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SUMMARY

Settlement of roadway pavement surfaces near highway bridge abutments often
leads 10 abrupt grade differences at the abutments. These grade differences subject vehicles
to a "bump,” which leads to driver discomfort and potentially unsafe driving conditions,
causes vehicle wear, damages sensitive cargo, subjects the bridge structure to repeated
impact loads, and requires costly and repeated maintenance work that usually impedes the
flow of traffic. To eliminate the bump at the end of the bridge, WSDOT and other agencies
often install an approach slab with one end supported on the bridge and the other on the soil
at some distance from the end of the bridge. Approach slabs are often, but not always,
effective in improving vehicle ride at bridge approaches subject to settlement.

However, approach slabs are expensive, and in some cases they have been
eliminated to reduce design and construction costs, particularly when bridge approach
settlement has not been expected to occur. In most of these cases, performance has been as
good as would have been expected with approach slabs, confirming the design decision to
eliminate the slabs. In some cases, though, approach settlement has unexpectedly
occurred, creating bumps that have required periodic maintenance.

The objectives of the research described in this report were to evaluate the
effectiveness of bridge approach slabs, to identify site conditions for which approach slabs
should and should not be used, and to develop an improved design process for the use of
approach slabs.

A review of previous research on bridge approach settlement showed that the
problem has been recognized and investigated to some extent by a large number of highway
departments across the United States. Previous researchers have been unable to identify a
predominant cause or mode of bridge approach distress, indicating that bridge approach

settlement is largely a site-specific problem. Although the research does provide guidance



on soil conditions for which approach slabs are generally advisable, it does not define
conditions for which they can be eliminated.

This report reviews previous research on the topic of bridge approach settlement. It
summarizes measures that can be used to reduce the occurrence of undesirable approach
settlement and unsatisfactory vehicle ride characteristics. It also presents and discusses the
results of a survey of WSDOT personnel familiar with various aspects of the bridge
approach settlement problem. Finally, the report presents the results of a field investigation
of nine bridges for which unexpected approach settlement has resulted in the need for
regular maintenance,

This research showed that there are certain soil conditions for which the use of
approach slabs is advisable, but also conditions under which they may be eliminated.
Elimination of approach slabs will require modification of a common abutment detail found
in the majority of the WSDOT bridges in which unexpected approach problems have been
observed. Recommendations for a modified abutment detail are presented. Use of the
modified abutment detail should allow the satisfactory performance of bridge approaches
constructed without approach slabs under many of the abutment soil conditions WSDOT
bridge designers encounter. The elimination of these approach slabs may result in

substantial cost savings in the design and construction of these bridges.



INTRODUCTION AND RESEARCH APPROACH

Bridge approach settlement often leads to abrupt differences in grade at the
abutments of bridges. The resulting bump at the end of the bridge leads to uncomfortable
and potentially unsafe driving conditions, increased vehicle wear, damage of sensitive
transported goods such as fruits and vegetables, repeated impact loads on the bridge
structure itself, and costly and repeated maintenance work that impedes traffic flow.

To eliminate or reduce the bump felt by traffic, approach slabs are often used at the
ends of bridges. Approach slabs are structural slabs supported at one end on the bridge
abutment and at the other end on the soil at some distance from the bridge. Approach slabs
are often very effective in providing a relatively smooth transition in grade between the
bridge and the approach pavement, but they are also quite costly. In some cases, the use of
bridge approach slabs has not improved the performance of the bridge approach;
occasionally it has merely moved the bump from the end of the bridge to the end of the
approach slab. As a result, the use of approach slabs has become a subject of some
controversy within highway departments across the United States. Currently, there is no
uniform, rational procedure for evaluating the potential effectiveness of approach slabs, and
no clear policy for the use or non-use of approach slabs at a given bridge site.

The purposes of the research investigation described in this report were to evaluate
the effectiveness of bridge approach slabs, identify site conditions for which approach
slabs should and should not be used, and develop an improved design process for the use
of approach slabs. The approach taken in this investigation was designed to accomplish
these objectives in the most efficient way possible.

First, previous research on the problem of bridge approach settlement was
comprehensively reviewed to evaluate current knowledge on the subject. The literature

review identified a significant number of investigations into the causes of bridge approach



settlement and reports on the effectiveness of various measures of bridge approach
settlement mitigation. The previous research was studied and summarized.

Previous investigations have produced wide differences in opinions regarding
bridge approach design among highway department personnel across the country.
Discussions with WSDOT personnel indicated significant disagreement within that
organization regarding the causes of bridge approach problems and the proper design
measures necessary to mitigate such problems. To gain a broad perspective on the extent
of bridge approach problems and their causes in Washington, a survey was designed and
distributed to WSDOT design, construction, and maintenance personnel throughout the
state. Survey respondents were asked, among other things, to identify specific examples
of bridges with good performance and with poor performance for more detailed study by
the researchers. |

To identify subsurface conditions for which bridge approach slabs could be
eliminated, a field investigation program was undertaken. On the basis of the results of the
literature review, the bridge approach survey, and discussions with WSDOT personnel, a
number of bridges were identified for possible field investigation. These were bridges for
which approach slabs were not used and for which unexpected approach settlement had
developed. Problems associated with such bridges appear to be at the center of the
controversy regarding the use or non-use of approach slabs; their performance has even led
some to suggest that approach slabs be required on all bridges. The field investigation was
intended to identify the causes of the poor performance of these bridges in the hopes that, if
measures for eliminating the causes could be found, approach slabs could be eliminated for
future bridges in similar conditions.



