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PREFACE 	A vast storehouse of information exists on nearly every subject of concern to highway 
administrators and engineers. Much of this information has resulted from both research 
and the successful application of solutions to the problems faced by practitioners in their 
daily work. Because previously there has been no systematic means for compiling such 
useful information and making it available to the entire community, the American As-
sociation of State Highway and Transportation Officials has, through the mechanism of 
the National Coopemtive Highway Research Program, authorized the Transportation 
Research Board to undertake a continuing project to search out and synthesize useful 
knowledge from all available sources and to prepare documented reports on current 
practices in the subject areas of concern. 

This synthesis series reports on various practices, making specific recommendations 
where appropriate but without the detailed directions usually found in handbooks or de-
sign manuals. Nonetheless, these documents can serve similar purposes, for each is a 
compendium of the best knowledge available on those measures found to be the most 
successful in resolving specific problems. The extent to which these reports are useful 
will be tempered by the user's knowledge and experience in the particular problem area. 

FOREWORD This synthesis will be of interest to state Depariments of Transportation (DOT) 
By Staff geotechnical, structural, roadway design, construction, and maintenance engineers; 

Transportation DOT research staff; and personnel in local transportation agencies. This synthesis de- 
Research Board scribes the current state of the practice for the design, construction, and maintenance of 

bridge approaches to reduce, eliminate, or compensate for settlement at the bridge/abut- 
mentiembankment interface or "the bump at the end bridge." It discusses the geotechnical 
and structural engineering design and procedural factors to reduce the bump at the end 
of the bridge, and includes numerous illustrations. 

Administrators, engineers, and researchers are continually faced with highway problems 
on which much information exists, either in the form of reports or in terms of undocumented 
experience and practice. Unfortunately, this information often is scattered and unevalu- 
ated and, as a consequence, in seeking solutions, full information on what has been 
learned about a problem frequently is not assembled. Costly research findings may go 
unused, valuable experience may be overlooked, and full consideration may not be given 
to available practices for solving or alleviating the problem. In an effort to correct this 
situation, a continuing NCHRP project, carried out by the Transportation Research 
Board as the research agency, has the objective of reporting on common highway prob- 
lems and synthesizing available information. The synthesis reports from this endeavor 
constitute an NCHRP publication series in which various forms of relevant information 
are assembled into single, concise documents pertaining to specific highway problems or 
sets of closely related problems. 

This report of the Transportation Research Board presents data obtained from a re- 
view of the literature and a survey of the state DOTs. It is a supplemental update to Synthe- 
sis of Highway Practice 159: Design and Construction of Bridge Approaches, (1990). 



The synthesis identifies and describes techniques that have been used to alleviate the 
problem of the bump at the end of the bridge including the location and cause of settle-
ment and methods used to reduce settlement. In addition, the types of interaction be-
tween various divisions of the DOTs in the design, construction, and maintenance of 

bridge approaches are addressed. 
To develop this synthesis in a comprehensive manner and to ensure inclusion of 

significant knowledge, the Board analyzed available information assembled from nu-
merous sources, including a large number of state highway and transportation depart-
ments. A topic panel of experts in the subject area was established to guide the research 
in organizing and evaluating the collected data, and to review the final synthesis report. 

This synthesis is an immediately useful document that records the practices that were 
acceptable within the limitations of the knowledge available at the time of its prepara-
tion. As the processes of advancement continue, new knowledge can be expected to be 

added to that now at hand. 
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SETTLEMENT OF BRIDGE APPROACHES 
(The Bump at the End of the Bridge) 

SUMMARY 	A bump often develops at the end of a bridge near the interface between the abutment 
and the embankment. Reduction in steering response, distraction to the driver, added risk 
and expense to maintenance operations, and reduction in a transportation agency's public 
image are all undesirable effects of these uneven and irregular transitions. 

This report is a synthesis of practice for the design, construction, and maintenance re-
lated to settlement of bridge approaches. The content is based on a literature review, the 
responses to a survey questionnaire of 72 engineers from 48 state departments of transpor-
tation (DOTs), and discussions with DOT engineers. 

The bump at the end of a bridge is a complex problem involving a number of compo-
nents, including the natural soil on which the embankment and the abutment are built, the 
approach fill material, the foundation type used for the bridge abutment, the abutment type, 
the structure type, the bridge/roadway joints, the approach slab, the roadway paving, and 
the construction methods. The problem affects 25 percent of the bridges in the United 
States, approximately 150,000 bridges, and the amount of money spent every year on the 
repair of this problem nationwide is estimated to be at least $100 million. The most com-
monly reported causes of the bump are (in order of importance): 

Compression of the fill material 
Settlement of the natural soil under the embankment 
Poor construction practices 
High traffic loads 

. Poor drainage 
Poor fill material 
Loss of fill by erosion 
Poor joints 
Temperature cycles. 

A special case, integral bridge abutments, appears to create a consistent bump problem re-
sulting from temperature cycles and the associated compression and decompression of the 
approach fill by the abutment wall. 

The bump reportedly is minimized in the following cases (in order of importance): 

Abutment and embankment on strong natural soil 
Approach slab (long enough and strong enough) 
Well-compacted fills or stabilized fills 
Good fill material 
Good drainage 
Low embankments 
Adequate time period between fill placement and paving 
Good construction practice and inspection 
Low truck traffic. 
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Data collected for this synthesis indicate that a bump is most likely to appear if any of 
the following conditions are present: 

High embankments 
Abutment on piles 
High average daily truck traffic 
Soft clay or soft silt natural soil 
High intensity rainstorms 
Extreme temperature cycles 
Steep approach gradient. 

There are several ways to significantly reduce the bump at the end of the bridge. How-
ever, the cost of a particular solution may be prohibitive or may exceed the life-cycle main-
tenance cost associated with a tolerable bump. The best current practices optimize the bal-
ance between proper design, proper construction, and acceptable maintenance while 
satisfying budget constraints and safety levels. Within this framework it must be accepted 
that the problem will not be solved for all bridges. The 10 considerations described below 
comprise the best practices around the country, which seem to minimize but not eliminate 
the bump at the end of the bridge. 

First, within the context of best practice, the bump at the end of the bridge is acknowl-
edged as a stand-alone design issue and its prevention could be a design goal. Failures in 
engineering rarely occur because the design rules are not accurate. Rather, problems de-
velop when a factor has been completely overlooked. 

Second, someone is responsible for this design issue. It appears that the geotechnical 
engineer has the best background in this respect. The problems of differential settlement, 
erosion, and compaction represent the major components of the bump problems; all are 
geotechnical engineering issues. 

Third, teamwork and open-mindedness are very helpful. Where best practice is ob-
served, meetings take place and information flows to all affected parties, existing ap-
proaches are challenged if they have not been successful and new approaches are consid-
ered. The bump develops at the connection between a geotechnical engineer's design—the 
embankment, and a structural engineer's design—the bridge. Note here that a proper foun-
dation and embankment design should include a thorough site and soil testing investiga-
tion. Furthermore, proper construction is paramount and maintenance can be significantly 
impacted. The maintenance engineer, the construction engineer, the structural engineer, the 
pavement engineer, and the geotechnical engineer must act as a team. 

Fourth, settlement calculations are carried out unless it is obvious that settlement is not a 
problem. The settlement versus time curve should be established for both the embankment 
and the bridge abutment. Each requires proper testing of the natural soil and of the em-
bankment fill. The differential settlement versus time that will develop after the final pay-
-ing is then calculated. Since the stiffness of the fill is not known at the time of design, the 
approach is to assume a certain stiffness and ensure that this stiffness is met or exceeded at 
the construction stage. This is usually done by controlling compaction. 

Fifth, if the differential settlement is large enough and if it cannot be decreased by soil 
improvement techniques, an approach slab is considered. The decision to use an approach 
slab is affected by the magnitude of the differential settlement, the average daily traffic, and 
the cost of maintenance. The safe but expensive solution is to use approach slabs in all cases. 
The approach slab should be long enough to maintain a smooth transition between the em- 
bankment and the bridge. Slopes of 1/200 are considered tolerable. The approach slab is de-
signed to handle such a free span under full traffic load; typical dimensions are lengths of 6 
to 7 in (18 to 21 ft) and thicknesses of approximately 250 mm (10 in.). For large predicted 
settlements, ajackable or otherwise repairable slab may be specified. 



Sixth, expansion/contraction between the structure and the approach roadway is accounted 
for. One way is to ensure that the bridge end panels are designed and constructed so that 
they do not move when bridge length changes during temperature cycles. 

Seventh, the issue of drainage is addressed carefully. Water should be directed away 
from the embankment fill which should be protected against erosion. Using an erosion-
resistant material near the abutment and geosynthetics to contain the fmes are common 
erosion-prevention procedures. 

Eighth, proper specifications are used in choosing material for the embankment fill, for 
compaction of the embankment, for drainage provisions, and for joint installations. It is par-
ticularly important to achieve required compaction against the backwall of the abutment. 

Ninth, knowledgeable and thorough inspection during construction, in particular on the 
geotechnical aspects, helps to ensure a quality finished product. 

Tenth, the final inspection prior to opening the structure to traffic includes: 

Verifying that the joints were installed correctly and have been tested for water-
tightness; 

Verifying that the roadway profile meets grade specifications for the bridge deck and 
the approach roadway; and 

Verifying that the structure and roadway drains are adequate. 

As mentioned earlier, these steps do not lead to the absence of a bump but rather to 
minimizing this problem. While all efforts should be made to solve the problem at the de-
sign stage, it will always be wise to provide for an easy future maintenance. 



