9/10/98
QUANTITY (CY) 180 202 185 180
N-§ 28- 05- . 24
TOLERANCES DLATE%A&.N (FT) 0.28-N 0.05-N 1.16-N 1.24N
EVIA E-W(FT) 0.01-E 0.28E 0.31-W 0.21-E
PLAN SHAFT DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) 72/66 12/66 72/66 72/66
ACTUAL DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) 72/72 T2UT2 72772 7272
PROIECT ENGINEER'S COMMENTS: Seg Obuuction Table Below
Drilled Date Time Type Depth
Shaft 4
2 8/21-8P4 1 pm - Yam H-Pile (Stub) 75
2 8/24 - 8125 {lam - lpm Methane 17
6 9/18 - 9/21 1.30pm - 3:30pm H-Pile (Stub) 4
8 824 ipm - 3pm Timber 15
8 8/24-9/3 4pm - 3pm H-Pile (Stub) 33
B-5 5-67



INSPECTION RECORD FOR DRILLED SHAFTS

Project Number TypemdMocfd of Drilling Bid Price Above Bedrock (/1)
. Machinery
4577 Drilling Contrractor CMYV TH18-50 Crawier 713
. Hydranlic Piling Rig
Bridge Number Agra Foundstions Max. Contmuous Torque (£~ Bid Price m Bedrock Socket (%/f)
ibs
CUY-99-15.24 132,752 @ 7.4 RPM 1620
CROWD (max. Cont. Type of Shury Used
Structure File Number Project Engmeer Downward Farce (Ibs) KB Tecimologies’ “Shurry Pro”
1809393 Kirk M. Gegick, PE 44,805 (Which is Equal To Type of Bedrock
The Extraction Force) Soft to Medium Hard Shale
DRILLED SHAFT NUMBER 10 12 14 16
STARTED DATE 8/13/98 8/27/98 10/9/98 11/12/98
DATE & TIME OF TIME 10:00 am 2:00 pro 3:00pm_ 2:00 pm
DRILLING
FINIS DATE 8/20/98 9/298 10/19/98 11/18/98
TIME 9:00 am 5:30 pm 3:00pm 5:30 pm
APPROXTMATE ELEVATION OF TOP OF OVERBURDEN 586.00 586.00 586.00 586.00
LENGTH OF DRILIED |.THROUGH AIR (FT) N/A N/A N/A NA
SHAFTS ABOVE THE | THROUGH OVERBURDEN (FT) 143.25 143.75 144.25 14475
BEDROCK SOCKET
PAY LENGTH FT) 143.25 143.75 144.25 144.75
NUMBER (1] (1] 2 2
OBSTRUCTIONS
ENCOUNTERED |_SIZE (IN) N/A N/A Sec below Sec below
TIME OF REMOVAL (HR) N/A N/A See below Sce below
LENGTH OF DRILLED | ELEV., TOP OF BEDROCK SOCKET 442.75 442.25 441.75 44125
SHAFT;%?EE?ROCK ELEV., BOTTOM OF BEDROCK 436.75 436.25 435.75 43525
LENGTH OF BEDROCK SOCKET [ 6 6 6
STEEL CASING CASING THICKNESS (IN) 5/8 518 5/8 5/8
CASING LEFT IN PLACE (FT) (1] [¢] 0 0
VERTICAL BAR SIZE-NUMBER #11 #11 #11 #11
4
REINFORCING STEEL NUMBER OF REBAR 24 24 24 2
#4 #4
SPIRAL BAR SIZE-NUMBER #4 #4
PITCH (IN) 4.5 4.5 4.5 4.5
SLUMP (TN\Y 7-9 7-9 7-9 7-9
CYLINDER STRENGTH (PSD) 6260/6590 5560/5780 62350/6190 4740/4730
CONCRETE AIR TEMPERATURE 82/62 76153 48736 58/42
DATE PLACED 3/21/98 9/4/98 10/21/98 11/18/98
QUANTITY (CY) 195 136 180 190
TERA N-S 0.07- 0. 0.60-N 0.47-N
TOLERANCES DLI:ZAVIAT!ON ! > 28
E-W (FT) 0.01.W 0.25-W 0.02-E 0.26-W
PLAN SHAFT DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) T2/66 72/66 72/66 72/66
ACTUAL DIAMETER ABOVE/BELOW BEDROCK SOCKET (IN) T2 T2/72 72772 72772
PROTECT ENG] R'S COY " i
Drilled Date Time Type Depth
Shaft #
14 10/9 - 16/12 4pm-9%am Timber 19
14 10712 - 106/16 Spm-12pm H-Pile 34
16 11/13 Bam-4pm H-Pile #1 33
16 11/13-11/14 4pm-3pm H-Pile #2 45

