CENTER FOR INFRASTRUCTURE
ENGINEERING STUDIES

Evaluation of Bridge Approach Slabs, Performance and
Design
By
Dr. Ronaldo Luna
Dr. Jonathan L. Robison
And

Andrew Wilding

University Transportation Center Program at

The University of Missouri-Rolla



Disclaimer

The contents of this report reflect the views of the author(s), who are responsible for
the facts and the accuracy of information presented herein. This document is
disseminated under the sponsorship of the Department of Transportation, University
Transportation Centers Program and the Center for Infrastructure Engineering
Studies UTC program at the University of Missouri - Rolla, in the interest of
information exchange. The U.S. Government and Center for Infrastructure
Engineering Studies assumes no liability for the contents or use thereof.




Technical Report Documentation Page

1. Report No.

UTC R80

2. Government Accession No. 3. Recipient's Catalog No.

4. Title and Subtitle

Evaluation of Bridge Approach Slabs, Performance and Design

5. Report Date

Dec 2003

6. Performing Organization Code

7. Author/s

Dr. Ronaldo Luna, Dr. Jonathan L. Robison, Andrew Wilding

8. Performing Organization Report
No.

RG001232 OT080

9. Performing Organization Name and Address

Center for Infrastructure Engineering Studies/UTC program

University of Missouri - Rolla
223 Engineering Research Lab
Rolla, MO 65409

10. Work Unit No. (TRAIS)

11. Contract or Grant No.

DTRS98-G-0021

12. Sponsoring Organization Name and Address

U.S. Department of Transportation

Research and Special Programs Administration
400 7" Street, SW

Washington, DC 20590-0001

13. Type of Report and Period
Covered

Final

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

During the 1990’s MoDOT built more bridges than 47 other states, of these a significant percentage have
experienced settlement of their approaches. In some cases these structural slabs have even cracked near
the abutment or experienced excessive settlement at the sleeper slab producing a dip at that location.
These deformations affect the riding comfort of passengers and when the deformation is too excessive or
abrupt it may even be unsafe. The current design of these bridge approach slabs includes provisions for
the pumping if these slabs as a remedial measure. Several districts have spent considerable maintenance
resources to fix these slabs and often disrupting other programmed maintenance operations. What has
made this problem so severe for the Department is the fact of these failures have occurred soon after the

bridge is open to traffic or before paving.

17. Key Words

Bridge approach Slabs, embankment fills, sleeper
slab, deformation

18. Distribution Statement

No restrictions. This document is available to the public through
the National Technical Information Service, Springfield,
Virginia 22161.

19. Security Classification (of this report)

unclassified

20. Security Classification (of this 22. Price

page)

21. No. Of Pages

unclassified

Form DOT F 1700.7 (8-72)




MoDOT PROJECT RI 02-033 — Evaluation of Bridge Approach Slabs, Performance and Design

EXECUTIVE SUMMARY

This research project report summarizes the activities and results of the work performed by the
University of Missouri-Rolla. The performance of severa bridge approach slabs was undertaken based
on preliminary work completed by the technical advisory group, bridge approach slabs task force.

The existing design as modified in the early 1990s was reviewed and the available methods to
mitigate this common problem in bridge engineering were researched in the literature. A summary of the
recent developments in this field are shown in Appendix A. Two surveys were conducted, first one
administered to resident engineers within the state and the other to transportation officials of the
neighboring states. The findings show that this problem is prevalent throughout the Midwest and that a
solution has not been reached at aregiona level. Many states are currently performing or have recently
completed research efforts towardsthisend.  The response to the Resident Engineer’s survey within the
state of Missouri is summarized graphically by geographic location with the aid of a Geographic
Information System (GIS). At least 15% of the recently completed bridge approach dabs have performed
unsatisfactorily to the point that remediation was required.

Two bridge sites were selected in the state of Missouri to investigate and anayze in more detail
as case studies. Detailed subsurface characterization of existing bridge embankments utilizing the new
design were carried out. It consisted of drilling and sampling of boreholes and cone penetrometer tests.
This alowed for the subsurface characterization of these two sites. Explorations were advanced at each
site and provided data to model the common characteristics of the embankment and to further analyze the
deformations.

Both hand calculations and finite element analysis were carried out for these bridge sites. The
deformation ranged from 0.03to 0.6 m for the northern site in Livingston County. However, only the
deformations that occurred after the construction of the slab are structurally important. The calculated
deformations experienced by the bridge approach dab are much smaler than the figures shown above but
still unacceptable. For the southern bridge (A-5690) only 0.08 m were calculated using the finite element
analyses. The actua deformation from the end of construction to the current conditions has not been
measured with time, therefore, no comparisons can be made between predicted and measured data. One
of the salient recommendations to MoDOT is to start a programmatic approach to instrument and monitor
deformations of select earth structures to be able to calibrate and compare with analytical techniques (i.e.,
settlement calculations, finite element method, etc.)

After evaluating the different solutions available and given the design and construction practice at
MoDOT, it is recommended that means to stiffen the embankment be investigated. This will make the
trangition to the very unyielding bridge less abrupt and reduce the compressibility of the embankment fill.
A reinforced soil embankment is proposed as a solution for the embankments that are at least 10-feet
high. This reinforcement should be extended 60 feet away from the abutment. Compressibility of the
foundation soils should be evaluated o a case-by-case basis based on additional boreholes completed
before design behind the bridge abutment. An implementation plan and milestones are recommended in
this report.
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1. INTRODUCTION
The problem often referred to as the “bump at the end of the bridge,” is well known in the

highway engineering community. This discontinuity in grade caused by differential settlement is
sometimes dramatic (see Figure 1.1). It can result in driver distraction and discomfort, and it can impair
safety as well as cause automobile damage. Nationwide this problem is estimated to affect 25% of all
bridges (approximately 150,000 bridges) resulting in expenditures of at least $100 million per year
(Briaud, et a., 1997). Missouri is certainly not immune to this problem. In arecent survey of statewide
geotechnical problems, Missouri Department of Transportation (MoDOT) geologists and engineers
ranked the settlement of bridge approaches second only to slope instability in order of importance

(Bowders, et a., 2002).

Figure 1.1- Br. A5934, Rte. 21 Crossing the Little Black River in Southeast Missouri.

To expand on the findings of the Bowders, et a., (2002) study, MoDOT and the University of
Missouri-Rolla initiated research project R102-033, “Evauation of Bridge Approach Slabs, Performance
and Design”. The objectives of the research project were as follows. to establish and relate a thorough
understanding of the components of the bridge approach problem, to evaluate the performance of the
current MoDOT bridge approach product (including both design and construction), and to suggest

possible actions or design changes to lessen the potential for problematic behavior on future projects.
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In order to appreciate the causes of the failures occurring at bridge ends, an introduction to the
mechanics of the approach is warranted. 1n 1993, MoDOT adopted a “sleeper” beam and approach
pavement design as shown in Figure 1.2. The end abutment of the bridge rests on a deep foundation
driven to rock or other unyielding bearing strata. The approach dab is supported on one end by the
abutment and by the concrete deeper beam on the other end. The sleeper beam rests atop the bridge end
embankment. This design results in one structural member being supported by two very different

foundation systems.
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Figure 1.2 - MoDOT Post-1993 Bridge Approach Design, after Bowders, et al. (2002).

2. OBJECTIVES

The overall objective of this research project was to identify and quantify the failure mechanisms
recently observed at the bridge approach dlabs supported on approach embankments. Two bridge sites
were selected for detailed study of the performance and involved subsurface investigations and analysis
reported herein. The fina objective was to provide recommendations related to the design and
construction of bridge approach slabs for possible implementation by MoDOT. During the course of the
research project an additional objective was introduced, which was to conduct a survey to asses the
performance of the bridge approach dabs. The MoDOT resident engineers and subsequently

representatives in the neighboring states were sent a survey questionnaires administered via email.
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3. PRESENT TECHNICAL CONDITIONS

The present technical conditions were evaluated using the standards and specifications for
Missouri bridges. For a few specific bridges the actual design plans for the project were used for the
evaluation. For example, Figure 3.1 shows a typical cross-section of a bridge abutment in the
longitudinal direction. The seat-type abutments are typically supported on piles to a firm strata and tied
back to a deadman anchor at the base to restrain movement in the latera direction. The embankment fill
istypically shown asaClass“C” (shot rock fill) and occasionaly a clay plug is shown in the drawings to

facilitate pile driving through this rockfill embankments, as shownin Figure 3.2.
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Figure 3.1 - Typical Cross-section of a bridge abutment in longitudinal direction
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An evauation of the current design was made based on several meetings with MoDOT personne,
such as the progress report meetings, and by telephone conversation and inspection of the bridge plans.
The bridge approach dab (BAS) was designed to span as a one-way slab from the notch at the abutment
to the deeper beam (i.e., from a unyeilding pile supported abutment to a shalow footing support on the
embankment) unsupported at the wing walls. The bridge approach dab is 8n long and 30cm thick. The
deeper beam runs the entire width of the BAS lane and is 50cm thick. Drainage materia is placed below
the entire slab and a perforated pipe along the sleeper beam with an invert elevation at the bottom of the
deeper beam (see Figure 3.3a). It was determined that the bridge approach slab was designed to bridge
the 8 meter span from the abutment to the deeper dab, assuming a void would develop below the entire
dab. A standard bridge approach slab drawing is available on the MoDOT Bridge Standards Website,

http://www.modot.state.mo.us/business/standard drawings/approachdab.htm.  Figure 3.3a shows this

similar layout without a skew that is shown in typical drawings.

Since the design anticipates the development ¢ a void, a grid of holes through the bridge
approach dab were incorporated in the design to mudjack the dab back to designed elevation. The grid
of mudjacking holes is shown in the plan view for the bridge approach dab in Figure 3.3(b). The holes are
spaced at about 2.0 by 2.5 meters on center. Mudjacking of the dabs is the responsbility of the
maintenance operations and is typicaly done with a lean mix of sand and cement. Slabs are sometimes
mudjacked by a contractor using speciaized materials for pumping, such as foam. One of the name
brands of this pressurized foam is called Ureteka, which requires a different size of hole for the
application of the stabilizing dlab pumping. Different holes have to be drilled in addition to the cast-in-
place holes for the use of the Uretek& product. When excessive compression of the embankment
sructure is observed compaction grouting of the subgrade has been the corrective measure of choice. The
compaction grouting is performed to both raise the BAS and stabilize the embankment soil mass with its

cementitious properties of the grout.
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4. TECHNICAL APPROACH

4.1 General

The aim of this project was to identify the performance of the BAS and examine the failures
throughout the state. Once these mechanisms are identified and studied, a number of potential mitigation
measures were studied and prioritized for implementation into a revised design or a new approach to the
construction. Emphasis was paid to the soil-structure interaction and this transition location from the
unyielding pile supported bridge structure to the softer support at the embankment. The first task in the
research approach was to examine the existing technica conditions (Section 3.) followed by a literature
review of this common problem in bridge structures. These tasks were followed by a survey
guestionnaire of MoDOT Resident Engineers (RE) and additional questions to neighboring states
Departments of Transportation. Based on the data collected, two sites were selected for detailed study,
onein Livingston County and the other in Crawford County. The intent of these two case studies was to
collect embankment soil properties and analyze the deformation trends of the embankments where the
deeper beam and BAS are supported. Construction staging and sequence were also taken into account.
4.2 Literature Review

A literature review of the traditional problem of the bump-at-the-end of the bridge was conducted
and several mitigation measures were studied. A narrative description of this effort is contained in
Appendix A. Reference will be made to this appendix later in this report where specific mitigation

measures are discussed as they apply to the state of Missouri and the current design of the BAS.

4.3 Development of Resident Engineer’s Survey

A brief survey questionnaire was developed in consultation with the MoDOT task force. The
intent was to make the survey as smple and brief as possible so that it yielded considerable response rate.
The REs were asked to evaluate the performance of the bridges they were familiar with and assign a
designation to that level of performance. The survey as distributed in November 2002 is included in

Table4.1
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Table 4.1 — RE’ s survey distributed in November 2002

Bridge Approach- Resident Engineer Survey

The primary goal of this project is to evaluate the performance of the current bridge approach design.

This survey will serve to help identify and quantify bridge approach slab problems throughout the state.

Please attempt to fill out this survey for all bridges built out of your office from the mid-1990's to the present using the

current bridge approach design. Please be as complete as possible...Thank you, your help is appreciated.

Survey Designation-
1. No visible problem: approach slabs are functioning without any noticeable defect.

2. Some differential movement: noticeable differential movement at approach(s)-bridge interface, no corrective action required.
3. Problematic movement: bridge approach has moved enough to require corrective action (or is in need of corrective action).

Survey
Year Complete Name | Route County Designation Remarks- (Thoughts on cause of problem).

4.4 Survey Administration

The survey was distributed electronically to al the resident engineers by means of the MoDOT
email network. The kind assistance of Dennis Bryant, Construction, was provided for this survey, which
yielded a good response rate of 33%. Additionally, a series of questions were also sent to DOTSs at

neighboring states. The results of the survey are presented and discussed in Section 5 of this report.