CHAPTER ONE 

INTRODUCTION 

There are approximately 600,000 bridges in the United 
States. Thirty-five percent of those bridges are deficient and 
the cost of repair is estimated at $78 billion (1). A part of this 
infrastructure degradation is a problem known as the bump at 
the end of the bridge (2). This problem has been studied by a 
number of state departments of transportation and researchers 
and has been the subject of two previous National Cooperative 
Highway Research Program (NCHRP) studies: Synthesis of 
Highway Practice 2: Bridge Approach Design and Construc-
tion Practices (3) and Synthesis of Highway Practice 159: 
Design and Construction of Bridge Approaches (4). Synthesis 
159 discusses in detail various technologies associated with 
minimizing settlement, such as ground improvement tech-
niques, which are not the focus of the current synthesis. 

The bump develops when there is differential settlement or 
movement between the bridge abuunent and the pavement of 
the approach embankment. Figure 1 illustrates a typical bridge 
approach system and the components involved. The bump 
may cause riding discomfort and is a potential safety hazard to 
motorists. Hazard and inconvenience are compounded when a 
lane is closed to traffic to make repairs. When the differential 
movement occurs, a discontinuity may also develop in the 
alignment of guard rails. A bump that is allowed to persist in-
creases the chance of damage to the bridge deck from the  

dynamic impact of vehicles. Hu et al. (5) calculated that these 
impact loads may be four to five times larger than the static 
loads. Damage to the bridge deck can also be caused by snow 
plows in the winter (6). In addition, the bump can cause dam-
age to vehicles. 

For these reasons, all state DOTs remedy the problem in 
some way. A survey of the state DOTs indicates that the cost 
of repairing the bump is significant, though only a small frac-
tion of most DOT operations budgets are allocated to this con-
cern. With 150,000 bridges in the nation affected by this 
problem, Ihe total estimated cost is at least $100 million dol-
lars per year; this aspect is discussed in chapter 4. 

Identifying the cause of the problem can be very complex. 
Both causes and solutions are site-dependent and can also be 
design-dependent. To understand why the bump occurs, one 
must have a knowledge of the components involved. These are 
described in chapter 2. The current practice and the techniques 
for mitigating the problem of the bump at the end of the bridge 
are the focus of this synthesis. Chapter 3 examines the previ-
ous works on these topics, while chapter 4 explains the current 
practice of detection, design, construction, and maintenance 
based on the survey responses from departments of transpor-
tation (Appendixes A and B). Conclusions and recommenda-
tions for future work are found in chapter 5. 

Bridge 

Bridge Deck__\  

Embankment 

\ roach Slab 
Joint (Optional)  

Pavement 

I  L1-> Abutment— Jill Shallow Foundation 	 I 

1: 	L1 
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II 	II 	II 
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Deep Foundation 	 I' 1 
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FIGURE 1 Elements of a bridge approach system. 
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CHAPTER TWO 

COMPONENTS INVOLVED 

Many components are involved in the development of the 
bump at the end of a bridge (Table 1) and many factors con-
tribute to its existence (Figure 2), which make identifying the 
cause and a feasible solution very complex. This chapter dis-
cusses the various components and their relation to the bump 
at the end of the bridge. 

TABLE 1 

ITEMS THAT AFFECT BRIDGE APPROACH PERFORMANCE 
(after 7) 

Soil types 	 Rock 
Granular 
Compressible soil 
Expansive soil 

Foundation types 	 Pile supported 
Spread footing, shallow 
Spread footing, deep 
Spread footing on MSE wall 

Structure types 	 C.I.P. concrete 
Precast, prestressed concrete 
Post tensioned concrete 
Steel 

Abutment types 	 Spill through 
Pile supported 
Column and spread footing 
supported 
Vertical wall 
Integral with superstructure 

Bridge-end condition 	Fixed 
Expansion 

Construction methods 	Build structure first 
Build end fills, then bridge end 
bents 
Construct wingwalls on falsework 
Construct wingwalls on fills 

AC paving Roadway paving 	
PC paving 	

for CRCP paving Terminal anchor 

Btidgelmadway joint 	Expansion joint 
No expansion joint 

NATURAL SOIL 

Compression of the natural soil is a problem common to 
most bridge projects. Knowing the type of natural soil on 
which the bridge and the approach embankment are to be built 
gives an indication of future performance. Rock, gravel, and 
sand deposits are not likely to result in long-term settlement  

problems. Compression of these cohesionless soils usually oc-
curs as soon as the load is applied with small long-term Set-
tlements. However, clays and silts are much more likely to 
exhibit time-dependent settlement and lateral deformations. 
Penetration tests can give an idea about the softness of a clay 
or a silt, but the strength and compressibility of the soil must 
also be measured properly. 

It is very important to accurately calculate both short-term 
and long-term settlement for the bridge and for the approach 
embankment. At the design stage, knowing that settlement of 
the approach embankment is expected can guide design and 
construction decisions to prevent or minimize the forma-
tion of the bump. Briaud and Tucker (8) and Briaud and Gib-
bens (9) give an overview of settlement calculations for em-
bankments on natural soil and spread footings on sand. Other 
problems to be kept in mind and addressed in the design proc-
ess are the short- and long-term stability, and creep related lat- 
eral deformations. 	 V 

APPROACH FILL 

There are many types of approach fill materials that can be 
used. Fill material that is readily available may be more eco-
nomical but may not perform as well as a select fill material, 
which typically is a granular, cohesionless soil with some 
fines that will compact easily and will result in little or no 
post-construction settlement if properly compacted. The corn-
paction process is of paramount importance to reduce the 
bump problem. Even with proper compaction, fills with sig-
nificant clay content may exhibit time-dependent movements, in-
cluding heave or settlement. 

Lightweight fills may be useful. They lessen the load of the 
embankment on the natural soil, thus reducing the amount of 
settlement that occurs in the natural soil. Wahls (4) and Elias 
and Christopher (10) list lightweight fills that have been used. 
They include tree bark, sawdust, peat, fuel ash, slag, cinders, 
scrap cellular concrete, low-density cellular concrete, ex-
panded clay or shale (lightweight aggregate), and expanded 
polystyrene. However, some of these materials may introduce 
other problems, such as consolidation of bark, sawdust, peat, 
and deleterious effects on other elements (cinders around 
steel). It is essential to select these materials with great care 
(10). 

FOUNDATION 

The bridge abutment requires a foundation. This foundation 
can be bored piles, driven piles, or spread footings (Figure 3). 
The foundation type depends on the foundation soil, the type 
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FIGURE 3 Types of foundations.  

of bridge (which will determine the load carried by the abut-
ment), and whether the structure bridges over water or not. 
Different soil types have different engineering properties. De-
pending on the bearing capacity and deformation properties of 
the soil, some foundation types may be more suitable than 
others. For example, if the natural soil is fnade of soft clay or 
silt, a pile foundation is typically used to transfer the load to a 
more suitable soil type. Sometimes, battered piles are used be-
cause of their ability to resist lateral forces from the embank-
ment fill (Figure 4); however, seismic forces can "punch" these 
piles through the deck. Bored piles are constructed of concrete 
and reinforcing steel. Driven piles are typically prestressed 
concrete piles or steel piles, though sometimes timber piles are 
used. 

Shallow foundations, or spread footings, that rest in the 
embankment fill have also been successfully constructed on 
many soil types. Laguros et al. (11) indicate that the bump prob-
lem and differential settlement occurred less frequently when a 
shallow foundation was used in this manner. The reason is 
that the abutment settles with the embankment and the part of 
the bump due to the differential settlement between the em-
bankment and the abutment is not there. In a way, the spread 
footing plays the role of the sleeper slab and the first span 
plays the role of the approach slab. 

It is a -little-known fact that deep foundations settle about 
the same amount on the average as shallow foundations. This 
was demonstrated in two independent studies performed by 
Moulton (12) and Hearne (13). Deep foundations do settle, yet 
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settlement calculations for deep foundations are very rarely 
performed, perhaps due to the myth that they do not settle. On 
the other hand, shallow foundations can be designed to meet a 
design settlement. Shallow foundations are rarely used for 
river crossings because of scour problems; they are also rarely 
used directly on very compressible soils. 

- 

ABUTMENT TYPE 

The purpose of the abutment is two fold: the abutment sup-
ports the structural loads, and the abutment wall, together with 
the wingwalls, retains the approach embankment.' 

There are three major and at least two minor types of 
abutments. The major types are closed or high abutment, stub 
or perched abutment, and pedestal or spill-through abutment 
(Figure 5). A closed abutment has a wall that extends the en-
tire height of the embankment and must be constructed before 
the embankment. In this case, it is difficult to compact the 
embankment fill near the abutment due to the confmed space. 
Closed abutments are also subjected to higher lateral earth 
pressures than other abutment types. 

Stub or perched abutments (Figure 5) are generally con-
structed after the embankment is constructed up to the height 
that corresponds to the bottom of the abutment. This simplifies 
the fill compaction process, except for the compaction of a 
small amount of backfill behind the abutment. Such abut-
ments may rest on a shallow foundation in the embankment or 
on piles. Because the stub or perched abutments do not extend 
the entire height of the embankment, they experience the low-
est lateral earth pressures of the three types. 