FINDINGS

The findings of the research investigation are divided into three main categories,
each corresponding to a subtask of the project. In this chapter of the report, the results of
the literature review are described first, followed by the results of the survey distributed to
WSDOT design, construction, and maintenance personnel, and the results of the detailed

field investigation of problems associated with a number of WSDOT bridges identified by

survey respondents.

LITERATURE REVIEW

To evaluate current knowledge of bridge approach problems, a comprehensive
literature review was undertaken. The review, described in the following sections, was
based on both manual and computerized searches of the geotechnical and transportation
literature.

Sout] California (1959) ] tigati

Jones (1959) described an investigation of four highway systems in the Los
Angeles, California, area. The objective of the investigation was to identify possible
relationships between bridge approach settlement and soil conditions. Available information
regarding construction and approach characteristics were correlated to establish conclusions
and recommendations.

The frequency of pavement patching was used as evidence of differential settlement
for the purposes of this investigation. Soil conditions along the Hollywood Freeway were
described as clay-filled depressions, and 50 percent of the bridge approaches were patched
along this section of highway. Predominantly silts and soft clays made up the foundation
soils along the Harbor Freeway, for which patching was observed at approximately
70 percent of the bridge approaches. Another section of highway, the Santa Ana Freeway,
required 20 percent of its approaches to be patched to ensure acceptable driving conditions.

A wide range of granular to cohesive materials was encountered in subsurface



investigations of the foundation soils along the portion of the Santa Ana Freeway studied in
the investigation. The final section of highway, the San Bernardino Freeway, was situated
in an area underlain by coarse granular material. No approach patching had been needed in
this section.

The key causes of approach settlement identified by Jones were compression of the
approach embankment itself and consolidation of compressible foundation soils underlying
the approach embankment. Additional settlement problems were construction related.
Lack of sufficient compaction and excessively rapid construction were also identified as
possible construction-related causes of approach settlement.

Jones observed that differences in patching frequencies were relatively small
between structures on piles (40 percent) and structures on spread footings (38 percent).
Differential settlements usually did not exceed 6 inches. More approach patching was
observed for closed abutment bridges, primarily because their approach fills were placed
after the construction of the bridges and abutments.

On the basis of the observations of bridge approach performance in California,
several steps to reduce approach settlement were suggested. If economically feasible,
removal and replacement of incompetent soils was one option. Early construction in
conjunction with a preload fill to enable preliminary consolidation to occur was another
option. The use of high quality backfill was recommended. Open end abutment
construction was recognized as a way to improve access for compaction equipment near the
abutment, and also to allow the approach embankment to be constructed before bridge
construction. A 30-foot approach slab was suggested to "bridge" inaccessible materials
adjacent to the abutment. In cases where bituminous paving was used, Jones
recommended that it extend across the bridge deck. Lengthening of the bridge to reduce the
embankment height was suggested. In other cases, the use of simply supported end spans

on abutments without piles was suggested when approach settlement was determined to

have stopped.



Ontario (1968) I tigati

In a study conducted in Canada (Stermac et al, 1968), seven bridge sites were
investigated to understand the conditions that had caused movement of bridge abutments
founded on end-bearing piles. Three of these structures had required significant
rehabilitation as a result of lateral and vertical movement of the embankment/foundation
system.

A review of the exploration, construction, and field monitoring records at each
bridge site was conducted. The records included subsurface cross-sections, shear strength
of subsurface clay, pile data, embankment height, and observed settlements at each site
(both 900 and 1,900 days after construction). Settlement was measured with settlement
plates placed under the embankment before construction. Field surveys of bridge
conditions were also performed.

The designers originally realized that settiement of the approach embankment would
occur because of the underlying sensitive, compressible Leda clays. However, abutment
movements were not anticipated, since the abutments were founded on end-bearing piles.
In conventional abutment design, the resultant force on a bridge abutment is inclined in a
direction towards the structure. In each of the structures investigated, however, the
abutments moved in a direction opposite to that assumed. Abutment movement away from
the bridge had not occurred in other department of highway structures.

Of the seven bridge sites, two 22- to 25-foot high embankments (Brookdale,
Hwy. 2) had settled 2.8 feet within 900 days after construction. Borelogs indicated that
"very soft to very stiff clay” was present to depths of approximately 35 feet below the
natural ground surface. The magnitude of settlement and lateral movement was large
enough to require repositioning of rocker bearings at the abutments. After 1,900 days,
settiements of 3.3 feet (Brookdale) and 3.8 feet (Hwy.2) were recorded.

Settlements at the other sites were of smaller magnitude than those observed at the

Brookdale and Hwy. 2 bridge sites. The magnitudes and directions of the abutment



movements at the various bridge sites were found to be dependent on the thicknesses of the
underlying compressible layers.

The abutments that moved away from the structure were subjected to a resultant
force acting in the direction opposite to that assumed in conventional design. The lateral
forces arose from the consolidation of the subsoil under the weight of the embankment.
Lateral movement of the embankment and foundation soils away from the structure created
horizontal thrust on the abutment and supporting piles. This thrust allowed the abutment
and piles to be displaced laterally, since the steel H-piles used to support these abutments
provided very little resistance to horizontal forces. The investigators also noted that
maintenance procedures, such as fills and asphalt overlays, only aggravated settlement and
tilting.

Mitigating measures were proposed for other localities with comparable subsoil and
loading conditions. Battered piles driven in a direction away from the bridge were
suggested to resist lateral forces acting on the abutments. These battered piles (though piles
battered in both directions longitudinally would have been preferable) were recommended
for support of parallel wingwalls as well. Staged construction with longer waiting periods
before bridge construction could have eliminated a great deal of post construction
settlement.

Kentucky (1969