4.5 Bridge Approach Movement M echanisms

There are anumber of modes of failure that may occur at the abutment. This section will identify
the most common causes of embankment movement and provide tools for predicting embankment
deformation. Causes of bridge approach movement include compression of the embankment fill material
during and immediately following grading operations, settlement or the creation of voids beneath the
seeper beam and approach dab due to the embankment fill not being constructed properly, such as,
having drainage problems or being composed of a poorly compacted material. Improper compaction

practices or the use of soils subject to volume change may lead to consolidation, shrinkage, or heaving
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embankment soils. Embankment soil may be lost to erosion or it may move lateraly out from beneath the
roadway due to improper design and/or construction methods. Additionally, the foundation soils may
undergo consolidation and/or secondary compression resulting in excessive settlement. The following list
is a summary of the topics researched in more detail in the work by Robison (2003) in Chapter 4 of his
thesis:

Compression of Embankment Soil

Water Intrusion Induced Compression

Loca Settlement - Subgrade Failure

Soil Volume Change due to Moisture Content Change

Construction Methods

Primary Compression of Foundation Soil

Secondary Compression of Foundation Soil
Erosion And Lateral Spreading Of Embankment Material

4.6 Evaluation of Performance— Two Case Study Bridge Sites
The original scope of work included the investigation of two bridge sites that have different levels
of performance. The selection process of these sites was comprehensive and based on the existing
information at MoDOT. Some examples of the information available at the time of the study are listed
below:
0 Pre and Post-construction subsurface exploration data for four bridges with approach dab. The
post-construction subsurface data was of special interest considering this datais not common for
a regular bridge development project (Bridge Designations. A-4145, A-4993, A-6182, and A-
5865).
0 Bridge plans with bridge layout and borehole data for the 33 bridges selected by the task force.
After careful consideration of all the information collected by the researchers and task force, it was

considered appropriate to select the two sites for post-construction embankment fill characterization and
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further study. These sites were located one in northern and the other in southern Missouri as shown in

Figure4.1.

Figure 4.1 — Location of Selected Case Study Bridge Sites

Bridge A-6031, Route 36, Livingston Co., reasons for selection:
1. Good documentation of construction, Resident Engineer and District Geologist cooperative
2. Extensive soil reports were available for this site due compressible foundation soils
3. Sitelocated in Northern Missouri - deep soft natural soil deposits, friction piles
4. Problem appears to be consolidation of foundation soils and fill placement.

Bridge A-5690, Route 19, Crawford County, reasons for selection:
1. Easy accessto site and construction records
2. Better performance than other site, but <till some indication of settlement.
3. Stein south central Missouri - shallow rock, rocky clay fills
4. Problem appears to be construction method/ high PI/ dirt plug

For both of the selected bridge sites the following information was collected: plans, soil reports,
construction information, and initial settlement calculations. A decision to perform additional subsurface

investigations (boreholes and seismic CPT) at these locations was made in early 2003.
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4.7 Subsurface I nvestigations

The purpose of the subsurface investigations at the two case study sites was to characterize the
soil materials below the bridge approach slabs. The extent of the investigations was focused primarily on
the embankment soils. However, some explorations did go beyond the bottom of the embankment.
Available subsurface data from the origina design of the bridge structure were used to determine the soil
profile conditions below the embankments. MoDOT materials staff conducted standard penetration
testing with sampling, Atterberg limit tests, pocket penetrometer tests, and rock coring. Borehole logs,
CPT logs and asummary of the laboratory test results are presented in Appendix B.

For the northern bridge site (A-6031), due to the presence of compressible deposits, a specia
foundation investigation was originaly conducted in 1999 by MoDOT, which incorporated handheld
pocket penetrometer and torvane shear tests, and consolidated drained direct shear tests. The specia
foundation report aso included consolidation tests and predicted 0.11 meters of foundation settlement &
station 14+187 14.5m Rt taking up to 9 months with half the settlement occuring in 2 months. A boring
at 14+257.1 15.36 m Rt was used to predict 0.23 meters of settlement taking up to 2 years and 5 months
for haf of the settlement. This research project generated data that complemented the previous
subsurface information available by completing four boreholes and two piezocone soundings. The
personnel of the MoDOT Soils & Geology division carried out the field investigations during the winter
of 2003. The locations of the boreholes and piezocones are shown in Figure 4.2. The embankment soils
of this bridge approach embankment consisted of lean to fat clay with some sand and gravel mixed in.
The piezocone soundings were able to penetrate to a depth beyond the bottom of the embankment until
they reached refusal on deeper sand deposits. Subsurface cross-sections of the approach embankments
(A-A’ and B-B’) for both ends of the bridge are shown in Figure 4.3, which were the basis for the models

developed for the deformation analysis.

10
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For the southern bridge site (A-5690), a conventional foundation investigation was conducted due
to the presence of relatively competent foundation conditions. MoDOT & so conducted this geotechnical
work for the original roadway and bridge design. This research project added to the previous subsurface
infamation available by completing four boreholes and three piezocone soundings. The personnel of the
MoDOT Soils & Geology division carried out the field investigations during the spring of 2003. The
locations of the boreholes and piezocones are shown in Figure 4.4. The embankment soils of this bridge
approach embankment consisted of lean to fat reddish brown clay with gravel. In the northern
embankment the fill material was much more sandy within the clay matrix. The piezocone soundings
were able to penetrate to a depth beyond the bottom of the embankment until they reached refusa on
deeper sand deposits. Subsurface cross-sections of the approach embankments (A-A’ and B-B’) for both
ends of the bridge are shown in Figure 4.5. These cross-sections were the basis for the models devel oped

for the deformation analysis.
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Figure 4.4 — Site Plan for Explorations for Bridge A-5690, MO 19, Crawford County
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Figure 4.5 — Subsurface Cross-Sections for Bridge A-5690, MO 19, Crawford County
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4.8 Numerical Deformation Analyses

To get a better understanding of the deformation characteristics of embankments and their
construction sequence a numerical model of each case study was performed. The materia properties
were obtained from the subsurface investigations and correlations by other researchers. The numerical
models were performed using the finite element method (FEM) as implemented in the program PLAXIS.

PLAXIS was originally developed beginning in 1987 at the Technical University of Delft for use
in finite dement modeling of the highly compressible soft soils of the lowlands of Holland. Since this
time PLAXIS development has advanced to the point where many geotechnica studies could be
evauated using this user-friendly program. In 1998 the first Windows version was released followed in
2001 with the appearance of the PLAXIS 3D Tunnel program. According to Brinkgreve (2002) the main
goal of PLAXISisto “provide atool for practical anaysis to be used by geotechnical engineers who are
not necessarily numerical specialists.”

PLAXIS offers the user a great deal of features and flexibility in modeling. Brinkgreve (2002)
notes, “PLAXIS version 8 is a finite element package intended for the two-dimensiona anaysis of
deformation and stability in geotechnical engineering. Geotechnical applications require advanced
constitutive models for the simulation of the non-linear, time-dependent and anisotropic behavior of soils
and/or rock. In addition, since soil is a multi-phase material, special procedures are reguired to deal with
hydrostatic and non-hydrostatic pore pressures in the soil. PLAXIS has special features to deal with
various aspects of complex geotechnical structures.” The Mohr-Coulomb analysis mode was used for this
project with both drained and undrained analysis for the respective soil layers. In order to conduct this
analysis some familiarity with soil mechanics grinciples is necessary. In Section 53 of this report, the

results of the deformation analyses are presented for each bridge approach dab case study.
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5. RESULTS AND DISCUSSION

5.1 Results of the BAS Surveys—Resident Engineers

Fourteen of the 43 RE offices responded to the survey resulting in a response rate of 33%. Datafrom 185
bridges was collected and returned by the RE offices. Possible causes of the problem suggested by the
Resident Engineers include: large fill heights, gumbo foundation soil (high organic content), insufficient
or improper subgrade compaction, seismic activity, heavy truck loads dynamicaly impacting the
approach, and water undermining the seeper beam. These suggested causes are very similar to

information available from other states and surveys.

Statewide Survey Summary Legend:
SD = Survey Designation

SD 1= No visible problem: approach slabs
Osp3 are functioning without any
15% noticeable defect.

SD 2 = Some differential movement:
noticeable differential movement at
approach(s)-bridge interface, no
corrective action required.

SD 3= Problematic movement: bridge
approach has moved enough to
require corrective action (or is in
need of corrective action).

SD2
17%

OsbD1
68%

Figure 5.1 — Resident Engineers Survey Statewide Results Chart.

It is clear from Figure 5.1 that bridge approach movement is a problem in Missouri. Data
regarding the extent of the problem prior to the 1993 design change is not known to exist, so it is difficult
to tell if the 1993 change was an improvement. Clearly the design i not functioning at what could be

considered an acceptable level of performance.

The survey response data of the individual offices were plotted using a Geographical Information

System (GIS) and the Missouri surficial materials map shown in Figure 5.2 to see if any correlations

17
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between soil types, depth to rock, or etc... could be made. This map layout is presented as Figure 5.2 and

it aso shows the four genera geologic regions by name.

MISSCURI DEPARTMENT OF NATURAL RESCURCES
GEOLOGICAL SURVEY AND RESQURCE ASSESSMENT DIVISION
RO, Box 250, Rolla, MO 65402

2
: Al T
1 Glaciated Plains

2002

LEGEND; [T Alluvium -- silt, sand and gravel --
up 1o 150 feet thick

[ Leess - siltand clayey sitt -
up to 100 feet thick

3 Glacial depesits -- clay, silt, sand
and grawel - up o 300 feet thick

[ Residuum from limastone and shale -
clay and silt -- up to & feet thick

[ Residuum from shale, limestone, and
sardstane - clay, silt and sand - up ta
10 feet thick

B Fesiduum fram cherty limestons - clay
and grawel - up fo 50 feet thick

[ Residuum fram cherty dokamite - alay,
silt ancl gravel - narmally l2ss than 10
feet thick, but locally may excssd 50 feat

[ Residuumn from sandstone and cherty
dolomits -- clay, silt, sand, gravel and

- — boulders-- up to 200 feet thick
I Residuumn from igneous ocks -- clay
WeStern and boulkders - up o 10 feet thick
Plains

S.E.
Lowlands

[51]

q 2 100 MILES

4

—r——
‘ o 0 = Bl 100 MLEE
el DHRGERAD Facl Shast Mo, 1B

Figure 5.2 — Surficial Materials Map of Missouri — source: MO Department of Natural Resources

It is apparent from Figure 5.3 that, as expected, bridge approach settlement is a statewide
problem. Interesting to note is the concentration of gray (survey designation 3) in the pie charts in East-
South-Central areas of the state. This band of unusualy poor performance seems to be bounded by St.
Louisin the East, Poplar Bluff in the South, Rolla in the West, and Columbia in the North. All of these
offices have construction projects in the shallow, rocky clay areas of the Missouri Ozarks. Often these
clays are highly plastic but they are not usually treated when used as construction materials by MoDOT.
Also, because of the amount of rock present in the soils, it is often not possible to test fill compaction

with the nuclear gauge (the standard MoDOT compaction test method).
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Figure 5.3 — Map showing the results of RE survey over Surficial Materias Map

5.2 Results of the BAS Surveys—Neighboring States

The response to the survey administered by Mr. Bill Strossner (FHWA) was very successful,
every neighboring state responded to the questionnaire. It was evident that the BAS problem is prevalent
in the Midwest. Several states have taken a proactive approach to study the problem. The mitigation
measures vary, but are repeated in application, such as flowable fill, select fill, pile-supported seeper
beam, construction sequencing, mudjacking, and asphalt overlays. A summary of what was learned from

the Neighboring states is presented in Table 5.1. The most recent publication found on these mitigation

measures of neighboring states was from the State of Illinois (Stark, et a., 1995).
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Table5.1— Summary of Survey to Neighboring States

1 |s the bump-at-the-end-of the-bridge a problem in your state? If Yes, to what degree? (Low,med, or high)

AR
1A
IL

KY

NE

TN

OK

2 Has your state conducted a study on this issue? If yes, please provide a reference/contact.

AR
1A
IL

KY

NE

TN

OK

3 How do your maintenance personnel take care of the problem?

AR

KY
NE
TN

OK

4 Does your state have areinforced concrete bridge approach slab at the abutment?

AR
1A
IL

KY

NE

TN

OK

Yes, Medium

Yes, Medium to High
Yes, Low to High
Yes, Medium

Yes, High at one time
Yes, Low

Yes, High to Low

Yes, Dr. Jack Gazin (501)569-2498 jack.gazin@ahtd.state.ar.us

Yes, Study currently underway by Dr. David J. White (515) 294-1463

No. However, our efforts found (Stark & Olson, 1995, University of Illinois -Champaign)
Yes, David Allen at the University of Kentuky Transportation Center

No. However, our efforts found (Tardos & Benak, 1989; Univ. of Nebraska)

No.

Yes, Dave Gridner, ODOT Planning & Research Division (405) 521-2536

AHTD current method for repairs is a foam injection process "URETEK" using 1.5 to 20 psf when BAS is
used.

Grouting under the approach slab and asphalt overlay.

Typically, a contract is let for a bituminous resurfacing through the depressed area. Raveling of the overlay
limits is a problem with this repair method, unless butt joints can be cut into the existing pavement.
Usually by just wedging with asphalt.

Case by case.

Des pite the use of approach pavements on practically all bridges, settlement of the roadway fills occur, due
either to incomplete compaction or subsidence of the existing ground under fills. Approach pavements just
act to mitigate bumps in most cases.

They fill the bump in with asphalt, mudjack, replace the slab or do nothing depending on the location and
severity.

Yes, details enclosed.

Yes.

Yes, the present design is a 30-foot long, 15-inch thick reinforced approach tied to the abutment.
Yes, not used at all bridges.

Yes.

Yes.

Yes.
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Table 5.1- Summary of Survey to Neighboring States (continued)

5 Does your state use select imported granular material behind the abutment and into the approach
embankment? If Yes, what type of material?

AR
1A

IL
KY
NE
TN
OK

No.

Yes, Porous backfill (pea gravel) around subdrain. Granular backfill (sand) to subgrade level. Modified
subbase (basically gravel)beneath pavement.

Yes, the abutment backfill is CA7, a 1-inch topsize crushed aggregate with few fines.

Yes, less than 10% passing Number 200 sieve - No shale.

Yes.

Yes, Class "A" grading D.

Yes, less than 10% passing Number 200 sieve - No shale. Flowable backfill is used between the wingwalls
to the depth of the wingwalls.