Pedestal or spill-through abutments are stub abutments 
supported on columns, as seen in Figure 5. This type of abutment 
must be constructed before the embankment. The embankment fill 
will be built up on both sides of the supporting columns. It is 
difficult to compact the fill in the area near the abutment, es-
pecially between the columns. However, spill-through abut-
ments also experience lower lateral earth pressures than closed  

abutments because there is no solid structure preventing the 
lateral movement of the soil (4). For the same reason, this lat-
eral movement continues after construction is complete. 

There are at least two other types of abutments in use. They 
are integral abutments and mechanically stabilized abutments. 
Integral abutments (Figure 5), while still not common, offer 
several advantages and may become more popular. In this 
situation, the bridge and the abutments are connected as a 
single structure with no expansion joint between them. Burke 
(14) shows that many DOTs have retrofit nonintegral abut-
ments to integral or semi-integral abutments. A joint is still 
needed, however, between the bridge and the approach road-
way for temperature compensation. While integral abutments 
add structural advantages, they also introduce thermal move-
ments into the approach system. Such thermal movements add 
to the approach bump problem. Integral abutments also require 
special attention to the lateral load imposed on the foundation 
piles by the horizontal movement of the abutment induced by 
temperature cycles. Greimann et al. (15) describe a pile design 
example for integral abutments. 

Mechanically stabilized abutments are stub or perched 
abutments founded on a spread footing resting on the rein-
forced embankment fill (Figure 5). The embankment fill is 
reinforced with geosynthetics or metallic reinforcement. This 
reinforcement essentially absorbs the lateral pressures caused 
by the embankment fill. Mechanical stabilization also allows a 
vertical slope at the edge of the abutment; this leads to shorter 
bridges with the same available opening underneath for traffic 
or for the stream channel. The construction of mechanically 
stabilized backfill (MSB) is simple and time-efficient, it is 
being used in a wide variety of projects including landslide re-
pair, retaining walls, and highway embankment construction 
(16). 

Wingwalls are a component of the abutment (Figure 6). 
They extend outwardly from the abutment, away from the 
bridge. The purpose of wingwalls is to contain the approach 
fill material near the abutment. Wingwalls can be perpendicu-
lar to the abutment or extend out at an angle. Typically, the 
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height of the wingwalls decreases as the distance from the 
bridge increases. 

STRUCTURE TYPE 

The type of structure can have an effect on the magnitude of 
the bump at the bridge approach. Conversely, distress at the 
bridge approach may have an effect on the bridge, depending 
on the bridge type. 

Aside from the depth of foundation, the type of abutment, 
and the approach slab, the most significant aspect of bridge 
type in relation to the bump is the type of support for the end 
span. Simply supported end spans predominate in the United 
States and are more tolerant of abutment movement than 
spans that are continuous over the first interior bent. When the 
bump at the approach is due to movement of the abutment 
relative to the interior supports, the effect on the negative 
bending moment of continuous end spans can be significant. 

Earlier studies usually do not report a significant correla-
tion between the bridge or abutment type and the presence of a 
bump. An exception is the bump associated with the thermal 
expansion of integral abutment bridges; these bridges repre-
sent a small fraction of the nation's bridge population but are 
more prominent in some states (18). For such bridges, the 
abutment is rigidly connected to the bridge deck and the ther-
mal expansion of the bridge deck compacts the backfill behind 
the abutment. When the bridge deck cools off and shortens, a 
gap opens behind the abutment where the fill can fall. This 
leads to a loss of ground behind the abutment and to a bump. 
As a result, integral bridges should be constructed with full-
width approach slabs (19). Wolde-Tinsae et al. (20) also report 
that aspects of poor structural design, including excessive 
camber or sag in the first span of the bridge, gaps forming  

between the backwall and roadway fill, additional stresses on 
the approach pavement, cracking of the backwalls, and cracking of 
the wingwalls can affect the magnitude of the bump. 

Distress at the bridge approach has been noted to adversely 
affect the actual impact loading experienced by the end span. 
The magnitude of this increased impact loading has been es-
timated to be much greater than the maximum value of 30 
percent estimated in design procedures. This impact overload-
ing may have different effects on different deck and superstruc-
ture designs. Qualitative field observations (21) indicate that 
deck cracking under heavily loaded truck traffic is more pro-
nounced on steel 1-beam bridges than on prestressed concrete 
girder spans. 

BRIDGE/ROADWAY JOINT 

Joints and sealers in concrete pavements (22, 23) can con-
tribute to motorist discomfort if they are not properly con-
structed and maintained. An expansion joint is sometimes 
used to allow for thermal changes that occur in the bridge and 
the approach system (Figure 6). An expansion joint that is 
properly maintained will cause few problems. However, if the 
seal in an expansion joint is allowed to deteriorate or is im-
properly installed, debris will collect in the joint and the 
structure will have no room to expand. This can cause distress 
to the bridge or the abutment. 

Another problem with poorly maintained joints is that wa-
ter can infiltrate through them into the fill material behind the 
abutment. This can erode the fill material or cause increased 
pressure on the abutment wall. 

Integral abutments, discussed earlier, do not provide for an 
expansion joint between the bridge and the abutment. Thermal 
movement of an integral abutment does cause compression of 
the adjacent fill, creating a void, first behind the abutment and 
then beneath the approach slab (18). A joint will form at the 
bridge end if no provision is made for it. 

Burke (24) explains that properly designed approach slabs 
used with integral bridges will eliminate some approach dis-
tress caused by the formation of the void, but the approach 
slabs will still experience cyclic movements that may even-
tually push the slab off its seat if not designed properly. To 
prevent this from happening, engineers have tied the approach 
slab to the integral bridge. This may improve the approach 
slab movement, but an expansion joint is still needed. If this 
expansion joint is not properly maintained, the problem is 
moved to the pavement end of the bridge approach. Bellin (25) 
maintains that integral bridges with approach slabs tied to the 
bridge show joint deterioration at both ends of the approach 
slab. Opinions vary concerning the effectiveness of approach 
slabs with integral bridges. 

APPROACH SLABS 

Approach slabs are reinforced concrete slabs used to span the 
problematic area between the approach pavement and the 
bridge abutment (Figures 1 and 6). They are used in 80 percent 
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of new bridges (18). Approach slabs are designed to span 
various lengths, but 4 to 7 in (13 to 23 ft) is a typical range. 
However, Stark et al. (26) advocate the use of 20 rn-long (66 
ft) approach slabs because the observed cradle of settlement at 
approaches extends that far. The thickness of approach slabs 
also varies. Typically they are 225 to 305 mm (9 to 12 in.) 
thick. The slabs may be supported at both ends; the bridge end 
support is provided by the abutment and the pavement end 
support by a sleeper slab (Figure 1) or by the roadway em-
bankment. A sleeper slab is a footing that extends the entire 
width of the roadway. Some approach slab details are pre-
sented in Appendix C. 

The intended function of an approach slab is: 

To span the void that may develop below the slab; 
To prevent slab deflection, which could result in settle-
ment near the abutment; 
To provide a ramp for the differential settlement be-
tween the embankment and the abutment. This function 
is affected by the length of the approach slab and the 
magnitude of the differential settlement: and 
To provide a better seal against water percolation and 
erosion of the embankment. 

- 

The portion of the embankment under the approach slab is 
difficult to construct to the same compaction standards as the 
major portion of the embankment and is more susceptible to 
live-load induced deformation. This is true whether an ap-
proach slab is used or not. Other than the availability of high-
quality fill materials and well-controlled compaction, the ap-
proach slab appears to be the most important component in the 
bridge for reducing the bump at the approach. Survey replies 
confirm this with a consensus of respondents mentioning the 
positive aspects of approach slabs in preventing or minimizing 
the problem. A few comments, however, pointed out that ap-
proach slabs work only if bridge movements are provided for 
and expansion joints prohibit water from entering the ap-
proach 

p
proach fill and that approach slabs are expensive, often do not 
work, and are difficult to construct. Stewart presents a study of 
approach slab performance through case histories (27). 

One different configuration for bridge approach slabs is to 
use a 50 m-long (152 ft) approach slab supported on piles of 
diminishing penetration. This provides a smooth transition 
from the bridge abutment, which is on long piles, and the 
pavement, which is a slab on grade. This solution is rated as 
"very promising" by Kemabli (28). While the concept of pro-
viding a gradual transition between two often very different 
types of support systems is sound, the cost of such a solution 
appears to be quite high. 

The question of when to use an approach slab is a difficult 
one to answer (29). The decision should be based on the 
amount of calculated or anticipated differential settlement 
between the abutment and the embankment, the ability to 
achieve good compaction, and the ability to prevent erosion or 
loss of support due to water infiltration. Wahls (4) and Stark et 
al. (26) mention that a slope of 1/200 is acceptable from the 
standpoint of riding comfort. It seems that the change in slope, 
more than the slope itself, is critical. The statements by Wahls  

and Stark et al. may be interpreted to mean that a change in 
slopes of less than 1/200 is allowable (Figure 7). 

Bridge 	I 	Approach Slab 	I Embankment 

- 
Change of Slope :91/200 

FIGURE 7 Allowable criterion for approach slab slopes 
(after 4 and 26). 