B-6
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CHAPTER 6

SLOPE STABILITY MODEL DEVELOPMENT

6.1 Geometry, Boundary Loads, and Stratigraphy

One of the first steps in evaluating the stability of a slope is to prepare the subsurface
profile. The subsurface profile for the project was very meticulously prepared using all of
the available exploratory information. The surface geometry of each cross-section was
derived using the topographic information obtained from the survey provided by Michael
Baker, Jr. and the original plans for the existing bridge slope remediation work. The
studied cross sections are presented on the plan view of the project shown in Figure 6.1.
The subsurface stratigraphy was developed using the 1994 and 2006 borings, the 2006
Cone Penetration Tests, and the ground movement measurements from the earth
inclinometers that were installed in 1994. A step-by-step procedure for developing the

subsurface profile at the three modeled sections is as follows:

1) The log of each boring was refined by considering the Standard Penetration Test
(SPT) blow counts (Np) at each sampling depth. Blow counts (Ny) were then
corrected for overburden and rod length effects, and the resulting corrected blow
counts (N') were recorded against depth intervals of a similar soil type and N’

values.

2) The estimated profiles and corresponding N values were then compared with the
CPT tip resistances (Figures 6.2 through 6.4). As shown in these figures, the
corrected blow count (N') trend matched reasonably well with the trend for the tip
resistances, these trends indicated the presence of some relatively week layers
The CPT tip resistances were only used to verify the reliability of using the SPT-

N’ to determine the relative strength and/or stiffness of soil layers using the SPT.



3) The information from inclinometer measurements was studied and the locations
of the excessive incremental movements were used to locate depths at which the

soil strength would have been decreased to the residual state.

Figures 6.5 and 6.6 show the subsurface profiles produced based on the SPT and CPT
results and adjustments were made using inclinometer measured values for sections A-A,
and D-D. The profiles were used in the slope stability analyses of existing sections and
the proposed remediation alternatives presented in Chapter 7. The centerline section is

assumed to have similar stratigraphy and material properties to Section D-D.

6.2 Soil Parameters and Ground Water

6.2.1 Soil Strength Parameters

The shear strength parameters for the subsurface profile layers were estimated using the
laboratory test results performed by BBC&M and Cooper Testing Laboratory. The
estimation of the shear strength parameters was augmented by values obtained from the
interpreting of the CPT and SPT results, as well as from the inclinometers measurements,
the shear strength parameters for the soil layers are listed in Tables 6.1 and 6.2. The

estimated strength parameters of bedrock are also provided.

6.2.2 Ground Water Elevation:

For all stability analyses performed prior to August 2006, the location of the static
groundwater table was estimated from the information in the existing soil borings and
from the available peizometers data. This water table location was designated as wl.
Recently, in the course of this project, several vibrating wire peizometers were installed
to provide a better estimation of the water table elevation. The piezometers were installed
by BBC&M between March and June 2006. They were connected to a single channel
datalogger and monitoring started in May 2006.



6.3 Studied Sections

To understand the slope behavior, three soil profiles (models) were developed to
represent the variation of the geometry and soil properties existing on the site. The three
models are designated as Section A-A (located to the north of the existing bridge and
along the new alignment); Section CL (located along the centerline of the existing
bridge); and Section D-D (located to the south of the existing bridge). The locations of

the three cross sections are shown in Figure 6.1

Table 6.1: Stratification and Soil Strength Parameters for Section A-A,

L;}(/fr Description Cu ) C ¢
1 Medium dense gravel with sand 0.0 36.0 0.0 36.0
2 Sandy silt/sand and silt 0.0 32.0 0.0 32.0
3* | Softsilty clay 800.0 0.0 0.0 22.0
4 Very stiff silty clay 3500.0 0.0 0.0 32.0
> lsooof;[eS lslfl}‘[l izyhxggrgﬁgi?ltts s(::fams 800.0 0.0 0.0 15.0
6 Bedrock-shale 20000.0 20.0 20000 20.0

* Layers where low SPT blow count, low CPT tip resistance or/and excessive
movements have been recorded in inclinometers.

Table 6.2: Stratification and Soil Strength Parameters for Section D-D and Bridge
Centerline (Section CL).

L;}(/fr Description Cu ) C ¢
1 Medium dense gravel with sand 0.0 36.0 0.0 36.0
2% | Softsilty clay 800.0 0.0 0.0 22.0
3 Very stiff silty clay 3500.0 0.0 0.0 32.0
4 lsooof;[eS lslfl}‘[l izyhxggrgﬁgi?ltts s(::fams 800.0 0.0 0.0 15.0
5 Bedrock-shale 20000.0 20.0 20000 20.0

* Layers where low SPT blow count, low CPT tip resistance or/and excessive
movements have been recorded in inclinometers.
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Figure 6.2: Comparison CPT vs. Corrected SPT for:
a) B-05-01/C-05-01, b) B-05-02/C-05-02
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Figure 6.3: Comparison CPT vs. Corrected SPT for:
a) B-05-03/C-05-03, b) B-05-08/C-05-08
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Figure 6.4: Comparison CPT vs. Corrected SPT for:
a) B-05-11/C-05-11, b) B-05-12/C-05-12
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