6 Arethere any other mitigation (fix) methods used with the approach embankment settles and the bridge
does not?

AR
1A
IL

KY
NE
TN

OK

Yes, see item No. 3.
Yes, we replace the approach slab and are trying to investigate other potential mitigations .

Yes, Mudjacking has been successful on some occasions. There is a concern that with integral abutment
bridges the grout may stiffen to abutment and not allow temperature induced movement.

No.
Yes, since 1996 we have been using grade beam (sleeper slab) on piles or deep foundations.

Yes, approach pavements, which ease the transitions. When settlement occurs, asphalt wedges are used
to fill the resulting dip.

7 Arethere any other design features or construction techniques employed in your state to mitigate or
minimize the bump-at-the-end-of-the-bridge" ?

AR
1A

IL
KY
NE
TN
OK

Yes, backfill behind backwall with flowable fill

Yes, Recently, the width of the "pavement notch" was increased on the abutment and the amount of
reinforcement steel has also been increased. Research project is currently underway.

Not at this time. However, we are thinking of longer approach slabs.

No.

Not at present. Tighter compaction requirements are needed.
Yes, avoid tall abutments and slopes steeper that 3H:1V. Also, place a bench on the 3:1 slope to add
stability.
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5.3 Results of Deformation Analyses

5.3.1 Input Parameters Common to Both Cases

MoDOT and UMR have conducted field and laboratory characterization of the two bridge
embankment soils. This post-construction field program includes drilling, sampling, and in-situ testing
(SPT, Shelby tube, and CPT explorations). Initia soil reports and plan balance areas made for the
original design and construction process have been reviewed, so the basic composition of both fills is
known. These fills were both constructed of CL materia (inorganic clays of low to medium plasticity).
NAVFAC (1986) and Kulhawy and Mayne (1990) give average strength and modulus parameters for a
typical engineered CL fill. The parameters used are modulus of elasticity (E = 1.03E* kPa), Poisson’s
ratio (n= 0.35), apparent cohesion (¢ = 86 kPa), internal angle of friction (f = 28°), and permeability (k =
10E° m/s).

In addition to the soil models, the properties of the structural elements supported by the soil must
be determined. The beam in Figure 5.6 was used to approximate the bridge approach seeper beam for the
embankments modeled in PLAXIS. This program requires the input of an axia giffness (EA) and a
flexural rigidity (El) for aplate loading. The beam input parameters are El = 2.6E° kNnmf/m, and EA=
1.2E" kN. Once these structural properties are determined, the loading of the plate must be estimated. A
truck loading of H-20 (40 kip) will fit on the approach slab, AASHTO (1996). It is assumed that the soil
settles out from beneath the approach dab and so the dab is forced to span a void from the abutment to
the deeper beam (commonly observed if embankment is built rapidly). The ultimate loading or increase
in stress felt by the approach embankment then is a combination of one half of the approach dab, the sdlf-
weight of the sleeper beam, and the traffic loading. This maximum estimated to be 56 kPa. Part of this
load is static permanent and part is temporary, however the maximum possible load of traffic load was
considered in this estimate. More details on when the loading is place are presented in the following

casesanalyzed.
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5.3.2. Analysis of Bridge A6031, Livingston County US 36

Congtruction work on job J2P0476C in Livingston County began in August of 2000 and ended in
November of 2002. The project included the construction of bridges and embankments to widen 8.9
kilometers of the existing two-lane US 36 to four lanes with paving to be completed under a different
contract in the summer of 2003. The twin bridges A6031 and A6032 were built to span the Grand River
flood plain. Both bridges are approximately 550 meters long and rely on a combination of driven H pile
and drilled pier foundations with their end abutments founded on H piling. The east abutment (bent 24)
approach of Bridge A6031 has experienced the worst settlement (almost 2") of the four approaches and
will be emphasized for this case study. Figure 5.4 is the plan drawing of the east abutment and Figure 5.5

is a photograph of Bridge A6031 taken from the east abutment.

i

',
— 1.0m Rock H|arkat
with Gactext| e Material I.-"_‘
113 Siope {Normal i i) ?4)

[Roodway | baml

Figure 5.4 - Br. A6031 East Abutment Side View Desgn.

The east abutment embankment fill of approximately five meters depth was constructed between
11-30-00 and 12-09-00. The deeper beam and dab were not built until the following year, being
constructed between 8-29-01 and 9-13-01. Thisalowed for an interlude of nine months for compression

to occur before the placement of the roadway.
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Figure 5.5 - Bridge A6031, Livingston County Rte. 36.

The soil conditions for this site are typical of the Northern Missouri glaciated plains region. The
topography is gently rolling upland dissected by the broad, nearly level flood plain of the Grand River.
Soil investigations reveaed till, loess, and residual soils, consisting primarily of stiff to very stiff lean to
fat clays. The foundation soil beneath the east abutment of Bridge A6031 consists of a combination of

clay, dlt, and sand layers.

Table 5.2- Pocket Penetrometer and Torvane Shear Strength Data
Foundation Soil, Br. A6031 East Abutment.

o 249 0 v EKe ¢
Depth (m) ecm- g S, (kPa) ecm’ g Sy (kPa)
0.5 0.75 38 0.2 20
1 0.9 45 0.75 75
2 0.5 25 0.2 20
2.5 0.75 33 0.2 20
4.25 0.5 25 0.15 15
5.5 0.5 25 0.1 10
15 2.25 110 - -
16.5 35 175 - -
18 45+ 225+ - -
19.5 4.5+ 225+ - ~
21 4.5+ 225+ - -
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Figure 5.6- Representation of Bridge Approach Sleeper Beam and Loading for PLAXIS Model.

The ultimate load discussed in section 5.3.1 and shown in Figure 5.6 were used for initial
PLAXIS runs to determine the stability of the approach embankment. With no stability problems noted, a
long-term consolidation loading was needed that would not include the transient truck loading. For this
long term consolidation loading a distributed pressure of 25kPa was calculated to represent the sleeper
beam weight and one half of the approach dab weight. Based on construction records, four stages were
used for the calculation phase; (1) construction of the embankment (10 days), (2) waiting period of 270
days, (3) congtruction of the bearing beam and approach slab (15 days), and (4) consolidation for 10
years.

Numerous computer runs were made in PLAXIS varying Young's modulus (E), cohesion (c),
angle of internal friction ), and permeability. Select results presented in Tables 5.3 and 5.4 are
designated as “low bound” (LB) and “high bound” (HB), respectively. The high and low bound refer to
the relative values of the strength and compressibility parameters. The clay layers were modeled as
undrained and the sand layers were modeled as drained for all runs. Drained runs using consolidation
data developed by MoDOT for the origina design were made to look at overal stability; no stability
problems were noted. The values of S, from the PP and TV tests (Table 5.2) were used for the undrained
low bound runs. Vaues of S, derived from the SPT testing (Hara, et al, 1974) were used for the high

bound runs.
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Mohr-Coulomb 1 2 3 4 5
Moddl, Soil Input new bc- upper clay scsl- upper sand gc-lower clay scsd-lower sand
Parameters embankment layer layer layer layer
Type Drained Undrained Drained Undrained Drained
Ounsat [kN/m?3] 19.00 16.00 16.00 16.00 17.00
Osat [KN/m?q] 20.00 18.00 18.00 18.00 21.00
Ky [m/day] 4.4E-4 1.81E-5 0.900 1.81E-5 0.900
Ky [m/day] 4.4E-4 1.81E-5 0.900 1.81E-5 0.900
Einit [-] 0.500 0.700 1.000 0.700 1.000
Ck [] 1E15 1E15 1E15 1E15 1E15
E o [KN/m?] 10300.000 5400.00 2100.00 16600.00 8700.00
n [] 0.350 0.350 0.200 0.350 0.200
Gra [kN/m?] 3814.815 2000.00 875.00 6148.15 3625.00
Eoed [kN/m?] 16530.86 8666.67 2333.333 26641.98 9666.67
Cret [kN/m?] 86.00 25.00 0.20 110.00 0.20
f [°] 28.00 0.00 30.00 0.00 37.00
y [°] 0.00 0.00 0.00 0.00 3.00
Einc [KN/m@/m] 0.00 0.00 320.00 0.00 0.00
Vref [m] 0.000 0.000 4.000 0.00 0.00
Rinter. [-] 0.65 1.00 1.00 1.00 0.7

(Note: see Figure 4.3 for location of soil layers 1 thru 5.)
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Table 5.4 - Material Parameters, High Bound.

Mohr-Coulomb 1 2 3 4 5
Moddl, Soil Input new bc- upper clay scsl- upper sand gc-lower clay scsd-lower sand
Parameters embankment layer layer layer layer
Type Drained Undrained Drained Undrained Drained
Qunsat [KN/m3] 19.00 16.00 16.00 16.00 17.00
Osat [kN/m?3] 20.00 18.00 18.00 18.00 21.00
K [m/day] 44E-4 1.81E-5 0.900 1.81E-5 0.900
k, [m/day] 44E-4 1.81E-5 0.900 1.81E-5 0.900
€init [-] 0.500 0.700 1.000 0.700 1.000
Ck [-] 1E15 1E15 1E15 1E15 1E15
= [KN/m?] 10300.00 10700.00 5700.00 24100.00 15400.00
n [-] 0.350 0.350 0.200 0.350 0.200
Go [KN/m?] 3814.82 3962.96 2375.00 8925.93 6416.67
Eoed [KN/n] 16530.86 17172.84 6333.33 38679.01 1711111
Cref [KN/m?] 86.00 210.00 0.20 520.00 0.20
f [°] 28.00 0.00 34.00 0.00 40.00
y [°] 0.00 0.00 0.00 0.00 3.00
Einc [KN/m?/m] 0.00 0.00 220.00 0.00 0.00
Vet [m] 0.000 0.000 4.000 0.000 0.000
Rinter. [-] 0.65 1.00 1.00 1.00 0.70

(Note: see Figure 4.3 for location of soil layers 1 thru 5.)
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The displacement along the centerline of the embankment was computed to be 0.6 m for the low
bound parameters and 0.25 m for the high bound parameters. It should be noted that this is the total
deformation of the embankment including initid compression and consolidation that occurs before the
congtruction of the approach pavement. This total displacement is not representative of the settlement of
the roadway or any differential observed in the field. Figure 5.7 illustrates soil displacement within the

embankment for the high bound condition.

meters
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Figure 5.7- High Bound Total Displacement Shadings Br. A6031.

The relative lack of sophistication of the input data when compared to the tool used to model the
abutment should be mentioned. The predicted displacements, particularly in reference to the timing of
construction operations are instructive, but not as accurate as they would be if high quaity input data was
available. Thislack of accuracy isillustrated by the range between the high bound and low bound curves
(Figure 5.8). As anticipated, the maority of deformations occur during the initial embankment

construction. See Appendix C for complete PLAXIS generated reports from the individual runs.
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Figure - 5.8- High & Low Bound Displacement Curves East Abutment Embankment Br. A6031

The deflections that are generally noted by construction and maintenance personnel are generaly
differential settlements between the pile supported abutment and embarkment supported approach. These

deformations occur following the construction of the approach dab. These settlements are structurally
important deflections and designated as delta, using the symbol d. The concept of structurally important

deflections is emphasized in Figure 5.9, the calculated low bound curve.
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Figure 5.9 - A6031 Low Bound Vertical Deflection Curve Showing “ Structurally Important
Deflection”

The time a which the approach dab is complete or, put another way, the moment the fina

roadway grade isin place, is estimated to be half way or approximately seven days through the approach
slab construction phase based on construction records. The displacement (d)2hen is equal to one half of
the approach construction settlements and the 10-year consolidation settlement. This yields a structurally
important deflection on the order of 0.07 meters for the low bound condition. Field survey observations
taken at the joint above the degper beam by MoDOT construction forces indicate that after twoyearsd is

equal to two inches or 0.05 meters relative to the bridge abutment.

5.3.3. Analysisof Bridge A-5690, Crawford County, MO 19
Similar analyses was carried out for the A-5690 bridge located in southern Missouri on Route 19 crossing
the Meramec River south of Cuba, MO. Instead of repeating all the steps shown for the other case study

only the salient points are mentioned in this section. The approach embankment was not symmetrical
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making this case dissimilar to the one in Livingston County. The finite element mesh developed for this
mode is presented in Figure 5.10 (a & b), notice the non-symmetricadl embankment. The total
deformation of the embankment soils and structural elements was about 8 cm from the time the
embankment was topped off to when the first whedl load was applied. Obviously, this deformation
cannot be observed in the field due to the sequence of construction and time when the bridge approach
dab was built. About half of this deformation can be attributed to the post dab construction
deformations. The depression observed on this bridge was moderate, actudly the driveability is quite

well when compared to the other bridges.

NOTE: Deformations are exaggerated 50 times for the purpose of presentation only.
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Figure 5.10 (a) Deformed mesh results of Bridge A-5690 in Crawford County. (b) Contours of
deformations for the loaded bridge approach dab on the top of embankment.
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6. CONCLUSIONS

This one-year project brought to light several issues regarding the transition between the bridge
and the embankment earth structure. Some of the conclusions are more factua than others given the
nature and complexity of the problem, which involves multiple design aspects in this transition
component of the bridge.

The first conclusion came in agreement with the studies made by the MoDOT BAS task force,
which was that Missouri’s current bridge approach slabs are not performing at an acceptable level. Data
from 185 bridges statewide indicates that 15% of bridges built with the current design have required or
are in need of repair. A further 17% of this sample has exhibited noticeable differential movement.
Clearly, some modification to existing design and construction procedures is required. Neighboring states
aso have the same kind of problems and they have severa ways to mitigate the problem. Any
recommendations implemented by MoDOT should be shared with the neighboring states.

There are severa means to reduce the occurrence of the “bump @ the end of the bridge”
phenomena and approach embankment design options are available and well documented. They range
from costly to relatively inexpensive and from complicated to ssimple. Geotechnica (soil mechanics)
techniques can be used to predict when the potential for a problem exists. The various means of reducing
the settlement of the embankments need to be established on a case-by-case basis as determined by the
design interactions between the geotechnical engineers and the bridge designers.