ROADWAY PAVING 

There are three common types of roadway pavement: as-
phalt concrete (AC) pavement, portland cement jointed rein-
forced concrete pavement (JRCP), and continuously reinforced 
concrete pavement (CRCP). The AC pavement is flexible and 
is placed on top of the subbase, base course, and sometimes 
the seal coat system. An AC pavement frequently deforms 
more easily, especially under high temperatures or high truck 
traffic. The JRCP and CRCP pavements are rigid pavements 
placed directly on a base layer. Reinforced concrete pavement 
lugs may extend into the base and fill to anchor the ends of the 
CRCP. Such lugs could also be used on JCRP slabs near 
bridges to minimize the movement at expansion joints. JRCP 
and CRCP pavements often experience some amount of 
pavement growth that can eventually close the expansion 
joints. These joints are designed to compensate for the thermal 
expansion and contraction of the pavement. Pavement growth, 
whether due to thermal expansion or alkali-silica reactions 
(ASR), can lead to severe abutment distress and increased 
likelihood of a bump at the approach (30, 31). Flexible pave-
ments exhibit types of distress that differ from rigid pave-
ments. 

ave
ments. For example, rutting of flexible pavements can result 
from improper compaction of the embankment backfill near 
the abutment. 

CONSTRUC11ON METhOD 

Construction methods can play a significant role in the 
formation of the bump at the bridge end. The approach em-
bankment can be constructed either before or after the bridge 
and abutment structures. This choice depends on the type of 
abutment used and sometimes on the type of structure. As 
stated previously, closed and spill-through abutments require 
the construction of the abutment first. Perched abutments are 
constructed after the embankment is placed. If the approach 
embankment is constructed first, post-construction settlement 
will be reduced. More recently, mechanically stabilized earth 
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(MSE) abutments have been used successfully and seem to 
reduce the bump problem, if piles are not required for seismic 
or other design concerns. 

Another issue is compaction of the fill material. Inadequate 
compaction of the fill can lead to post-construction compres-
sion of the embankment and the formation of the bump. This  

can especially be a problem near the abutment. It is desirable 
to leave at least 3 m (9 ft) between the abutment wall and the 
embankment so that large equipment can compact the ap-
proach fill material near the abutment (7). In some states, 
heave of the embankment in relation to the abutment results 
from swelling soils. 
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cHAVrER THREE 

LITERATURE REVIEW 

For this synthesis, a literature search was performed 
through the Transportation Research Information Service 
(TRIS) files. The abstracts were ranked and those reports most 
directly related to the topic of the bump at the end of the 
bridge were chosen for review. They are all listed in the refer-
ences. Several of these works were syntheses, which involved 
a literature search and a survey of transportation agencies. The 
reports pertaining to research performed commonly addressed 
the inspection of bridges and bridge sites. This chapter pro-
vides an overview of the findings. 

Among the most notable recent studies are: 

Stark et al., 1995, "Differential Movement of the Em-
bankment/Structure Interface—Mitigation and Rehabilitation" 
(26) 

Yeh and Su, 1995, "BPS, Flow Fill and Structure Fill for 
Bridge Abutment Backfill" (32) 

Hearn G., 1995, "Faulted Pavements at Bridge Abut-
ments" (13) 

Chini et al., 1993, "Drainage and Backfill Provisions for 
Approaches to Bridges" (33) 

Schaefer and Koch, 1992, "Void Development Under 
Bridge Approaches" (18) 

James et al., 1991, "A Study of Bridge Approach 
Roughness" (30) 

Kramer and Sajer, 1991, "Bridge Approach Slab Effec-
tiveness" (29) 

Laguros et al., 1990, "Evaluation of Causes of Excessive 
Settlements of Pavements Behind Bridge Abutments and 
Their Remedies—Phase IF (11) 

Whals, 1990, "Design and Construction of Bridge Ap-
proaches (4) 

Wolde-Tinsae and Aggour, 1990, "Structural and Soil 
Provisions for Approaches to Bridges" (34) 

Tadros and Benak, 1989, "Bridge Abutment and Ap-
proach Slab Settlement"(1 7) 

Snethen, D. R., 1997, (forthcoming) "Instrumentation 
and Evaluation of Bridge Approach Embankments. US 177 
Bridges over Salt Fork River" (35) 

This reference is a study by Oklahoma State University 
(Don Snethen, Civil Engineering) for the Oklahoma DOT on a 
detailed observation of the behavior of six bridge approach 
embankments built using five different techniques, including 
controlled low-strength backfill, geosynthetics-reinforced 
backfill, dynamic compaction, granular backfill, select material. 

West Virginia University, 1997 (forthcoming) "Study of 
Bridge Approach Behavior and Recommendations on Improv-
ing Current Practice" (36). 

This reference is a study to be completed in the near future 
by West Virginia University for the West Virginia DOT. The  

project is studying the performance of poorly and well-
performing approaches to assess the magnitude of the problem 
and develop recommendations for further action. 

GENERAL FINDINGS 

The percentage of bridges affected by approach settlement 
is not clear from reviewing the literature. Stark et al. (26) do 
mention that in a survey of 1,181 bridges in Illinois, 27 per-
cent exhibited a significant bump. If few reports discuss the 
percentage of bridges affected, nearly all the reports come to 
similar conclusions about the possible causes of the bump. 
These include: 

Settlement of the natural soil under the embankment, 
Compression of the embankment fill due to inadequate 

compaction of the fill, and 
Poor drainage behind the bridge abutment and related 

erosion of the embankment fill. 

Some reports also suggest that horizontal forces on the abut-
ments could be a cause of the bump (17, 37). These horizontal 
forces are due to longitudinal pavement growth (30, 31) or soil 
pressures (17). James et al. (30) state that longitudinal pave-
ment growth may influence approach roughness; they ranked 
131 Texas bridges according to the severity of the bridge ap-
proach 

p
proach roughness. Those bridges with rigid pavements had 
more severe roughness than those with flexible pavements. 
Provision for bridge and roadway expansion/contraction may 
have a significant effect on the degree of roughness at the 
bridge end. 

Another cause of approach problems mentioned was void 
development beneath the approach slab. This could be caused 
by thermally induced movements of integral abutments that 
compact the fill (18, 13) or, as mentioned before, by the ero-
sion of the fill material aggravated by pumping. Laguros, 
Zamnan, and Mahmood (11) found that higher embankments 
experienced greater amounts of settlement and therefore have 
more roughness problems. The Kramer and Sajer (29) study 
for the Washington State Department of Transportation dis-
cusses contributing causes of bump formation. Table 2 is a 
summary of their findings. 

Schaefer and Koch (18) in South Dakota give specific rec-
ommendations for limiting the bump when it is caused by 
thermally induced movements of integral abutments compact-
ing the backfill. They recommend that: 

1. Shoulder areas of approach embankments should be 
capped with asphaltic concrete. 



TABLE 2 

CAUSES OF BRiDGE APPROACH PROBLEMS CATEGORIZED (after 29) 

Differential Settlement 
Compression of natural soils Primary consolidation, secondary compression, and creep 
Compression of embankment soils Volume changes and distortional movements/creep of 

embankment soils 
Local compression at bridge/pavement Inadequate compaction at bridge/pavement interface, drainage 

interface and erosion problems, rutting/distortion of pavement section, 
traffic loading, and thermal bridge movements 

Movement of Abutments 
Vertical movement Settlement of soil beneath, downdrag, erosion of soil beneath 

and around abutment 
Horizontal movement Excessive lateral pressures, thermal movements, swelling 

pressures from expansive soils, and lateral deformation of 
embankment and natural soils 

Design/Construction Problems 
Engineer-related Improper materials, lift thickness, and compaction requirements 
Contractor-related Improper equipment, overexcavation for abutment construction, 

and survey/grade errors 
Inspector-related/Poor quality control Lack of inspection personnel and improper inspection personnel 

training 
Design-related No provision for bridge expansion/contraction spill-through 

design resulting in the migration of fill material from behind 
the abutment 
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Mudjacking should be performed when a void extends 
back 3 m from the abutment, or if the void reaches a 
height of 100 mm (50 mm in high traffic areas). 
The reinforcement of the approach slab should be de-
signed to minimize the transverse cracking that occurs 
near the abutment/approach slab interface. 
The slope of the cut made for backfill placement be 
changed to measure between 4H:IV and 2H:1V. 
The gradation of the backfill material be changed to a 
slightly finer, more well-graded material, and the re-
quirement of fractured faces be dropped. 
The use of the filter wrap should be continued to prevent 
erosion and raveling of the granular materials and as a 
separator for future mudjacking. 

A 1994 study performed by Zaman et al. (38) for the Okla-
homa Depariment of Transportation resulted in a statistical 
model that predicts problematic bridge approaches prior to 
construction. They identify several factors that may affect 
bridge approach performance, including age of the approach, 
embankment height, foundation soil thickness, skewness of 
the approach, traffic volume, embankment, and soil character-
istics. The model calculates total bridge approach settlement. 
Any settlement over 25 mm is considered problematic by this 
model.. Stark et al. (26) consider that a settlement of 50 to 75 
mm would create serious riding discomfort. In their discussion 
of settlement gradient, they state that gradients of 1/100 or 
1/125 create significant riding discomfort and agree with 
Wahls (4) that gradients of less than 1/200 are acceptable. 

Hearn (13) gives a very detailed review of the bump prob-
lem including a summary of methods available to calculate 
settlement. He points Out, as Moulton does (12), that there is 
essentially no difference in the settlement magnitude between  

abutments on piles and abutments on spread footings. This 
statement is based on the measured settlement of nearly 1,000 
structures, including 350 bridges and 50 embankments. Hearn 
found a difference of only 10 mm between the median settle-
ment 

ettle
ment of embankments and abutments with the embankments 
settling more. He indicates that bridges can tolerate more set-. 
tiement than the present perception and gives a relationship 
between the differential settlement 5d  between adjacent points 
and the mean total settlement Sm;  the ratio Sd/Sm is about one 
third. His data lead to various relationships on settlement 
observations. 