This research project used modern numerical methods to determine the embankment settlement
and it compared well with the general observed conditions. The use of typical geotechnical data for input
parameters results in useful but relatively large ranges of the predicted settlement due to the inability of
assessing modulus and related deformation parameters. The low bound structurally important deflections
predicted for bridges A6031 (0.07m) and A5834 (0.03m) are reasonable and compare well with field
measurements. The use of numerical analysis alows for design scenarios where staged construction can

be evauated.
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The construction sequence has a significant effect on the final performance of the embankment
and bridge approach dlab. If the BAS is built with the bridge contract, the embankment will not have
enough time to compress or settle. The construction of the slab should be delayed as much as possible to
avoid the consequences of not meeting gade. Stiffening of the embankment by select means (flowable
fill, select crushed rock, geosynthetics, grouting, etc.) will tend to make the embankment less
compressible. The objective is to have more compatible stiffness between the bridge and the

embankment. The abutment could be made less stiff as well, but this would require shallow foundations.

7. RECOMMENDATIONS
After the evaluation of the performance and deformations of the embankments, a series of
recommendations have been selected for implementation by MoDOT. The recommendations are not in
any particular order or ranking. Economic analysis was not within the scope of work, the evaluation was
limited to technical considerations of the available construction practices in the Midwest. The following
recommendations address both design and construction issues.
7.1 Design of New Bridges Approaches
The bridge approach dab is arigid structural element that will deform abruptly if the foundation
materials yield. The bridge approach slab should ke treated a another structural element of the bridge
that requires a foundation. However, the foundation soils are man-made as bridge approach
embankments that need to be designed in close collaboration with geotechnical and bridge staff. The
following are some recommended guidelines for design:
Exploratory boreholes should be designated about 30-50 feet away from the planned location of the
abutment to investigate the foundation soils under the approach embankment. If the embankments
are anticipated to be in excess of 10-ft in height, a subsurface investigation should be undertaken to
assess stability and compressibility behavior of the foundation soils below the proposed
embankments. This subsurface investigation should consist of boreholes with adeguate sampling of

the existing foundation soilsto determined the engineering soil properties.
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Where possible the slopes of soil embankment should be flattened to 2.5H:1V, which tends to
increase stability and reduce deformations of the embankment. A select material (low in fines
content) should be used for abutment embankments. If the proposed embankment material is plastic
(having a Pl greater than 15-20) treatment of the soil or aternate borrow sources should be
considered. How far back the select fill will extend will be project specific and required further

design, but most likely between 50 and 100 feet.

For approach embankments higher than 10-ft in height a geosynthetic reinforced backfill behind the
abutments should reduce the lateral loads on the bridge structure, add confinement of the fill soils and
increase the stiffness of the embankment. This should result in more compatible stiffnesses between
the earth structure and bridge. Additionally, a layered system with the geosynthetic inclusions (e.g.,
18 inches lifts) will demand proper attention in the construction of the approach embankment. [f
these layers of geosynthetics are pay-items the contractor will be aware of the importance of this

bridge component.

If gaps are still present between the wingwall and abutment a flowable fill or geofoam could be used
to fill the gap. Both of these options have cementitious properties and in the long-term will tend not
add large load to the wing walls and abutments if the remainder of the approach embankment behind

the abutment has been reinforced.

It is recommended to reassess the structura requirements of the steel rods into the anchor deadman
behind the seat-type abutments and evaluate if they can be replaced with a reinforced soil system.
The experience during construction is that they interrupt the earthwork operations and that working
around them is troublesome. It is not clear why this anchoring system is necessary and if it would

still be the case with areinforced soil embankment.

The sleeper dab drain should be placed at an elevation below the bottom of the sleeper beam and

specify at least 2’ of crushed or shot rock beneath the deeper beam and approach dlab.
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Compression of foundation soils must be anticipated and considered in design. If the proposed
foundation soils are prone to consolidation then surcharging, replacement, wick drains, stone

columns, rammed aggregate piers, or other options should be considered.

Where the fills are not high and the foundation soils are competent, such as in rock cuts or firm

ground, the approach pavement system should be less stringent.

7.2 Abutment details:

The abutment should be designed such that no overhangs or notches are present. This makes it very
difficult to adequately compact the backfill material kelow these overhangs. When the materia

immediately below these overhangs is not well compacted it starts creating a void that is very difficult
to observe in maintenance and subsequently it gets inundated with water to worsen the situation and
increase the migration of fines. Different means of supporting the bridge approach dab need to be

identified in order to have a straight backfill wall.

Consider shallow bridge foundations when competent ground is at a shallow elevation. This will
make the bridge foundation less expensive and more deformation compatible with the embankment
earth structure.

7.3 Construction of New Bridge Approaches

Earthwork Construction Sequence: Construction should be staged to alow the approach
embankment and foundation soils time to compress prior to BAS and pavement construction. For
fills greater than 10-ft in height specia specifications should be written into the plans. The concrete
bridge approach dab should be built at the same time as the pavement, that is, several nonths after
the embankment is topped off. An additiona layer of fill above the final grade of the bottom of the
bridge approach dab should be compacted at the time of the initid embankment construction. This

additiona layer provides a small surcharge load and additional confinement for better compaction of
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the layer below. When it is time to construct the bridge approach dab this material should be

removed and the appropriate drainage materia be placed, if not aready in place.

Instrumentation & Monitoring: Settlement should be monitored with embankment instrumentation
prior to pavement construction for fills that are in excess of 10-ft. This may require having a survey
crew periodically spot check the elevation at some monuments 50 ft away from the bridge abutment.

An indication of when the embankment stops settling should be apparent.

Review grading inspection procedures. (1) The compaction criteria of at least 95% should be
maintained for the entire height of the approach embankment under the bridge approach slab, sleeper
beam and pavement concrete, that is about 60-80 feet away from the abutment. (2) MoDOT should
consider other grading inspection procedures for soils currently considered “too rocky to test”.
MoDOT should consider the use of a stiffness gauge instead of a density only criteria that uses

physical and nuclear densometers.

8. PRINCIPAL INVESTIGATOR AND PROJECT MEMBERS
Principal Investigator: Dr. Ronaldo Luna, University of Missouri-Rolla

Graduate Students: Jonathan L. Robison, University of Missouri-Rolla (SCI Engineering, Inc.)
Andrew J. Wilding, University of Missouri-Rolla

9. IMPLEMENTATION PLAN

91 Objectives:

Implementation of the recommendations from this project will result in the following
outcomes:

1. Improved performance of bridge approach slabs with respect to settlement.

2. Increased likelihood of success and expanded impact of future research projects.
3. Provide a smoother ride and transition from the embankment to the bridge.
4. Reduced life-cycle costs for the bridge approach dab — reduced maintenance costs.

The question of how to proceed to accomplish these implementation objectives follows.
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Proposed I mplementation Process

The proposed recommendations in section 7 of this report should follow a process that

demondtrates that the changes to design and construction will perform adequately. Therefore, a series of

steps are presented as a proposed implementation process.

a

Come to a consensus that stiffening of the embankment fill and controlled foundation soil settlements
are the solution to be implemented.

Stiffening of the embankment will be accomplished by reinforcing the soils with geosynthetics (e.g.,
geotextiles) — providing lateral support, confinement and a layered earthwork operations.

Design the construction sequence (timeline) of the embankment construction, geotextile patterns and
seams, drainage layer, settlement monitoring and bridge approach slab construction.

Design a prototype approach embankment for a future bridge abutment providing al design details
and specifications. This design should involve constructability and cost evaluation.

Select a bridge structure where this design can be implemented. The approach embankment near the
abutment should be at least 10 feet high. Preferably, this should involve twin bridges where one
bridge is reinforced and the other not. This would alow for comparison to the construction issues
and performance of deformations.

Install settlement plates and survey monuments for the continuous monitoring of the deformations.
The settlement plate should be installed at the bottom of the embankment to separate the
compressibility of the embankment and the foundation soils.  This exercise will be the basis for
developing the instrumentation and monitoring plan for approach embankments near the abutment
(those that support bridge approach dabs).

Most of the movement of the embankment will tend to happen in the first 6 months of the
congtruction and it is in this period that the embankment should be closely monitored until it
stops moving.

Once the performance of the new bridge approach embankment is acceptable after being
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subjected to traffic, then revisions to the current design and specifications should be implemented.

9.3 Milestones

Four (4) milestones are anticipated in the proposed implementation process. The actual dates or time

intervals between the milestones are not provided and will require input from MoDOT and reviewers.

1) Once the consensus of stiffening of the approach embankments via geosynthetic reinforcement is
reached, then MoDOT will have a well-defined direction to solve this problem. The collaboration
between Soils & Geology, Bridge, and Design (Project Development) divisions is very important.

2) Complete the design prototype for areinforced approach embankment greater that 10-ft high.

3) Construct the proposed demonstration approach embankment project including reinforced and non-
reinforced performance evauation. This milestone will be reached at least one season after the
embankment is constructed.

4) Develop design and construction specifications for use in standard construction.

94 Business Units Affected.

The following units will be impacted by the successful implementation of the findings:

Unit Contact
Materias
Geotechnical Mike Fritz, Tom Fennessey
Pavements John Donahue
Construction Dennis Bryant
Design
Bridge Development Dennis Heckman
Maintenance Carl Callahan,
RD&T Patricia Lemongelli
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Appendix A

REVIEW OF LITERATURE - AVAILABLE MITIGATION MEASURES



There is a large amount of literature available on the subject of bridge approach
problems. Some of the literature reviewed and referenced for this work concentrate on surveys
of various state agencies and statistical representations of current design, construction, and
maintenance practices. Other reports focus on individual case studies and the methods used to
correct anticipated problems.

It is important to keep in mind a few principles as this subject is investigated. Some
amount of differential settlement at bridge ends is practically unavoidable. The different
mechanisms of settlement are well known and documented and may be individually remediated,
however a combination of these problems is nearly always at work. An approach slab will not
change the amount of the embankment settlement that will ultimately develop. The approach
dab is strictly a tool to lessen the severity of the bump; without it a dramatic grade differertial
may develop. Figure A.1 from Hoppe (1999) illustrates the settlement of the approach dab.

Note the potential contribution of both the fill material and the foundation soil.

=
\\:

Figure A.1- Typica Approach/Abutment with Settlement, Hoppe (1999).



If some amount of settlement is inevitable, how much is acceptable? In a recent study,
Briaud, et a., (1997) recommends a maximum allowable slope differential of 1/200. This
corresponds to a maximum settlement differential of 1.5 inches on an approach slab of 25 feet.
Even this level may be unacceptable, particularly if the loss of material beneath the slab results
in the structural failure of the paving haunch (notch) or in problems with guardrail or other
bridge end appurtenances, or if the dip in the roadway creates a dynamic loading situation,
thereby magnifying the problem and negatively impacting the bridge itself.

It isimpossible to overstate the importance of the soil exploration program to the ultimate
success of any geotechnical design. Clearly, if soil behavior cannot be reliably predicted, then
anything built of soil or bearing on soil is inherently of questionable soundness. If soil behavior
may be clearly defined and quantified through exploration and laboratory testing, it may be
controlled or its effects remediated through a variety of procedures.

In some cases, conventional engineered solutions such as pre-1oading the embankment, or
removing or treating unsuitable foundation soil, or even just a change in the timing of
construction qoerations may reduce the eventual approach movement to an acceptable level.
More involved procedures may be employed such as pre-cambered approaches, mechanical or
pneumatic sleeper jacking, approach fill stiffening with geotextiles, pre-formed grout holes,

temporary paving, lightweight fills, or pile-supported embankments.



A.1l CONSTRUCTION STAGING, INSTRUMENTATION, AND PERFORMANCE

SPECIFICATIONS

A number of procedures exist that will reduce differential settlement at bridge abutments
assuming its cause is some sort of soil compression of either the embankment fill material or the
foundation soils.

A simple method of applying a consolidation load to the soil prior to the construction of
the bridge approach would be to enforce a time period of waiting between embankment
construction and approach dlab construction. Many projects are let in stages with the grading
and bridges first, followed by the paving in a later contract. If the approach system was let in
conjunction with the paving instead of the bridge a good deal of settlement would have occurred
prior to paving and could be corrected for during the construction of the approach.

Instrumentation of fills should be implemented any time a substantial consolidation
settlement is anticipated. Instrumentation could be as simple as a construction survey program to
periodically check witness plates, or more elaborate instruments as suggested by Brylawski, et
al., (1994), (Figure A2). In this case, horizontal inclinometers and liquid settlement tubes with
pneumatic pressure sensors were used to track the settlement of the approach embankmentsin a
particularly poor soil.

Since the contractor is the most familiar with his equipment and preferred technique
perhaps he could be required to produce a quality control plan for the construction of all of the
bridge approach components (subject to DOT approval), after the job is awarded. This
procedure could be developed as a performance-based specification to contractualy specify a
maximum differential settlement over a certain time period and give the owner some recourse if

the approach fails. Nunnally (1998) defines a performance-based specification as a specification



that “specifies only the end result to be achieved and leaves to the contractor the choice of
equipment and method.” The approach lends itself well to a warranty required type of operation.
If the contractor is alowed to build the approach embankment according to his own plan with the
knowledge that he had to guarantee his work, he would likely take much greater care to build it
correctly. In his study of performance specification use for pavement foundations in the United
Kingdom, Fleming, et a., (2001) asserts that the use of a performance specification for pavement

foundations would provide assurance of the ‘as-constructed’ performance of the pavement

foundation.
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Figure A.2 — Chesapeake & Delaware Canal Bridge Instrumentation Layout, after Brylawski, et
a., (1994).
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A.2 PRECOMPRESSION AND LIGHTWEIGHT FILLS

According to Bowles (1988), precompression may be used to accomplish two major
goals; to eliminate settlements that would otherwise occur after the structure is built and to
improve the shear strength of the subsoil by increasing the density, reducing the void ratio, and
decreasing the water content. Bowles states that precompression is “a relatively inexpensive,
effective method to improve poor foundation soils in advance of construction of permanent
facilities’.

A reduction in the increase in pressure felt by a foundation soil due to embankment
construction will also decrease settlement potential. Loading may be reduced through the use of
lightweight fills such as lightweight aggregate, expanded polystyrene, lightweight concrete, or
others. If expanded polystyrene is considered, the potential problem of uplift or flotation should

be examined for any water crossing (Figure A.3), (Sew, et a., 2001).
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Figure A.3- Expanded Polystyrene at Bridge Abutment after Sew, et al., (2001).



A.3FOUNDATION SOIL CONSOLIDATION SETTLEMENT ABATEMENT

If a foundation soil is found to be prone to consolidation, a number of methods exist to
lessen the potential settlement. In addition to the staging and preloading options mentioned
previously, several options are available to shorten the drainage path thereby hastening the
consolidation process. These options include wick drains, stone columns, rammed aggregate
piers, and others. More elaborate efforts may be required in very poor soils to prevent
unacceptable levels of settlement.

Wick drains and stone columns are both effective methods to decrease the time required
for consolidation. Rammed aggregate piers may be used to substantially improve the soil
stiffness while at the same time reducing the drainage path (Fox, 2001). lowa has used both
stone columns and rammed aggregate piers to support embankments. In his study, White, et al.,
(2002) notes that the rammed aggregate pier supported embankment settled significantly less
than the stone column supported fill (5.4cm vs. 19.5cm under 6m of fill). lowa is currently
experimenting with the use of rammed aggregate piers to reduce settlement at bridge approaches.

There are several options available to improve a site with very poor foundation soils.
Deep cement mixing columns have been successfully used to reduce total and differential

settlements from a soft clay foundation at a bridge approach (Figure A.4), (Lin, et ., 1999).
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Figure A.4- Elevation View of Bridge Approach Utilizing Deep Cement Mixing
Columns, North Approach Jiasha No.1 Bridge, Lin, et a., (1999).
Another option to mitigate the presence of exceptionally compressible soils is to remove
these soils down to a more competent stratum, and replace with suitable material. Tadros and
Benak (1989) discuss this aternative (Figure A.5). Excavate and replace may be the most

economical solution, particularly in areas with shallow rock or firm ground.
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Figure A.5- Over-excavation of Unsuitable Deposits, Tadros and Benak (1989).

Pile supported embankment may be specified in extreme cases to enhance transition
smoothness, (Sew, 2001), (Figure A.6). The piles support a high-strength geotextile stiffened fill
and require an in depth soil exploration program and settlement analysis.

This solution does have its drawbacks. The piles are driven into the foundation soil prior
to its consolidation. As the soil consolidates and moves downward relative to the pile, a negative
skin friction is developed (Bowles, 1988). This friction imposes an additional load on the pile
and must be accounted for in design. Winterkorn and Fang (1975) provide a method for the

estimation of down-drag potential.
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Figure A.6- Piled Embankment with Transition Piles after Sew, et al., (2001).

A.4 PRE-CAMBERED APPROACH SYSTEMS

If the approach pavement settlement cannot be controlled with economical means a pre-
cambered roadway approach may be specified. 1n his 1999 report for the Virginia Department of
Transportation, Hoppe (1999) recommends this solution, “Where practical, implement pre-
cambering of bridge approaches at up to a 1/125 longitudinal gradient... to accommodate the
differential settlement that will inevitably occur between a structure constructed on deep
foundations and adjoining earthworks.”

The pre-cambered design utilizes a paving notch similar to the current MoDOT standard
design. A concrete dlab is supported by this notch and is effectively hinged at this point and
allowed to nove radially (Figure A.7). Above the dab is placed base courses and flexible
pavement. Obvioudly, the flexible pavement over the dab will absorb some movement below it

but not a great extent. The pre-cambered approach system then requires an accurate assessment
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of settlement potential. Assuming that such assessment is possible, this solution should be
considered. The pre-cambered approach design could be specified in situations where time is not

available for more conventional settlement remediation i.e. preloading, wick drains, etc...

Changa In slops < 17125

Figure A.7- Pre-Cambered Approach Design, Hoppe (1999).

A.5 APPROACH FILL STIFFENING

The use of a geotextile reinforcement increases the modulus of elasticity of the fill. This
helps distribute traffic loads over a larger area and decreases subsequent approach settlements.
The Wyoming Department of Transportation has had success with this method. According to
Price and Sherman (1986), no repair has been required on any of the bridge approaches

supported by embankments built with fabric reinforced soil (FRS) walls (Figure A.8).



Monley, et a., (1991) recommends including a collapsible inclusion between the tensile
reinforced approach fill and the abutment wall. This addition helps to mobilize the tensile
resistance of the reinforcement and decrease stress on the abutment wall during compaction
operations. Monley asserts that overall, the addition of the collapsible inclusion results in

smaller, more uniform deformations.
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Figure A.8- Wyoming DOT Geo-Fabric Reinforced Soil Walls, Briaud, et a., (1997).

A.6 REINFORCED SOIL SUPPORTED SHALLOW FOUNDATIONS
Recent advances in geosynthetic materials and designs have led to a number of
noteworthy bridge projects involving the use of shallow footings to support the end abutment and

approach structures. Colorado has implemented these designs at a few locations with good



performance results. Worldwide this design has been used in various forms in Austria, Australia,
France, Japan, and Italy (Wu, et a., 2003).

Abu-Hegjleh, et al., (2003) investigated the use of a geosynthetic-reinforced soil (GRS)
system to support shallow footings in the Denver, Colorado area (Figures A.9 and A.10).
Completed in 1999, this project on the Founders’Meadows Parkway supports the shallow
footings of a two-span six-lane bridge as well as the adjoining earthworks. AbuHejleh reports
the following performance related information: “the monitored movements of the
Founders/Meadows structure were smaller than those anticipated in the design or allowed by
performance requirements, post construction movements became negligible after an in-service
period of 1 year, and there was no evidence of the ‘bump at the bridge’ problem after 35 months

in service.”

Lower
GRswal T

Figure A.9 - View of the SE side of the FoundersMeadows GRS Abutment Structure,
after Abu Hejleh, et a., (2003).



GRS systems have many advantages. Wu, et al., (2003) notes that, “GRS structures are
typically more ductile, more flexible (hence more tolerant to differential settlement), more
adaptable to low quality backfill, easier to construct, requires less over-excavation, and more
economical” than more conventional construction.

As can be seen from Figure A.10, the supporting engineered soil fill is resting on solid
rock. This alows for absolute surety of foundation conditions for the construction personnel.
This would offer a degree of assurance to the structural designer that the spread footings would,

in fact, be able to support the loading without undue settlement.
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Figure A.10- Typical Cross Section through the Front and Abutment GRS Walls, Abu Hejleh, et
a., (2003).



Other designs have been implemented that do not require excavation to rock. These rely

on afirm soil layer to support the GRS reinforced soil mass. A good example of thisis the Black

Hawk bridge abutment located in Colorado shown in Figure A.11. This project also incorporated

several preloading cycles on each footing that were greater than the design load and sustained for

a number of minutes (Wu, et al., 2003). Wu notes that after the first few cycles of preloads, the

observed settlement reduced to negligible amounts.
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A.7 TRADITIONAL SOIL SUPPORTED SHALLOW FOUNDATIONS

Traditional spread footing design for the bridge abutments may be considered in
competent ground. Standard geotechnical design practice is to allow settlements of one inch or
less in footings supporting structures. Several studies confirm the practicality of shallow
foundation design for bridge support.

Walkinshaw (1978) reviewed field performance of 35 bridges in western states that were
supported on spread footings. He states that poor riding quality did not result until settlement
exceeded 2.5 inches. In his study, Sargand (1999) concludes that, “Overall, the current study
demonstrated that spread footings could be used successfully to support the highway bridge
structures on both cohesionless and cohesive soils...” Felio (1994) documents a successful
implementation of a shallow foundation on a sloped fill, and the instrumentation requirements of
aspread footing for a bridge end abutment (Figure A.12). If spread footings were used, then the
approach and end bent would settle together and the differential settlement problem would thus

be aleviated.
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Figure A.12- Shallow Footing with Instrumentation, Felio (1994).

A.8 PREFORMED GROUT HOLES

design for MoDOT approach systems (Figure A.13).

If the designer must presuppose the settlement of the approach, then grout holes may be

left in the pavement to facilitate mudjacking operations. This option is currently the standard

beneath the dab and will, in some cases, lift the approach dlab. However, to raise the leeper and
approach pavement, additional holes have to be drilled through the sleeper or the jacking
apparatus must be inserted deep within the embankment. Mudjacking is reasonably effective if

settlement is complete. If settlement is not complete the slab may have to be pumped multiple

times, and the process is inconvenient for the traveling public.
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Figure A.13- MoDOT Standard Approach Slab Design Plan View.

Deep compaction grouting has also been used on some MoDOT bridges recently. In this
method, grout is pumped deep within the embankment to stabilize and lift the entire fill. Initial
reports of effectiveness are good. However the long-term success of this procedure for highway

bridge abutment embankments is still being evaluated and the method is considered quite costly.

A.9DRAINAGE AND LATERAL MOVEMENT

Positive drainage must be ensured without erosion of fill material. Maryland Department
of Transportation’s (Maryland DOT) standard abutment design taken from Briaud, et al., (1997),

incorporates a number of features to provide this (Figure A.14). Select drainable fill is placed



both beneath the approach pavement and next to the top of the embankment. Also the fill is
sloped to drain and partially covered with a geotextiles. A small concrete sleeper is placed to
ensure water moves to the drainage pipe inlet, and the drain is located at the base of the column
or just above finished ground line.

Some fills exhibit a tendency to move laterally (shove). To remedy this problem
abutments may be keyed directly into the rock strata (if shallow enough), and act as a retaining
system. If bedrock is relatively deep, a full height closed abutment founded on piling may be
considered or a mechanically stabilized abutment system might be necessary. The Maryland
DOT’ s full cantilever abutment design incorporates a full height retaining wall as well as several
specialized water draining features. Contrast this with the MoDOT sleeper drain located too
high to remove water from beneath the sleeper beam (Figure A.15). It is important to note that

the drain needs to be sloped properly to carry water away from the center of the embankment.
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A.10 MECHANICAL AND PNEUMATIC SLEEPER JACKING

Mechanical and pneumatic sleeper jacking are smilar. Both rely on a pre-built lifting

system to raise or lower the approach grade (see Figure A.16). The ability to lower the slab

Mechanical and

could be important if the approach is constructed on top of an expansive soil.

pneumatic sleeper jacking are mentioned by Tadros and Benak, (1989).
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Figure A.16- Pneumatic Adjustable Sleeper, Tadros and Benak (1989).

A.11 TEMPORARY PAVING

If a project has to be completed and open to traffic without time for surcharging or other

methods, then temporary paving may be considered. To successfully use this method, approach

settlement should be calculated accurately and time factors should be derived as well from a

thorough investigation of the foundation and fill materials. Without these precautions, the



permanent pavement may be placed only to fail as consolidation or other compression processes

continue.

A.12 ROADWAY PAVEMENT DESIGN

Prior to the introduction of the concrete bridge approach sab, the approach to the bridge
was simply the typical asphalt or concrete pavement section. It is possible that this design would
be effective when combined with surcherges and/or other measures to lessen foundation soil
consolidation settlements and if the fill beneath the pavement is competent. If the approach is
constructed of asphalt and problems occur, the asphalt surface may be milled up and replaced

with a leveling course.



APPENDIX B

FIELD EXPLORATIONS (Boreholesand CPTSs)

AND LABORATORY RESULTS
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1o
L oI asa | o 17 | 15 ~J—< .
i :}{ 2810 18 |05 17 gt:.:?tlgind 'E?L.l!'."lr trace sand with gravel . &l
4.1 : |I Y
] 1471 %
15 145 I ] b
1¥] 15-13-21 | 34 14 | 15 e ®
- L i :I_ i
ﬂ ge8 | 17 |05 18 m| o®
m 20 i .! :-"
:ﬂ 2230-23 | 53 12 | 17 g 18
i ] i ! L
ﬂ 10-12-11 | 23 13 e e
25 | J
FUSH / M recoy i 5
:}' 1.3.3 & |1 28 | 28 | 10 Brown to gray lean SAMDY CLAY, soft, .G i ".
" 301 - \
Gray to brown lean CLAY, trace sand and “ i
B ] PUSH 1.3y 27 / gravel, soft L] L]
L W 2345 | 18 |02 18 % | o«
i P2 +a] Fine to madum grained GRAVEL, very D N
L ;UDQ dense.
35 o S L) :
| ] 202826 | 54 a0 fF'E » .
i ::_'D-\‘-
S ]
. “TOOLOMITE, moderately hard. i ]
] - B4 END OF BORING ¢ 35 F T, W
STARTED COMPLETED PETL LS
DATE HOLE 5-5-03 5-5-03 S UNIVERSITY OF MISSOURI-ROLLA
ELEVATION TOP OF HOLE {FT} — Z;*;_[.;@I_ . DEPARTMENT OF CIVIL ENGINEERING
ELEVATION GROUND WATER (FT) = "-"l.ﬂ'__ GEOTECHNICAL ENGINEERING
T22.0
LOCATION
Route 19 over Meramec River Sta 285+83, 25.6' LT Northern Site Bridge No. A-5690
MAME OF DRILLER DRILLING EQUIFMENT Crawford County, Missouri
i Lambearson Falling 1500
_:_E:‘;:‘EM'{ETTTiT_ | : :J;;.Elﬁm AFPROVED JOE Mo, RIOZ-L0T BORING Na
g LHCOHFIED CONMPAESETVE ETRENITH T.5.F | PL | PLASTIC LIMITH %
x| ERTER TARLE CN PREATIC LEVEL 1o | Poazmoms HIEE W % 1 OF 1 SHEETS ﬂJMR'ﬁ_