The studies give similar recommendations for preventing or 
repairing the problem. These recommendations can be classi-
fled into three categories of improvements that correspond to 
the major causes of the bump at the end of the bridge: im-
provement of the natural soil, improvement of the fill, and 
erosion reduction. 

IMPROVEMENT OF THE NATURAL SOIL 

The goal in improving the natural soil is to minimize the 
amount of settlement that will occur under the embankment 
and the abutment after construction. Improvement techniques 
include removal, densification, and soil reinforcement. Wahis 
(4) gives a good description of these various techniques. More 
recently, an ASCE Specialty Conference (39) and an FHWA 
demonstration project (10) give excellent details on the various 
techniques. Several reports (4, 17, 40) recommend performing 
time rate of settlement calculations to determine the severity of 
the problem. This will assist in choosing the most appropriate 
solutions for the situation. Hopkins and Scott (40) note that 
the amount of settlement that the natural soil experiences and 
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contributes to the formation of a bump depends on when the 
approach pavement is placed. 

Removal involves replacing the soft, compressible natural 
soil with one that will experience less settlement under the 
load of the approach embankment. 

There are several methods of densification (4). They in-
clude waiting periods, surcharging, installation of vertical 
drains, dynamic compaction, compaction piles, and compac-
tion grouting. Figure 8 gives an illustration of these methods. 
Waiting periods, or precompression, involves waiting until the 
rate of settlement has become small enough before completing 
construction. Surcharging consists of pre-loading the natural 
soil with an amount of embankment fill material greater than 
the final design fill height. This shortens the time period to 
reach the design settlement. In some subsurface conditions, 
vertical drains increase the rate at which water drains from the 
foundation soils, resulting in increased settlement rate and de-
creased time to final settlement. Dynamic compaction consists 
of dropping a heavy weight on the ground surface. Compac-
tion piles are made of compacted granular backfill and are in-
stalled through the use of vibrocompaction or vibroflotation. 
Compaction grouting consists of forcing a viscous cement 
grout into the soil under pressure. 

In situ techniques to reinforce the natural soil include stone 
columns, deep soil mixing, and embankment piles. Stone col-
umns, similar to compaction piles, are created by backfilling 
cylindrical, vertical holes in the natural soil with compacted 
stone. Deep soil mixing involves combining lime, flyash, and 
cement with the natural soils using special mixing equipment. 
The third technique, embankment piles, uses timber or pre-
cast concrete piles to transfer the embankment load through 
soft soil deposits. The pile length decreases and pile spacing  

increases the greater the distance from the bridge. Many of the 
reports studied for this synthesis mentioned the above tech-
niques for decreasing the amount of post-construction settle-
ment 

ettle
ment of the natural soil. 

Holmberg (41) cites several cases where embankment piles 
were successfully used in conjunction with an abutment rest-
ing in the embankment fill to minimize the bump at the end of 
the bridge. According to Shields et al. (42), using an abutment 
on a spread footing that rests in the embankment fill allows 
the bridge and the fill to settle together. Grover (43) noted in 
his 1975 study that spread footing abutments have less differ-
ential settlement and smoother rideabiity, but that they appear 
to have more total settlement from the original plan grade than 
deep foundations. Scour is also a more serious concern with 
spread footings. 

Pre-cambering is a design technique used in some states 
(such as Nebraska) to compensate for small amounts of post-
construction settlement. Figure 9 illustrates this method. 
Tadros and Benak (17) explain, "By constructing the approach 
pavement to a somewhat higher profile than the bridge, the 
approach can experience fairly small settlements without a 
deterioration of riding quality." 

50 mm? 

Pavement Slab 
Bridge 	

Approach Slab 

As Constructed (Pre-Camber) 

I 	Approach Slab 	Pamntab_ 
Bridge Deck 	 - - - - - 

it 
50 mm? 	 4 Total Settlement 

After Settlement 

FIGURE 9 Precambering (after 17) 

EMBANKMENT FILL CONSIDERATIONS 

The main concerns about the embankment material and, in 
particular, the abutment backfill (Figure 10) are the type of 
material used, how well it is compacted, and whether it is 
sensitive to erosion. The consensus of the reports studied is 
that a select material should be used behind the abutment to 
minimize compression. Chini et al. (33) cited select material 
specifications from the FHWA manual (44). These include re-
quirements for gradation and soundness. The gradation is as 
follows: 
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FIGURE 10 Distinction between abutment backfill and 
embankment (after 32). 

Percentage Passing by 
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425 Im (No. 40) 	 0 to 70 
75pm(No.200) 	 0to15 
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The soundness requirement states that the material shall be 
substantially free of shale or other soft, poor-durability parti-
cles. Walils (4) cites specifications from California that require 
a maximum plasticity index (P1) of 15 and fewer than 40 per-
cent fines within 45 m (150 ft) of an abutment wall. Several 
studies in England (46, 47, 48) show that fill specifications 
are not cr tical if proper care is taken when compacting the fill. 

If select material is used, the major cause of fill compres-
sion is poor compaction. Kramer and Sajer (29) explore many 
reasons for this, including poor design criteria, inadequate 
equipment, and poor quality control. The literature frequently 
mentions that compaction is inadequate near the abutment be-
cause it is difficult for the compaction equipment to access this 
area. Figures 11 and 12 show examples of abutments with and 
without a corbel, which may be used to support an approach 
slab at the abutment. The presence of a corbel may hinder the 
compaction process. Because minimizing the compression of 
the embankment fill near the abutment is critical in preventing 
bump formation, more stringent compaction specifications are 
necessary near the abutment. California requires that the rela-
tive compaction be increased from 90 percent to 95 percent 
within 45 m (150 ft) of the abutment wall (4). Chini et al. (33) 
list maximum lift thickness and relative compaction used by 
several states for this situation. (These are shown in Table 3.) 
This statement applies to structurally retaining abutments. In 
the case of mechanically stabilized earth walls, these require-
ments and the equipment used may be quite different. 

Stark et al. (26) recommend to reach 90 to 95 percent of the 
modified Proctor test maximum dry density, to compact dry of 
optimum in thin layers (0.15 to 0.2 m) of quality fill. They 
mention that the Ohio DOT requires that backfill contain less  
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than 35 percent passing the U.S. Standard Sieve no. 200. They 
further suggest placing an additional layer of compacted fill 
above final grade to provide better compaction and higher 
confinement at final grade; this surcharge is removed before 
paving. 

Another way to alleviate the problem of excessive fill com-
pression or settlement of bridge approaches is to use jackable 
abutments or jackable approach slabs. The jackable abutments 
often placed on spread footings make it possible to counteract 
a bridge settlement larger than the approach settlement (29). 
This involves raising the bridge deck with hydraulic jacks. 
Tadros and Benak (17) suggest several solutions related to this 
idea; however, these solutions involve raising the approach 
slab and sleeper slab instead of the abutment. These solutions 



TABLE 3 

MAXIMUM LIFU THICKNESSES AND RELATIVE COMPACTION FOR EMBANKMENT 
MATERIAL AT ABUTMENTS (after 33) 

State Maximum Lift Thickness 
(Loose Measurements) 

Relative Compaction 

Arizona 200 mm 95% AASHTO T99 (Standard) 
Arkansas 100 mm 95% AASHTO T99 (Standard) 
California 200 mm 95% * 
Colorado 150 mm 95% AASHTO Ti 80 (Modified) 
Connecticut 150 mm 100% AASHTO Ti 80 (Modified) D 
Delaware 200 mm 95% * 
Maine 200 mm 98% * 
Michigan 220 mm 95% * 
Missouri ----- 95% AASHTO T99 Method C 
New Hampshire 200 mm 98% AASHTO T99 Method C 
Ohio ----- 98% to 102 AASHTO T99 
Rhode Island 250 mm 95% AASHTO T180 Method A orD 
South Carolina 150 mm 95% * 

* 	Slate Test Method 	Not Specified 	10mm = 0.4 in 
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include physical jacking of the slab, sleeper jacking, a pneu-
matic adjustable sleeper, and removable precast pavement 
panels. The raising of the slab is typically followed with mud-
jacking. The removable panels allow more fill material to be 
placed beneath the slab to smooth the approach. The Nebraska 
study (17) also suggests the use of preformed grout holes in 
the approach slab to simplify mud-jacking. (While minimizing 
maintenance is a goal, some emphasize that the best approach 
is to solve the problem at the design stage, not later.) In the fi-
nal analysis, the most economic and safest solution should be 
the best one. 

Using a lightweight fill for the embankment fill material is 
yet another method of dealing with approach settlement. 
Lightweight fill reduces the load carried by the foundation 
soil. This, in turn, reduces the amount of settlement that will 
occur but does not reduce the amount of time required for this 
settlement to take place. Lightweight materials include tree 
bark, sawdust, peat, fuel ash, slag, cinders, scrap cellular con-
crete, low-density cellular concrete, expanded clay or shale 
(lightweight aggregate), and expanded polystyrene. Some of 
these materials may introduce other problems, such as the 
consolidation of bark, sawdust, peat, or have deleterious ef-
fects on other elements (cinders around steel). It is essential to 
take great care in the selection of these materials. More details 
on lightweight fills can be found in Elias and Christopher (10) 

and in Magnan (48). 
The use of mechanically stabilized earth (MSE) or me-

chanically stabilized backfill (MSB), in abutments has helped 
curb the problem of the bump (49). Mechanically stabilized 
abutments tolerate large deformations (4) and can accommo-
date the use of shallow foundations for abutments. In some 
states however, MSE walls create concern about seismic de-
formation of the soil mass. Some DOTs, such as New York, do 
not allow putting shallow foundations on MSE walls. Figure 5 
illustrates the concept of mechanically stabilized abutments. 
Worrall (50), discussing the use of MSE in an abutment at 
Burton-on-Trent, states that "A Reinforced Earth abutment en-
sures that both the approach fills and bankseat settle together,  

eliminating the ever present bump." In the construction of the 
Bayou Louis Bridge in Louisiana, MSE was used to keep the 
embankment from placing pressure on the abutment wall (51). 

Christopher et al. (52) Walls (4), and Mitchell and Villet (53) 

give thorough discussions on the topic of MSB. They include 
examples of the different wall types. 

An interesting study was conducted by Yeh and Su (32) 

who used the following three abutment backfills (Figure 13) 
for six bridges in Colorado: expanded polystyrene (EPS), flow 
fill, and class 1 structure backfill. The EPS is a very light-
weight fill that was placed in blocks (Figure 13). The unit 
weight of the blocks is 0.24 kN/m3  (1.4 lb/ft). The flow fill is 
a low-strength concrete mix that is poured in place and has the 
advantage of strength without compaction (Figure 14). The 
class 1 structure backfill has a required gradation, 5 to 20 per-
cent passing sieve no. 200, a liquid limit less than 35, and a 
plasticity index less than 6. It was compacted at a minimum of 
95 percent of the maximum dry density (AASHTO T- 180). On 
the basis of their movement and ride measurements, Yeh and 
Su conclude that the flow fill has the best performance among 
the three in controlling lateral pressure and movement behind 
the bridge abutments. Further, the flowfill shows the least 
post-construction compression and provides a better ride than 
the other two materials tested. 

EROSION REDUCTION 

The installation of appropriate drainage systems, which is 
very important at bridge approaches, keeps water from collect-
ing behind the abutment or eroding the fill from behind the 
abutment. Both surface and subsurface drainage need to be 
considered. The surface run-off should be routed away from 
the bridge/approach joint. One recommendation toward an ap-
propriate surface drainage system is to place the wingwalls 
beyond the bridge end panels (54). Another recommendation 
is to have a pavement wingwall assembly as shown on Figure 
15. Either way, it is essential to keep water from infiltrating 
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FIGURE 15 Cross-section showing wingwall and drainage 
detail. 

the fill beneath the approach slab and behind the abutment. 
Reducing the amount of water flowing beneath the approach 
slabs will also reduce the amount of erosion occurring. Proper 
maintenance of approach slab joints will decrease the amount 
of water that infiltrates behind the abutment (30). Runoff 
should be directed away from the end of the bridge and should 
not be allowed to infiltrate the subgrade (55). 

Chini et al. (33), Wahls (4), and Stark et a). (26) provide 
discussions about bridge approach drainage. Wahls suggests 
the use of gutters and paved ditches to direct surface water 
away from the bridge approach system. He also states that 
subsurface drains are needed only in the presence of impervi-
ous fill or natural soil. Chini et al. discuss the components of a 
subsurface drain. They include a 'drainage layer to direct the 
water away from the abutment and subsurface drainage pipe 
to collect the water from the drainage layer and send it to a 
collection point. Geotextile filters are also suggested to keep 
the pipes from becoming clogged. Both Chini et al. and Wahls 
mention the geocomposite drainage system, which is a pre-
fabricated subsurface drainage system. Figure 16 shows a 
geocomposite drain. Another publication giving details on this 
topic is the report by Holtz et al. (56). Note that these types of 
drainage systems must be designed for site-specific conditions 
and they must be able to withstand the earth pressure. 

Another technique for eliminating the erosion of the fill 
material is to wrap it with a geotextile to keep it from eroding 
(18). This also prevents the mixing of the fill material near the  

abutment with the embankment soil. South Dakota includes 
this method in their specifications for bridge end backfill. A 
thorough discussion on the use of geosynthetics can be found 
in FHWA-H1-95-038 (56). 

Embankments on sloping ground are susceptible to erosion 
resulting from seepage along the interface between the em-
bankment and the natural soil. This flow of water can weaken 
the interface and trigger sliding of the embankment. Benching 
is a procedure used in this situation because it slows the flow 
of water, thereby decreasing erosion. Benching may also re-
duce the lateral movement of new embankments on natural 
soil. The natural slope is cut into a series of steps as seen in 
Figure 17 (4, 17). This technique also prevents failure at the 
interface between the embankment and the natural soil. Con-
crete slope facing also drastically reduces slope erosion (26). 
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FIGURE 17 Benching to prevent sliding (after 17). 
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CHAFFER FOUR 

CURRENT PRACTICE 

Current views about the causes of bumps at the end of a 
bridge and the practices used to address the problem are re-
viewed in this chapter. These views are based on discussions 
with DOT engineers and on survey responses received from 
state departments of transportation across the country. Sev-
enty-two survey responses were received from 48 states (Table 
4). This very high response rate shows that the problem is of 
concern to nearly all states. The questionnaire is presented in 
Appendix A and the survey results are summarized in Ap-
pendix B. 

- 

- 

- 

TABLE 4 

STATES RESPONDING TO THE NATIONAL SURVEY 

1. Alabama 25. Nebraska 
2. Alaska 26. Nevada 
3. Arizona 27. New Hampshire 
4. California 28. New Jersey 
5. Colorado 29. New Mexico 
6. Connecticut 30. New York 
7. Delaware 31. North Carolina 
8. District of Columbia 32. North Dakota 
9. Florida 33. Ohio 

10. Georgia 34. Oklahoma 
11. Hawaii 35. Oregon 
12. flhinois 36. Pennsylvania 
13. Indiana 37. Rhode Island 
14. Iowa 38. South Carolina 
15. Kansas 39. South Dakota 
16. Louisiana 40. Tennessee 
17. Maine 41. Texas 
18. Maryland 42. Utah 
19. Massachusetts 43. Vermont 
20. Michigan 44. Virginia 
21. Minnesota 45. Washington 
22. Mississippi 46. West Virginia 
23. Missouri 47. Wisconsin 
24. Montana 48. Wyoming 

Approximately 25 percent of the nation's 600,000 bridges 
(about 150,000 bridges) develop a noticeable bump. Estimat-
ing the cost of repairing the bump at the end of the bridge is 
very difficult. One way is to recall the numbers obtained by 
Schaefer and Koch (18) in their 1992 study: mudjacking 
$1,800, asphalt overlay $670, new approach slab $12,000. An 
estimate of the average repair cost may therefore be $1,000 per 
bridge end or $2,000 for the bridge. If such a repair occurs 
once every 3 years, then the cost per year per bridge with a 
bump is $667/year/bridge. A yearly national repair cost esti-
mate is 600,000 x 0.25 x 667, or $100 million/year. Another 
way to obtain an estimate is to use the average yearly cost of 
repair obtained from the 30 states that responded to question r3 
of the questionnaire (Appendix A). This average, based on a 
range of costs from $2/year/bridge affected to $2,626/year/bridge  

affected, is $398/year/bridge which leads to a national cost of 
$60 million/year. Some states (such as Colorado and Wyo-
ming) have made a more detailed evaluation of this average 
cost and have quoted $1,250 and $1,600/year/bridge. The use 
of such numbers leads to a national yearly cost equal to $187.5 
million. Therefore, a number of $100 million/year may be a 
reasonable lower bound of the cost of repairing the bump 
problem every year in the nation. 

The cost of maintenance and repair is only one factor. Some 
state DOTs consider the public's perception of the bump at the 
end of the bridge to be quite a problem. Also, the intangible 
factor of safety benefits for drivers, snowplows, and mainte-
nance 

ainte
nance activities must be considered when evaluating the 
magnitude of the problem. 

The consensus across the departments of transportation ap-
pears to be that the bump is not a major problem, but is a nui-
sance that bears a significant cost, that requires regular main-
tenance, and for which a better solution would be welcome. 
Some cases are acknowledged to be serious and require more 
than just routine maintenance. The problem also occurs more 
frequently on older bridges. This is probably because newer 
bridges have improved drainage systems and approach slabs, 
while older bridges have had time for settlement of the fill and 
natural soil to occur and have been subjected to more traffic. 

The following three sections describe factors associated 
with bump formation. The first section, Condition Factors, 
covers the factors associated with the components and mate-
rials involved as well as their behavior. The second section, 
Operational Factors, covers the factors associated with detec-
tion and maintenance of the bump. The third section, Design 
and Procedural Factors, covers the factors associated with de-
sign and construction. 

CONDITION FACTORS 

Of the many factors that can contribute to bump formation, 
the most common are compression of the fill, settlement of the 
natural soil under the fill, poor construction practices, poor 
drainage, poor fill material, and loss of fill material by erosion. 
These can be seen in Figure 2. The least common factors are 
the bridge type, having too rigid a bridge foundation, and set-
tlement under the abutment. Table 5 lists these factors in order 
of importance based on the responses to the questionnaire. 