BORING LOG Mo:

BUMR-7

BELOWS g, M1 2 3 4 5
DEPTH OMN M [ aq, |w, | LL | Pl |Symbal DESCRIPTICN Wil
M FT| SAMPLER MWEID 20 3 40 50
1 | Reddizh lean CLAY, with gravel, soft o
] 224 & ((0.0y) 20 / medium s4iff '3 * ‘
] Brown lean CLAY, with gravel, soft to Iy
B i{] §-3-3 & |i05)| 16 | 49 | 20 //7/ e st % q\
— 5 1 / EI'.I '-»L‘I
PUSH (.| 27 !:'. -
L EI .'\-I‘ “n, \\
I 135 | 8 |15 42 v 3 = e
1 II'I
" 10 /
i PUSH {1.0)| 48 / n -
10 876 | 13 |(1e| 25 | 85 | 41 / nﬁ LIRS
IE 5108 | 18 |(1.3)| 32 / Y .
. LY
E] 31611 | 27 |(1.3)| 28 | 58 | 37 e |
1 A
20 / /]
| fl A
: u/é Srown fine GRAVEL with coarsesand, | @ &' | |
- ;Z] eS8 [ 108 };cj trace clay, dense, ' g |
=) H H
| ] il [/ |
25 - =7 i !
] il ; |
] e | s e $ a
(0 T
H -::'C{}Q I \1:.
1 1
ZE 2818 | 27 |(08)| 21 E[},E;:' B @3
T 1"_1 5] q-"\,-_ I|
201 AR A4
- 1 I .'I i -"\1\_
Zg 7-15-14 | 29 [(45)| 15 o o ® | 4 i
¥ E%G ;
[ gis
g | Sal! -'
] 3-4-20 24 a1 [
g % E ;! O i
faf 1 5%'\_} N
|~ 4 al -1
B I aoanw PigERS -
§ b 1 W\OOLOMITE, moderately hard. ! T
£ END OF BORING @ 38 ET.
=
= STARTED COMPLETED e
2] DATE HOLE 5-6-03 | 5603 v UNIVERSITY OF MISSOURI-ROLLA
il L ' “L%; DEPARTMENT OF CIVIL ENGINEERING
E| ELEVATION GROUND WATER (FT} - st DECHTECHIICAL ENENNEERING
=ITocATion i ;
8 Route 19 over Marames River Sta 204407, 26' LT Northern Site Bridge No. A-5690
| NAME OF DRILLER DRILLING EQUIPMENT Crawford County, Missouri
Lamberson Falling 1500
E s FEHGENT [ 4
5 :mmtﬁ"f. — g AP PINER JOBMNo.  mipgppss | BORING No.
331_ mur.:-lﬁfﬁ.:"rr-:::}vsmm A : ':i:::;-ll‘.l'rullll\!:_:ut 1 0F 1 SHEETS EUMH‘?
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BORING LOG No:

BUMR-8

LA OF BORING SOUTHERN STEGPJ U MO ROLLA GOT 124708

BLOWS Q_..1 2 3 4 o
DEPTH oM M | g, | W, | LL | Pl |Symboll DESCRIFTION Wil
M Fr| SAMPLER _ W& 20 30 40 50
’ﬂ 13023 | 53 |@2m| 18 ?‘/7/ Brown lean CLAY, gravelly, stiff moist, i &
| v /. » -
H Radekeh brown lean LAY, with graval, o
- X| 133 | & |(2m| 21 | 53 | 31 i, mokst T - ]
- A oA II"\_I
E 511-8 | 19 [{20)] 19 .-
g
3\' 455 | 10 (2o 23 / & me
] 1
- 10 4 \
4.5.7 12 [(20] 25 e me
1 i
- ] é 3-4-5 g |(2m| 25 4 me
4 ...\.l' ."'.
- 15
E 345 | @ |(3m| 33 |75 | 48 ] |-e -
e Dark brown sandy lean CLAY, with L' :
N r1ee |7 s 2 ;j/j;/ cobbles and sand, stilf moist é »
. Erat Pl
20 4- o ATAY
1-118 | 17 |30 22 = /f @ [ ]
i )_\1 (3.0 .:gﬁ,/ k. 't g
i b e 1
o m dy ean GLAY, medium st 2 i
- s rewwn sandy lean , mesdiurm stiff, 5
A 321 | 8 |osf22) 2 ]S s et c* e
25 [
i I PUSH {0.5) .
= v Brown medium SAND and GRAVEL,
H 11-14-8 | 20 16 loose to medum dense, wet ", ‘-!'.il
" 30 17 T
g /
I i
1| 18-85 | 13 17 al
- : bk {.\“__?' q s S
35— va LT IMESTONE moderately hard " =
B END OF BORING @ 37.9 FT.
STARTED COMPLETED S,
DATE HOLE 5.11-03 5-11-03 ‘i, UNIVERSITY OF MISSOURI-ROLLA
ELEAATION TORRERELE ST :{Eﬁ,;: DEPARTMENT OF CIVIL ENGINEERING
; S ot
B EVATION GROUND WATER T P ool GEOTECHMNICAL ENGINEERING
16.
AT Route 19 over Meramec River Sta 203477, 2V RT Northem Site Bridge No. A-5690
NAME OF DRILLER DRILLING EQUIFMENT Crawford County, Missouri
Barnett Versa Drill 4000 TR
S hisreuier R APFROVED JOBMNo.  pypgoas | BORING Mo,
T T B g 1 of 1 sueers| BUMR-8
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50l behaior type and 59T bassd on data from UBC-1083

Hogentogler & Co

Oparaior  shar CPT Date/Time: 03-25-06 0019
Sounding: smri Location; sumr-1
(Cioné Lised: S8 Job Number: spelGbds
Tip Resiatancs Lol Friction Pore Pressums Fricton Ratio Soil Behavior Type®  Semmic Valocity
O [Tonum 2y Fa (Taon*2) P (jpai) Fain (%) Zore: UBC-1083 |MatnrsSaoond)
08 250.0 a0 80 50 20 oo so0.0 0.0 120 00 300.0
.00 T T T T TTTTTTrT TTTo0] TORTRTTIT | TTTT1
| I
|
1_mf,_ - L il L - b " ol s el - : -
2,00 |+ - S B = } i o - 1+ - -
Daph i
(m) i
300 b - . iy - - [ — - ™ . R =4
il H H
| ; |
II ¥
a0 . L L) s s wald I_ ._ M ey
5.00
Mnximum Depth = 4.50 melers Dapih Incremam = 005 matars
1 sensdive fine grained W4 ity clay 1o clay BT ity sand io sardy silt 10 gravelly sand ks sand
Bz amganic maberal W5 cayey sili io slity clay B8 sand io ity sand 11 vary S fine grained {7}
m: clay W& sandy sin o clayey sl L] sand W12 sand to clayey sand {7)
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50l behavior Type and SPT based on data from UBC-1888

Hogentogler & Co

Opamtor:  sharl CPT Daie/Tima: 03-26-03 01 :07
Sounding: sumri1 Location: sumr-1
Cone Used: 880w Joit Mumber apri3tds
Tip Resisiancs Loeal Friction Pors Prassure Friction Ratio Soll Behavior Type® Seismic Velocity
Ot (TonMgy Fe (TonMeg) Pw (psi) Fait (%) Zone: IBC-1083 (Mewen/Sacond)
0.0 00 oo 20 1.0 &4n 00 140 0.0 120 0O 400.0
O T T T T T = BEREE IEBREE TITTTTTTY TTTTTTT
| \
200 - ul s - = L - e - bt = i _-1:..'1._
¥ 1 1
| i fi
SRR S
acol- 4 bt BRAGE  Ririiedl v Hesibend BB
i
6.00 = . e - B Fr— S
= - - K |
e i
800 i £ R et s 4 L - ~
o | i
¢ % :
om0 s - [ - | e - L - EHRTTE i
. L |
] i i
b = kg |
iy {
] i
) by
b
;T ¥ :f !
12,00 — e - o ST T - I i RS e
14,00 = | = :.-. — i - - - - L] i |_: -
i TCETR 3 ) I
+H|m I Il :
Maximum Depth = 15,00 meters Depth Incramant = 0.06 malars
1 sensitive fine grained B sty clay io clay B 7 silty sand to sandy sif 10 gravelly gand i sand

W2 omank matekal

clay

W5 clayey silt o siity clay
W& sandy s i clayey sill

74

B8 sand io sty sand B 11 vary siiff fine grained (7
] aand W12 sand io clyey sand )



“5oil behavior type and SPT based on data from LIBC-1983

Hogentogler & Co

Opacator:  sheri CPT DateTime: 03-20-03 20:12
Sgunding: as03i2 Location. pumr-2
Cone Used: 68801c Job Numbar: spelEbas
Tip Resistance Local Frictaon Pone Pressure Friction Fatio Soil Bahavior Typa™ SPT N
O (MMimS2) Fs [ki/m*2) Pw (kPa) F&/OR (To) Zone; UBC-1883 60% Hammear
0.0 250 04 00,0 -50.0 480.0 0.0 140 00 120 00 45.0
] e [TTT] RALIZAR) T FIITTTTT
" - i T
. £,
5.00 ! — - = - vebe i - - s -
|
10.00 | B e 4 - L s . . o R
Diapih
[m}

15.00 = g = ' O | < - Ll | i
— S _ — ] = |.1
— p v =5

B000 - e o B T SRSEERERE e ] s (o

25,00

Maximum Depth = 20,40 meters Depth Increment = 0.05 meters.
1 sensithe line grained W silty clay to clay B 7 silty sand to sandy sill 10 gravelly sand to sand
Bz ooganic material W5 clayey silt 10 siity clay 8 sand to silty sand W 11 very stiff fine grairsed ()
H: clay M & zandy silt to clayey it ] sand W12 sand to clayey sand ()

75



N0

[Maters!SBecond]

120 040

Soll Beraviar Type™ Seismic Veloaily

Zora AC-1982

2500 0.0

CPT DateTime: 932003 11:34:38 Abd

Location: PLUBARSE ML side merames

Job Number: RZal

Frction Ratio
Fafd (%}

30 00

MoDOT/UMR

Para Prassure

Pw PSI

B0

.o

L A

Leecal Frctian
Fs TSF

A A L e L S

||||| rV.ﬂ. e e

Crperatlorn  Kavin Molain

Ethunding' pumribb
Cone Used: DEADRGL

2500 G0

Tip Ressiance
01 TSR

i

*Sod bahardor Bype arwd SPT based on dala fam USEC- 1963

LK

Dapih

gravelly sand 1o sangd
Wi wary gLiff fine gramed {*)
W12 sand to clayvey sand (*]

W1

sand

Dagth Increment = 0,16 kel
W7 ity sand to sandy ailt
sard to silly sand

1]

Ho

X363 fest
76

sy clay o clay
Wi sandy sl o clayey st

W5 clayey oilt to ailly clay

N:

Maxirmum Deplh

clay

orga i raterial

sensitive fine grained

2

824
H:



3500

[Meters/Sacond |

120 0.0

Soil Bahavior Type® Baismic Valocity
Zone: LBC283
0.0

104

CPT DaleTime: H202003 42555 PM

Locadion: sumrd

Job Mumber: RZal

Friction Ratio
FaiCit (%)

8.0 oo

P PEI

-12.0

MoDOT/UMR

5.0

Lacal Friction

Fs TEF

ADDC LD

Operator.  Kewin hclan
Bounding:  sumrd

Cane Used: DEACRS4

Tip Rasistanse
o4 TEF
i
Q.00

*Sod bharor typm and SPT besed o defla frorn LRS- 1083

I.|L..|I.1. ) T P

e e -.M__n.: uf.rmmul.\_.

||||||||| e ||._?|.N.Hn n.”i.-.ﬁ

i

T T T o T T
H“---.H”..HH”HHHH..--H””H_A“..HHMHMHHHH.&.#.,“....H“HH--... .............. R ErEas
b - s s mm - ————— i S ST SR e g _I.Lyl.r./.....n..-:l: ..Pﬁ_un.n,..u....,.nfnnls:::: o = = = = = ___,L....” ||||||| ...fﬂ:...:d.__.". |||||||||||||
L, -.....rhwr-uu..u.u._uuf..../..hf.r]rn\..,.. ......................... .Jr W, ¥ SR SR SO R ¥ el SR P R

) 1Y k' | 1 1 | I 1

L] I ] | 1 T
e e e e e e S e L L e e e e T 2 g e ————
e o e e o e o o e o -- ||._|I||I|I|||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| -_I|II||| -
I R R T T [ -7 1
ST SCPS SPOR S S PI NPS SRS S SPR SNFPSULL|| | L1 - TR S, ] _q
il AN M T TRk o R SRR
L4 Y IS SR | L e RN | R L TSR I ., RS J s e CERE
ol i el Tt -lrr/..]rl. _.ﬁl\ _:.\1._ -._..r...ll 8 i
3 g 2 & =
¢ & & & g

M 1 1 very stiff fine grained (7]
M2 sandioclayey sand [*)

W10 grave®y s=nd 1o sand

Deplh Incrarmant = 0,16 feel

sand

‘8 sand o silty sand

W7 sty sand 1o sandy =it
o

3002 fee

ity chay to clay
B 5 clayey silt to silly clay
WG sandy el o clayey sill

B:

Maximmum Degth

chary

sansilive fine graired
B2 omganic malerdal

N

a1




Sheet 1 of 2
: " Maximumn Water Ciry Satur-
Borshoe | Destr | VR | T | Cime | S | e | icaton | Comet | Demly | ahon | o
BUMR-1 50 | 69 27 41
BUMR-1| 70 | 76 | 35 | 41 | . 350
BUMR-1 | 85 80 27 53
BUMR-1 | 100 | 374
BUMR-1 | 140 | 19 NP | NP | ' 1798 |
BUMR-1 | 175 | 214
BUMR-1 | 210 207
BUMR1 | 225 | a7 22 15
BUMR-1 | 245 257
BUMR-1 26.0 31 20 11
BUMR-1 | 28.0 13.1
BUMR-2 40 =8 26 32 334
BUMR-2 | 60 | 325
BUMR-2 75 | 68 32 36
BUMR-2 | 95 329
BUMR-2 130 | 68 28 40 300
BUMR-2 | 145 62 29 33
BUMR-2 16.5 305
BUMR-2 | 20.0 176
BUMR-2 | 215 | 196
BUMR2 | 230 | 37 | 22 15 | . :
BUMR-2 | 250 ' ] 2186
BUMR-2 | 265 a2 21 11 26.5
BUMR-3 5.0 54 24 30 240
BUMR3 | 70 29.1
BUMR-3 105 69 29.8
BUMR-3 | 120 63 32 3 26.8
BUMR-3 | 125 | 78 a2 46
BUMR-3 | 140 | 28.9
BUMR-3 | 155 | 56 28 28 326
BUMR-3 | 165 | 64 | 32 32 . 33
BUMR-3 | 19.0 | 60 29.0
BUMR-3 | 210 | 26.1
sl BUMR3 | 225 | 55 25 30 308
2l BUMR-3 | 245 | 67 22 45 26.4
o BUMR-3 | 260 | 4 21 20 23.1
<l BUMR-3 | 280 | 48 19 27 270
dBuMrR3 | 205 | s3 24 28 3.3
E BUMR-4 oo | s0 27 23 323
ol BUMR4 | 20 28.1
ﬁ BUMR-4 3.5 &7 20 37 26.1
Egl BUMR4 | 55 | 28.9
g Summary of Laboratory Results
g UNIVERSITY OF MISSOURI-ROLLA  Project: Northern Site Bridge No. A-6031
= B DEPARTMENT OF CIVIL ENGINEERING
af GEOTECHNICAL ENGINEERING | Location:  Livingston County, Missouri
= | Job No.: RI02-033
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Sheet 2 of 2
f " Maximum Water Dry Satur-
Boche | Deatt | | TR | PRae | 828 | "Gee” | dcaton | Coment | Densty | min | o
BUMR-4 7.0 Ta 38 H 326
BUMR4 | 90 273
BUMR4 | 125 | ~ 308
BUMR4 | 14.0 57 29 28 1.3
| BUMR-4 | 160 | | 265
BUMR4 | 175 | 62 | 30 | 32 336
BUMR-4 | 180 78 34 44
BUMR-4 | 195 28.8
BUMR-4 | 210 52 29 23 220
BUMR-4 | 215 48 28 21
BUMR-4 | 23.0 ' ' 254
BUMR-4 | 245 45 24 20
BUMR-4 | 285 23.8
BUMR-4 | 285 47 22 25 26 4
|
|
g
g
@\
: AFT Summary of Laboratory Results
E _‘_,‘> i ’?é UNIVERSITY OF MISSOURI-ROLLA  Project: Northern Site Bridge No. A-6031
1=K 2: DEPARTMENT OF CIVIL ENGINEERING |
@ e d& GEOTECHNICAL ENGINEERING Location:  Livingston County, Missouri
g R | Job No.: RI02-033
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Sheet 1 of 1
o . - Macirmum Waker Dry Batur- §
gorencie | Deptn | VR | T | Cder | S22 | “Sew | osion | Cortent | Denely | son | D
BUMR-5 | 0.0 15.0
BUMR-S | 20 13.0
BUMR-2 4.3 16.2
BUMR-5 | 7.0 156
| BUMR-5 | 9.0 15 NP NP 173
BUMR-5 | 120 16.9
BUMR-5 15.0 15 MP MP 14.0
BUMR-5 | 18.0 17.9
BUMR-5 | 200 | 17 NP NP 17
BUMR-5 | 230 132
BUMR-5 28.0 29 19 10 283
BUMRS | 30.0 | 274
| BUMR-5 | 320 | 181
BUMR-5 | 35.0 30.0
BUMR-T 0.0 19.8
BLMR-7 | 29 i . 158
2 | i ! Il . 22
BUMR-7 | 7.0 419
BUMR-T 10.0 493
BLMRET] T | & | W | # T
SR T+ 3
BUMR7 | 180 | 58 21 37 278
BT | 280 213
BUMR-7 | 31.0 15.1
BUMR-8 0.0 182
BUMR-8 | 25 53 22 31 212
BUMR-8 | 5.0 186
BUMR-8 | 7.5 227
BUMR-8 10.0 253
BUMR-8 | 125 248
BUMR-8 | 150 | 75 27 48 334
BUMR-8 | 175 25.1
BUMR-8 20.0 215
o BUMR-8 | 225 | 21 16 5 216
5| BUMR-8 | 275 15.8
5| BUMR-8 | 300 16.8
4 BUMR-8 | 325 16.8
;] BUMR-8 | 35.0 210
] g, Summary of Laboratory Results
Sy rye s, UNIVERSITY OF MISSOURI-ROLLA Project.  Southern Site Bridge No. A-5690
B b{-&% DEPARTMENT OF CIVIL ENGINEERING i o
o "ss¥ GEOTECHNICAL ENGINEERING Location:  Crawford County, Missouri
. Job No.: RIDZ-0033




Grain Size Analysis for Northern Site Foundation Soils

3" 3/4" No.4 No.10 No.40 No.200
100 s
o \
QO \
76 \
Eh
o} o
c X; X —e—1054b
LL
2 56 —&— 1056a
[}
o o \ x 3022a
[0 \¥J
o
L \
ﬂ
N —=
10
100 10 1 0.1 0.01 0.001
Grain Size, D (mm)
GRAV SAN
COBBE SIL CLAY
Coar Fi Coars Mediu Fin
Grain Size Analysis for Northern Site Fill Material
3" 3/4" No.4 No.10 No.40 No0.200
100
bo
N
7o AN
- . \K —&— 1044a
% v \\ AT —@— 2058b
= 5o : Y 2064b
Q
o \ 3001a
o} O S
o —%—3016b
elal \x
{2e)
II:II\III 1 1 :IIIIII 1 :IIIIII 1 1 :IIIIII 1 1 :IIIIIII
100 10 1 0.1 0.01 0.001
Grain Size, D (mm)
GRAV SAN \
COBBE SILT CLAY
Coar Fin Coarg Mediu Fin \
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Grain Size Analysis for Northern Site Fill Material

3" 3/4" No.4 No.10 No.40 No0.200
OO K
PO \
wZa) \K\
LAY
r
- o \\‘ —e—4027a
Q o g
= AN \ —e—4030b
L n r \
€ b ~ g —#— 4039a
5 N
o \. 4039c
A 2
& ' 4041c
nM J
po
2]
B f o i ot
100 10 1 0.1 0.01 0.001
Grain Size, D (mm)
GRAV SAN
COBBE SILT CLAY
Coar Fin Coars Mediu Fin
Grain Size Analysis Analysis for Southern Site Fill Material
3" 3/4" No.4  No.10 No.40 No.200
00— —
e}
5 |66 \\ —e—5170a
& I \ —=—5171
g 7P \ 8204
o
o} o
o
BO
b
100 10 1 0.1 0.01 0.001
Grain Size, D (mm)
GRAVEL SAND
COBBE SILT CLAY
Coars Fin cOarsLe Mediu Fin
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Grain Size Analysis for Southern Site Foundation Soils

3" 3/4" No.4 No0.10 No.40 No.200
166 <-»:~L
\
¢!

B RN
o \ “ —e—5181a
) 6
= \ —&— 5183
< 56 —%— 7194
Q
S ko \ 8211
o \* \ 8213

QO \LP

20 AN

- I S

100 10 1 0.1 0.01 0.001
Grain Size, D (mm)
GRAV SAN
COBBE SIL CLAY
Coar Fi Coars} Mediu Fin




Sample Information

14 -
Borehalg 1D: BUMR-2
Sample #: 58 12 |
Depth: 45 /
Wyater Content. 33 .40% 10 /
T B
Description: B
< B
Brownish gray, moist medium
stiff silty CLAY. 4
2
D T T T I
o 0.01 0.02 0.03 0.04
£
SU = 12.71 psi
E= 1325 psi
Sample Information
16 -
Borehole 1D: BUMR-2
Sample #: 52 14
Depth: 12 s ’_,f-ﬁ-"’— 7
VWater Content: 34 .00% /
10
Description: B /
q /
Darlk Gray, moist, medium g !
stiff silty CLAY with trace of /
organics. 4 /
2
0 T r T r T r i
0 0.01 0.0z 003 0.04 005 0.06 0.o7
£
SuU = 13.51 psi
E= 592 4 psi




Sample Information

Eorehole 1D: BUMRE-3
Sample #; 4
Depth: 8.5
Water Content: 26.00%

Description:

Dark grey CLAY with light
gray mottled lean clay, moist
medium stiff to stiff.

25

20

z Ao ;

0 : : : : : :
0 0.01 0.0z 0.03 0.04 0.05 0.08 0.07
E
s 23685 psi
Bz 1084 .8 psi
Sample Information
18
Borehole 1D BUMR-4
Sample #: 23 16 o
Depth: 10.5 14 e
Vater Contert:  32.00% o -
Description: el /
a.l [/
Dark brownish gray lean /
mottled CLAY, moist medium B /
stiff to stiff. 4
Ny
o4 , ; . ; . .
0 poos 001 0O1s 002 0025 003 0035
E
Su= 15.38 psi
Ee= 180982 psi




Sample Information

9 -
EBorehole 1D BUMR-5 ;
Sample # 181 -
Depth 31! 7 o~
Water Content: 23.50% : _,r"'f
— 5
Description:
P 5 A
Light grey with brown mottles 3 /"'r
Silty sandy CLAY.
v sandy , /r
1 .
L ' ' ' ' :
4 0.02 0.04 0.06 0.08 0J1
E
SU = g.06 psi
E= 121.79 psi
Sample Information
16
Eorehole |D: BUMR-1
Sample # 54 14 ot Sy
Depth: 235 - e N\
Vyater Content:  22.70% / \
10
Description: B / \
- / \
Light brownish gray, moist, B
medium stiff to stiff silty / \
CLAY 4 / \
2 1)
0 . . . . . |
0 0.0 0.02 0.03 0.04 0.05 0.06
£
Sl = 14 .55 psi
E= 511.51 psi




Sample Information

16
Borehole 1D BUMR-3
Sample #: 22 14
Water Content:  31.80% / \
10
Description: =1 /
=1
Light grayish brown, soft, 5
moist silty CLAY . . l
2 'I
D 1 T T T T T 1
0 0.0z 0.04 0.06 0.03 0.1 012
E
=U = 14 psi
s 1294 2 psi
Sample Information
20 +
Borehaole 1D: BUMR-4
Sarmple #: 27 18 o .
Depth: 5 16 / ——
Water Content: 27 90% 14
12 I
Description: B
< 10
Dark brownish gray silty 8
CLAY, moist medium stiff to B
stiff, 4
2
0 " " . : . : !
0 0.02 0.04 0.06 0.08 01 0.12 014
E
SU = 17.55 psi
E= 35106 psi
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Sample Information

30
EBorehole 1D: BUMMR-4
Sample #; 41 5 N
Depth: 28
YWiater Content: 23 10% %
Description: =) / \
< 15
Dark brownish gray, med stiff T
to stiff moist silty CLAY wy
brown maottling. .
D T T T T 1
0 0.02 0.04 0.06 0.05 0.1
E
SU = 26 39 psi
Bl 1147 .2 psi
Sample Information
18 - — -

Borehole 1D BUMR-3
Sample #; 16
Depth: 24!
WWater Content: 32.10%

Description:

Dark greyish brown with light
brown streaks, medium stiff
to stiff, moist silty CLAY.