Approach fill settlement refers to compression of the fill it-
self. It is one of the most common factors contributing to 
bump formation and is usually the result of poor compaction. 
Some states have an option between two compaction levels, 
ordinary compaction and controlled compaction. Examples of 
specifications are presented in Appendix D. Inadequate com-
paction can be caused by compacting the soil in lifts (Table 3) 



TABLE 5 

FACTORS CONTRIBUTING TO THE FORMATION OF THE BUMP RANKED IN ORDER OF 
IMPORTANCE BASED ON SURVEY RESULTS (48 states responded) 

Ranking 	 Topic 

Compression of the fill material 

	

2 	Settlement of the natural soil under the embankment fill 

	

2 	Poor construction practices 

	

4 	Others: ice lenses, freeze-thaw cycle, earthquake, changing moisture 
conditions, scour, high traffic load hits, frozen joints, poor design, 
lateral movement of fill 

	

5 	 Poor drainage 

	

6 	Loss of fill by erosion 

	

6 	Poor fill material 

	

8 	Poor joints 

	

9 	Differential settlement between bridge and fill 

	

10 	Lateral movement of the bridge abutment 

	

10 	Temperature cycles 

	

10 	Pavement growth 

	

10 	Abutment type 

	

14 	Settlement of the natural soil under the bridge abutment 

	

14 	Poor construction specifications 

	

16 	A too rigid bridge foundation relative to the approach 

	

17 	Bridge type 
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that are too thick, or by not compacting the soil to a high 
density. When a high compaction density is not achieved, the 
embankment soil has a higher void ratio. This void ratio is 
likely to decrease due to traffic-induced vibrations: this creates 
compression of the fill. Long-term settlement is also possible; 
however, soils prone to long-term settlement, such as soft clay, 
typically should not be used for approach fill material. The 
above factors seem to become worse when the height of the 
embankment fill increases. 

Poor fill material can be a contributing factor to the forma-
tion of the bump. Fill material that contains a significant per-
centage of clay particles is prone to time-dependent settlement. 
Clays with high plasticity can also heave when they experi-
ence moisture increases. Suitable fill material is granular in 
nature (sand and gravel) with a low clay and silt content for 
easier compaction. An example of acceptable fill is a soil with 
a liquid limit less than 45 percent, a plasticity index less than 
15 percent, and a bar linear shrinkage more than 2 percent 
(Appendix D). Approach fill is also discussed in previous 
sections in chapters 2 and 3 of this synthesis. 

Voids forming beneath the approach pavement have several 
causes; loss of fill material by erosion is one of them. This 
situation may go unnoticed until damage to the bridge ap-
proach is severe. The formation of this void can result in 
movement of the approach pavement, causing a bump, or dis-
tress of the approach slab due to insufficient support. Erosion 
of the fill material is caused by inadequate drainage at bridge 
approaches and runoff draining into the approach fill behind 
the abutment. Silts and fme sands are the most erodible types 
of soils (Figure 18). 

Poor provisions for drainage, which causes fill erosion, and 
increased hydrostatic pressures on the abutment can result in 
damage to the bridge approach. Since erosion creates a void 
behind the abutment, increased lateral pressures due to water 
can push the abutment toward the bridge structure, allowing, 
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FIGURE 18 Example of range of most erodible soils. 

in some extreme cases, the approach pavement to fall off the 
abutment. Water collects behind the abutment when impervi-
ous natural soils do not allow it to drain away. An associated 
problem in cold weather is ice lensing. Ice occupies 10 percent 
more volume than the same mass of water and generates 
heave and lateral deformation. 

Several drainage systems were discussed in chapter 3. Im-
proved systems are used in current practice to successfully 
minimize the erosion problem and the resulting bump. Ap-
pendix E shows drainage system details. 

The settlement of the natural soil under the approach fill 
plays a major role in bump formation. Of course, the higher 
the embankment fill, the larger the amount of settlement of 
the natural soil. If the natural soil beneath the bridge ap-
proach is clay (especially a soft clay), it is likely to experience 
time-dependent settlement due to the load of the embankment 
fill. This problem can be avoided by considering this settle-
ment during design. The approach embankment designer and 
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the bridge foundation designer should consult frequently with 
each other about the connection of the bridge to the bridge ap-
proach, comparing information about the expected settlement 
of the bridge and the expected settlement of the approach. If 
these two expected settlements are not nearly equal, a bump 
will form. Hopkins (57, 58) reports on case history studies of 
settlement of bridge approach embankments and compares 
measured settlements and predicted settlements. Schwider 
(59) studied the problem of estimating stresses and move-
ments at a few bridges in Oklahoma. Figure 19 shows the 
difference in stress imposed by an abutment and an embank-
ment. Note that the critical settlement occurs after the abut-
ment is in place and the pavement is placed. This begins at 
time to  in Figure 20. Part of this settlement is due to vibration 
and stresses from traffic loading. However, no method exists at 
present to predict traffic-induced soil settlement. 

EMBANKMENT 
Foundation Contact Pressures: 

h=6.lm, w=61m, q=125 kPa 
h=12.2m, w=85m. q=250 kPa 

Oro 

Techniques for reducing post-construction settlement of the 
natural soil are found in chapter 3. 

Settlement of the natural soil under the bridge abutment is 
part of the problem, regardless of whether the bridge abutment 
is on piles or on spread footings. Many bridge engineers seem 
to consider this small settlement to be negligible. For this rea-
son, this settlement is not calculated very often; yet it is essen-
tial to have an idea of its magnitude to compare it to the set-
tlement of the top of the embankment. 

A rigid bridge foundation can also be a contributor to the 
problem. A rigid foundation does not allow the bridge to set-
tle, but the approach may settle a considerable amount. This 
results in a bump. A rigid bridge foundation is sometimes 
necessary when bridge spans are continuous and when proper 
clearance below the bridge is required. Under these circum-
stances, mitigation of the approach settlement is needed to 
minimize bump occurrence. Many engineers consider deep 
foundations necessary to offset scour potential. 

Differential settlement between the bridge and the fill is 
another way of describing the bump at the end of the bridge 
(Figure 20); however, it has not been ranked as one of the 
most common causes. Differential settlement is similar to the 
problem of the rigid bridge foundation. Bridge settlement is 
typically very slight, the approach settlement is usually greater, 
and a bump occurs because of the difference in elevation. 

If an approach slab is used and is designed to handle full 
traffic in free span between point A and point C on Figure 21, 
Wahls (4) and Stark et al. (26) have suggested that a slope of 
1/200 is an allowable criterion. Figure 21 is an interpretation 
of this criterion. Note in Figure 21 that the criterion allows the 
required length of the approach slab to be determined as 

Lreg  2! 200 (s - S5). 

Poor construction specifications result in inadequate fill 
compaction and undesirable fill material, both of which con-
tribute to settlement of the fill material. Use of appropriate 
specifications could minimize these problems (60). Poor con-
struction practices are ranked as one of the most common 
causes of bump formation. Proper specifications need to be 
included and enforced. Typically, poor specifications are found 
in types of fill material, lift thicknesses, and compaction den-
sities. Examples of compaction specifications used by several 
states are given in Table 3 and Appendix D. Several engineers 
state how difficult and expensive it is to enforce high-quality 
specifications. Often, inspectors do not have geotechnical 
knowledge and therefore do not know what to look for. 

Lateral movement of the bridge abutment may directly 
contribute to the formation of the bump. It can cause serious 
damage to the bridge structure and/or the approach slab. Fig-
ure 22 shows lateral abutment movement. As previously men-
tioned, lateral movement can be caused by the collection of 
water behind the abutment. It can also be a result of lateral 
soil pressures and temperature fluctuations. 

Bridge type seems to be the least common direct cause of 
the bump at the end of the bridge. The abutment type, how-
ever, plays a more significant role. The spill-through abutment 
type, described in chapter 2, allows fill material to wash out 
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Abutment 	Abutment 
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FIGURE 22 Lateral movement of the abutment. 

from below the abutment. Integral abutments experience 
thermal contraction and expansion in the longitudinal direc-
tion. These movements compact the fill material behind the 
abutment and create a void space. Though integral bridges 
have several advantages, many engineers responding to the 
survey believe the problem of the bump to be worse with inte-
gral abutments. One solution may be to use spill-through inte-
gral abutments. 

The next three factors relate to pavement. They are pave-
ment 

ave
ment growth, poor joints, and temperature cycles. Temperature 
cycles can cause temporary elongation and permanent growth 
of pavement. When a rigid pavement expands and then con-
tracts, it does not come back to its original position. There is a 
residual movement because the expansion is not completely 
elastic (Figure 23). Pavement growth results from the plastic 
strain that accumulates over the temperature cycles. Joints that 
are allowed to fill with debris cannot close when thepavement 
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FIGURE 23 Pavement growth. 

expands from high temperatures. This can cause buckling of 
the approach pavement or damage to the backwall, either of 
which can result in a bump. 

Conditions causing bump formation (ranked according to 
survey results) are presented in Table 6. Table 7 ranks con-
struction methods that minimize bump occurrence. 