12
bm l
| / \
5 N
) N\
/
2
0 0.02 0.04 0.06 0.08 01 012 0.14
E
Su = 16.3 psi
Fi= 600 psi




Appendix C

NUMERICAL MODELING (PLAXIS) RESULTS
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PLAXIS® DETAIL REPORT

Upper Bound Case — A-6031

Table of Contents
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1. General Information

Table[1] Units

Type Unit
Length m

Force kN

Time day

Table[2] Model dimensions

min. max.
X 0.000 43.000
Y 0.000 28.000
Table[3] Model
M odel Plane strain
Element 15-Noded




2. Geometry

Fig. 1 Plot of geometry model with significant nodes

3. Loads & boundary conditions

Fig. 2 Plot of geometry with loads & boundary coriditions
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4. Material data

Table[5] Soil data sets parameters

Fig. 3 Plot of geometry with material data sets

Mohr-Coulomb 1 2 3
new embankment bc scsl
Type Drained Undrained Drained
Ounsat [KN/m3] 19.00 16.00 16.00
Osat [KN/m3] 20.00 18.00 18.00
K [m/day] 0.000 0.000 0.900
Ky [m/day] 0.000 0.000 0.900
Einit [-] 0.500 0.700 1.000
Cx [-] 1E15 1E15 1E15
E e [KN/m?] 10300.000 10700.000 5700.000
n [] 0.350 0.350 0.200
Gref [KN/n#] 3814.815 3962.963 2375.000
Eoed [KN/m?] 16530.864 17172.840 6333.333
Cref [KN/m?] 86.00 210.00 0.20
j [°] 28.00 0.00 34.00
y [°] 0.00 0.00 0.00
Enc [KN/m2/m] 0.00 0.00 220.00
Vref [m] 0.000 0.000 4,000
Cincrement [KN/m2/m] 0.00 0.00 0.00
Ter. [KN/m?] 0.00 0.00 0.00
Rinter. [-] 0.65 1.00 1.00
Interface Neutral Neutral Neutral
Per meability
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Mohr-Coulomb 4 5
gc scsd
Type Undrained Drained
Ounsat [KN/m3] 16.00 17.00
Osat [KN/m3] 18.00 21.00
Ky [m/day] 0.000 0.900
Ky [m/day] 0.000 0.900
Einit [-] 0.700 1.000
Cx [-] 1E15 1E15
E,ef [KN/m?] 24100.000 15400.000
n [] 0.350 0.200
Gref [KN/m?] 8925.926 6416.667
Eoed [KN/m?] 38679.012 17111.111
Cref [KN/m?] 520.00 0.20
j [°] 0.00 40.00
y [°] 0.00 3.00
Enc [KN/m?/m] 0.00 0.00
Vref [m] 0.000 0.000
Cincrement [KN/m?/m] 0.00 0.00
Tyr. [KN/m?] 0.00 0.00
Rinter. [] 1.00 0.70
Interface Neutral Neutral
per meability
Table[6] Beam data sets parameters
No. Identification EA El \W n Mp Np
[KN/m] [KNmZm] [ [KN/m/m] [-] [KNm/m] [KN/m]
1 sh 1.2E7 2.6E5 0.00 0.00 1E15 0.00

5. Results for phase 4

Fig. 4 Plot of deformed mesh - step no: 24 - ( phase: 4)
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Fig. 5 Plot of total displacements (shadings) - step no: 24 - ( phase: 4)
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PLAXIS® DETAIL REPORT
Lower Bound Case — A-6031

Table of Contents

1. General INfOrMELTION........cccuieieeeeie et e e e sae e esreeneeeneenns C-7
A €T o] 1T /ST C-7
3. Loads & boundary CONAITIONS .........cooiiiiiieniinie e C-8
VARV = (= = e = = PSSR C-9
5. RESUILSTOr PNESE 4 ...ttt C-10

1. General Information

Table[1] Units

Type Unit
Length m
Force kN
Time day
Table[2] Model dimensions
min. max.
X 0.000 43.000
Y 0.000 28.000
Table[3] Model
M odel Plane strain
Element 15-Noded
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2. Geometry

Fig. 1 Plot of geometry model with significant nodes

3. Loads & boundary conditions

Fig. 2 Plot of geometry with loads & boundary conditions



4. Material data

Fig. 3 Plot of geometry with material data sets

Table[6] Soil data sets parameters

Mohr-Coulomb 1 2 3
new embankment bc scsl
Type Drained Undrained Drained
Ounsat [KN/m3] 19.00 16.00 16.00
Osat [KN/m3] 20.00 18.00 18.00
K [m/day] 0.000 0.000 0.900
Ky [m/day] 0.000 0.000 0.900
Einit [-] 0.500 0.700 1.000
Cx [-] 1E15 1E15 1E15
E e [KN/m?] 10300.000 5400.000 2100.000
n [] 0.350 0.350 0.200
Gref [KN/m?] 3814.815 2000.000 875.000
Eoed [KN/m?] 16530.864 8666.667 2333.333
Cref [KN/m?] 86.00 25.00 0.20
j [°] 28.00 0.00 30.00
y [°] 0.00 0.00 0.00
Enc [KN/m2/m] 0.00 0.00 320.00
Vref [m] 0.000 0.000 4,000
Cincrement [KN/m2/m] 0.00 0.00 0.00
Ter. [KN/ m?] 0.00 0.00 0.00
Rinter. [-] 0.65 1.00 1.00
Interface Neutral Neutral Neutral
per meability
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Mohr-Coulomb 4 5
gc scsd
Type Undrained Drained
Ounsat [KN/m3] 16.00 17.00
Osat [KN/m3] 18.00 21.00
Ky [m/day] 0.000 0.900
Ky [m/day] 0.000 0.900
€init [] 0.700 1.000
Cx [] 1E15 1E15
E e [KN/m?] 16600.000 8700.000
n [] 0.350 0.200
Gref [KN/m?] 6148.148 3625.000
Eoed [KN/m?] 26641.975 9666.667
Cref [KN/m?] 110.00 0.20
j [°] 0.00 37.00
y [°] 0.00 3.00
Einc [KN/m2/m] 0.00 0.00
Vref [m] 0.000 0.000
Cincrement [KN/m2/m] 0.00 0.00
Ter. [KN/m?] 0.00 0.00
Rinter. [-] 1.00 0.70
Interface Neutral Neutral
permeability
Table[7] Beam data sets parameters
No. I dentification EA El w n Mp Np
[KN/m] [KNmM&/m] [KN/m/m] [-] [KNm/m] [KN/m]
1 Sb 1.2E7 2.6E5 0.00 0.00 1E15 0.00

5. Results for phase 4

Fig. 4 Plot of defor med mesh - step no: 20- ( phase: 4)
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PLAXIS® DETAIL REPORT

Case — A-5690

Table of Contents

L. GENEIAl INFOIMBLION....ceee et e et e e e e e e e e e e e eeeeeeeee e e nneeeeeeeeesaaannnnneeeeeeeeaaann 101
A 1< o0 1 [T PR TSRO 101
S 1 (1[0 10| (=Y TRRTRTR 102
4. Loads & boundary CONAILIONS...........cciveieiieiieieceese e s e ee sttt te e sneenneenneeneensens 102
D IV EIN BEAL. e e e et e e et e e e et e e e e et e e e e enee e e e e e e e e e e eneaeeeaeneeeeeeanneeeeaaneen 104
B. MAETal AaLa ..o 104
A Lo U 1T T o] S 105

100



1. General Information

Table[1] Units

Type Unit
Length m
Force kN
Time day

Table[2] Model dimensions

min. max.
X 0.000 105.000
Y 0.000 12.000
Table[3] Model
M odel Plane strain
Element 15-Noded
2. Geomet ry
__'_'__.-‘.-""—.‘-T"'.—_-—\_.__.
o -hh‘-\-&\-
ot T,
l*l'r' "fl':f :

Table[4] Table of significant nodes

Fig. 1 Plot of geometry model with significant nodes

Node no. x-coord. y-coord. Node no. x-coord. y-coord.
1466 0.000 0.000 1039 41.199 11.939
20 105.000 0.000 729 49.399 11.939
1 105.000 3.400 1339 23.214 4.869
1478 0.000 3.400 239 71.173 4.932
1359 20.000 3.400 1293 26.511 6.376
1088 38.600 11.900 271 68.182 6.352
897 45.300 12.000 1238 30.418 8.161
687 52.000 11.900 371 64.341 8.175
503 58.600 10.900 415 60.095 10.190
187 74.400 3.400 1160 34.941 10.228
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Fig. 2 Plot of geometry model with cluster numbers

Table[5] Tableof clusters

Cluster no. Nodes

1466, 20, 1, 1478, 1359, 187.

1359, 187, 1339, 239.

1339, 239, 1293, 271.

1293, 271, 1238, 371.

1238, 371, 415, 1160.

1088, 897, 687, 503, 1039, 729, 415, 1160.

OO~ WNBE

3. Structures

Fig. 3 Plot of geometry model with structures

Table[6] Beams

Plate no. Data set Length Nodes
[m]
1 Plate 8.201 1039, 897, 729.

4. Loads & boundary conditions

Fig. 4 Plot of geometry with loads & boundary conditions
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Table[7] Nodefixities

Node Sign Horizontal Vertical Node Sign Horizontal Vertical
no. no.
1466 # Fixed Fixed 519 # Fixed Fixed
20 # Fixed Fixed 425 # Fixed Fixed
1456 # Fixed Fixed 313 # Fixed Fixed
1439 # Fixed Fixed 281 # Fixed Fixed
1429 # Fixed Fixed 213 # Fixed Fixed
1402 # Fixed Fixed 197 # Fixed Fixed
1379 # Fixed Fixed 161 # Fixed Fixed
1369 # Fixed Fixed 151 # Fixed Fixed
1329 # Fixed Fixed 131 # Fixed Fixed
1283 # Fixed Fixed 111 # Fixed Fixed
1221 # Fixed Fixed 91 # Fixed Fixed
1143 # Fixed Fixed 71 # Fixed Fixed
1055 # Fixed Fixed 1 # Fixed Fixed
949 # Fixed Fixed A # Fixed Fixed
855 # Fixed Fixed 1 I Fixed Free
739 # Fixed Fixed 1478 I Fixed Free
645 # Fixed Fixed
Table[8] Distributed loads A
Loads First node gx ay Last node gx ay
no. [KN/m/m] [KN/m/m] [KN/m/m] [KN/m/m]
1 897 729
2 1039 897
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5. Mesh data

Fig. 5 Plot of the mesh with significant nodes

Table[9] Numbers, type of elements, integrations

Type Type of element Type of integration Total
no.

Soil 15-noded 12-point Gauss 169

Plate 5-node line 4-point Gauss 4

6. Material data

Fig. 6 Plot of geometry with material datasets

Table[10] Soil data sets parameters

Mohr-Coulomb 1 2
Silty Sand Silty Clay
Type Drained Undrained
Ounsat [KN/m3] 17.00 17.50
Osat [KN/m3] 18.00 23.20
Ky [m/day] 0.000 0.000
Ky [m/day] 0.000 0.000
Einit [-] 1.000 1.000
Cx [-] 1E15 1E15
Er e [KN/m?] 17000.000 8000.000
n [] 0.300 0.350
Gref [KN/m?] 6538.462 2962.963
Eoed [KN/m2] 22884.615 12839.506
Cref [KN/m2] 50.27 64.64
j [°] 34.00 32.00
y [°] 0.00 0.00
Enc [KN/m2/m] 0.00 0.00
Vref [m] 0.000 0.000
Cincrement [KN/m2/m] 0.00 0.00
Tar. [KN/m?] 0.00 0.00
Rinter. [] 0.66 1.00
Interface Neutral Neutral
permeability
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Table[11] Beam data sets parameters

No. Identification EA El w n Mp Np
[KN/m] [KNm2/m] [KN/m/m] [-] [KNm/m] [KN/m]
1 Plate 1.2E7 2.6E5 0.00 0.00 1E15 0.00
7. Calculation phases
Table[12] List of phases
Phase Ph-No. Start Calculation type L oad input First Last
phase step step
Initial phase 0 0 - 0 0
<Phase 1> 1 0 Consolidation Ultimatetime 1 2
<Phase 2> 2 1 Consolidation Ultimatetime 3 4
<Phase 3> 3 2 Consolidation Ultimatetime 5 6
<Phase 4> 4 3 Consolidation Ultimatetime 7 8
<Phase 5> 5 4 Consolidation Ultimate time 9 10
<Phase 8> 8 5 Consolidation Ultimate time 11 12
<Phase 7> 7 8 Consolidation Minimum pore pressure 13 18

Table[13] Staged constr uction info

Ph-No. | Activeclusters Inactiveclusters | Active beams Active Activeanchors
geotextiles
0 1 2,3,4,5,6.
Table[14] Control parametersi1
Ph-No. Additional steps Reset displacements Ignore undrained Deleteintermediate
tozero behaviour seps
1 250 No No No
2 250 No No No
3 250 No No No
4 250 No No No
5 250 No No No
8 250 No No No
7 250 No No No
Table[15] Control parameters 2
Ph-No. Iterative Tolerated Over M ax. Desired Desired  Arc-Length
procedure error relaxation iteratio min. max. control
ns
1 Standard 0.010 1.200 50 6 15 Yes
2 Standard 0.010 1.200 50 6 15 Yes
3 Standard 0.010 1.200 50 6 15 Yes
4 Standard 0.010 1.200 50 6 15 Yes
5 Standard 0.010 1.200 50 6 15 Yes
8 Standard 0.010 1.200 50 6 15 Yes
7 Standard 0.010 1.200 50 6 15 Yes
Table[16] Incremental multipliers (input values)
Ph-No. Displ. Contr.A  Contr.B Load A LoadB Weight Accel Time s-f
0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 10.0000 0.0000
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000  10.0000  0.0000
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Ph-No. Displ. Contr.A  Contr.B Load A LoadB Weight Accel Time s-f
3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 10.0000 0.0000
4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 10.0000 0.0000
5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 10.0000 0.0000
8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 10.0000 0.0000
7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 2530808. 0.0000
8200
Table[17] Total multipliers- input values
Ph-No. Displ. Contr.A Contr.B Load A LoadB Weight Accel Time s-f
0 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 0.0000 0.0000 1.0000
1 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 0.0000  10.0000  1.0000
2 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 0.0000  20.0000  1.0000
3 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 0.0000  30.0000  1.0000
4 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 0.0000  40.0000  1.0000
5 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 0.0000 50.0000  1.0000
8 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 0.0000 60.0000  1.0000
7 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 0.0000 1153087  1.0000
7.3000
Table[18] Total multipliers- reached values
Ph-No. Displ.  Contr.A Contr.B  Load A LoadB Weight Accel Time s-f
0 1.0000 0.0000 0.0000 1.0000  1.0000 1.0000 0.0000 0.0000 1.0000
1 1.0000 0.0000 0.0000 1.0000  1.0000 1.0000 0.0000 10.0000  1.0000
2 1.0000 0.0000 0.0000 1.0000  1.0000 1.0000 0.0000 20.0000  1.0000
3 1.0000 0.0000 0.0000 1.0000  1.0000 1.0000 0.0000  30.0000  1.0000
4 1.0000 0.0000 0.0000 1.0000  1.0000 1.0000 0.0000  40.0000  1.0000
5 1.0000 0.0000 0.0000 1.0000  1.0000 1.0000 0.0000  50.0000  1.0000
8 1.0000 0.0000 0.0000 1.0000  1.0000 1.0000 0.0000 60.0000  1.0000
7 1.0000 0.0000 0.0000 1.0000  1.0000 1.0000 0.0000 1153087  1.0000
7.3000
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