OPERATIONAL FACTORS 

Many agencies inspect their bridge inventory every 2 years 
(informal maintenance inspections occur more frequently). 
During these inspections, problems such as the bump will be 
noticed and scheduled for maintenance. The two most com-
mon methods of detection are visual inspection and subjective 

TABLE 6 

CASES WHEN THE BUMP IS WORSE IN DECREASING ORDER OF NUMBER OF TIMES MENTIONED IN THE 
SURVEY RESULTS (48 states responded) 

Ranking 	 Type 	 Number of Times 
Mentioned 

Fill on soft compressible deposit or organic soil 13 
2 Bridges with no approach slabs or too short approach slab 8 
3 Poor fill material 7 
4 Bad drainage 5 
4 Severe erosion 5 
4 Poor joint designiPoorly maintained joints 5 
4 High embankments (>10 m) 5 
4 Compressible fill 5 
9 Heavy truck traffic 4 
9 Abutment on deep foundations 4 

11 Flexible pavements 3 
11 Integral abutments with thermal cycles 3 
13 Poor compaction 2 
13 Steep approach gradients 2 
13 Poor construction practice 2 
16 Collapsible soils 
16 Spill through abutments 
16 Lack of soil investigation 
16 Earthquakes 
16 	- No effort to match settlements of bridge and road 



TABLE 7 
CASES WHEN THE BUMP IS MINIMIZED ACCORDING TO THE SURVEY (48 states responded) 

Ranking Type Number of Times 
Mentioned 

1 Abutment and embankment on strong soil 11 
Approach slab (long enough and strong enough) 11 

3 Well compacted fills or stabilized fills 8 
4 Good fill material (well graded) 6 
5 Good drainage 5 
5 Low emhankments (<3 m) 5 
7 Good construction practice and inspection 4 
7 Adequate time period between fill placement and paving 4 
9 Low truck traffic 3 

10 Deep abutment walls that completely retain the fill 2 
11 Carefully designed joints, kept clean 
11 Water tight seals 
11 Sleeper slab 
11 Rigid pavement 
11 Eliminate joint, continuous bridge 
11 Expansion-contraction provided for 
11 No lateral movement of abutment 
11 Proper site investigation and geotechmcal analysis 
11 Bridge at crest of a veitical curve 
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rideability. Other methods used are subjective rideability, 
quantitative rideability, public complaints, and non-destructive 
testing (NDT). 

Subjective rideability involves determining the ride quality 
onto and off the bridge. Inspectors driving across the bridges 
note whether a bump exists and how uncomfortable or dan-
gerous it is. If the bump has unsatisfactory rideability or is a 
safety hazard, the bump will be repaired. Public complaints 
will also instigate bump repair, however, the repair is subject 
to funding and manpower constraints. 

Non-destructive testing is rarely used to detect the problem 
of the bump. It is sometimes used to detect voids under the 
approach slab (some NDT methods are ground penetrating ra-
dar, ultrasonic testing, acoustic emission, and dye penetrant). 
Northern states can count on feedback from snowplow opera-
tors to determine when a bump needs to be fixed. 

It is easier to choose an effective repair method when the 
exact cause of bump formation on a particular bridge is 
known; however in practice, it is rarely sought. If a bridge ap- 
proach settled considerably more than others of the same type, 
it would be considered unusual enough to warrant an investi- 
gation. However, if the settlement is in line with all the other 
bridges, it will receive only routine maintenance. An exception 
to this is reported by Ardani (61) of the Colorado DOT. The 
report presents results of field and laboratory tests performed 
on 20 bridge approaches in Colorado to identify factors con-
tributing to bump formation. Ardani concludes that the pri- 
mary factors are: settlement of the natural soil and of the em-
bankment, poor compaction of the embankment backfill, poor 
drainage, and erosion of the soil at the abutment face. 

The current methods for repairing the bump at the end of 
the bridge (Table 8) include asphalt concrete (AC) leveling, mud- 
jacking, drainage improvements, improving the properties of 
the fill, improving the properties of the natural soil under the 
fill, changing the joint, retrofitting the bridge with an approach 

TABLE 8 
MOST COMMON REPAIR METHOD IN DECREASING 
ORDER OF USE ACCORDING TO THE SURVEY 
(48 states responded) 

Ranking 	 Method 

Leveling with asphalt cement concrete 
2 Mudjacking 
3 Remove and replace approach slab 
4 Improve drainage 
4 Retrofit approach slab 
6 Change joint 
7 Improve the backfill 
8 Improve the natural soil 

slab, or removing and replacing the approach slab. Portland 
cement concrete is rarely used to repair a bump (62). The 
method most frequently used is AC leveling. This involves 
building up and smoothing the bump with AC mix, using hot 
or cold materials. Mudjacking, drainage improvements, and 
retrofitting with approach slabs are also used to repair the 
bump. Mudjacking raises the approach pavement and/or fills 
voids beneath the approach pavement through the injection of 
flowable grout. Schaefer and Koch (18) point out that this is 
only a temporary measure and that void development will 
continue under approach slabs that have been mudjacked until 
such time as the system reaches an equilibrium with the cyclic 
movement. Drainage improvements will reduce erosion of the 
fill material and lateral pressures on the abutment from water 
collected behind it. The use of approach slabs is relatively re-
cent; therefore, older bridges tend not to have them. Many en-
gineers believe that an approach slab greatly minimizes bump 
occurrence. For this reason, old bridges are sometimes retrofit-
ted with approach slabs. 

Improving the properties of the fill material and the natural 
soil under the fill is a seldom-used repair method; it is better 
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employed as a preventative measure before construction. In-
jection methods, however, can be used to fill gaps and strengthen 
the soil in place. The fillers used are grout cement or foam, 
such as a high-density polyurethane. Georgia and Oklahoma 
have experimented with this foam injection technique. 

From the point of view of cost, Schaefer and Koch (18) 
give the following numbers in 1992 dollars: mudjacking—
$1,800; asphalt overlay—$670; new approach slab—$ 12,000. 

- 

DESIGN AND PROCEDURAL FACTORS 

At the design stage, current practice has shown that the 
following measures can decrease the magnitude and frequency 
of the bump problem: 

specifying better backfill 
using more rigorous compaction specifications 
allowing for more settlement under the bridge 
abutment 
placing the bridge abutment on spread footings 
designing the bridge abutment and approach fill so 
they settle by approximately the same amount 
improving cooperation between the roadway design 
and bridge foundation engineers 
using a properly designed approach slab 
improving drainage at the bridge end 
designing better joints 
calculating and allowing for pavement growth. 

The most effective design considerations in current practice 
are specifying better backfill, using more rigorous compaction 
specifications, using a properly designed approach slab, and 
providing for drainage (Table 9). Most engineers believe that 
allowing for more settlement under the abutment, placing the 
abutment on spread footings, and designing the abutment and 
approach fill so they settle approximately the same amount are 

TABLE 9 

PROCEDURES TO REDUCE THE BUMP AT THE END OF THE 
BRIDGE ACCORDING TO THE SURVEY (48 states responded) 

Ranking Procedure 

1 Specify better backfill 
Use more rigorous compaction specifications 
Use a properly designed approach slab 

4 Improve drainage provisions 
5 Better cooperation between geotechnical and 

structural engineer 
6 Design better joints 
7 Allow for pavement growth 
8 Allow more settlement under bridge abutment 
9 Place abutment on spread footings 

10 Design bridge and embankment to have same 
settlement 

Others Better consolidation tests reliability 
Feedback from construction and maintenance 
Full-time inspection of contractor's work 
Complete settlement analysis for all bridges 
Recognize problem soils 

not very important design considerations. This does not mean 
that they may not function well. Vermont has successfully 
used abutments on spread footings in the fill material (see 
chapter 2). 

A proper site investigation prior to bridge design will indi-
cate whether there will be a problem with settlement of the 
natural soil. If settlement is a problem, the use of lightweight 
fill for the approach embankment may be considered. Strict 
backfill specifications for the fill next to the abutment and be-
neath the approach slab should be enforced and controlled by 
inspection during construction (60). An example of compac-
tion specifications is given in Appendix D. Rigorous compac-
tion specifications should result in minimum post-construction 
settlement of the fill material. The lift thicknesses and relative 
compaction used by several states are shown in Table 3. An-
other backfill provision used in many states for the past 20 
years that increases the stability of the embankment is me-
chanically stabilized earth. MSE was mentioned and refer-
enced in chapters 2 and 3. 

Approach slabs are used extensively by many states 
(Figures 21 and 24). Several states install them on all bridges. 
They are usually 6 to 7 m long, 250 mm thick, and reinforced 
to be able to sustain the traffic load while spanning between 
the abutment and the sleeper slab or approach fill. Examples 
of approach slabs are shown in Appendix C. To improve 
drainage from an approach slab, the slab can be built as 
shown in Figure 15. Suggestions have also been made to tie 
reinforced concrete approach slabs to the abutment. However, 
this raises the question of where the expansion will occur. The 
most likely answer is at the roadway end of the panel. 

The approach taken by the Wyoming DOT appears Sound 
(63, 64). It consists of using fabric-reinforced soil (FRS) walls 
beneath each approach slab (Figure 25). Granular fill is placed 
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FIGURE 24 Purpose of an approach slab. 
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FIGURE 26 Implications of cooperation among civil 
engineering specialities in bridge design and construction. 

control can be achieved with improved compaction techniques 
and more thorough inspection. As stated earlier, many believe 
that the quality of construction inspection is poor. The use of a 
waiting period gives the fill and the natural soil time to settle 
before the final pavement is placed. This reduces the size of 
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FIGURE 25 Fabric reinforced soil wall as used by Wyoming DOT (after 64). 

TABLE 10 	 Improved Cooperation Leads to 
GEO1EXTILE SPECIFICATiONS FOR FRS WALLS (after 64) 	 Fewer Bumps 

Property Test Method Spec. Value 

Resistance to mildew and rot AATCC-30 100% 
Resistance to insects and rodents AATCC-24 100% 
Grab strength at 20% elongation ASTM D-1682 
Longitudinal Direction 2.22 kN 
Transverse Direction 2.22 kN 

Burst Strength ASTM D-3786 2068 kPa 
Trapezoid Tear Strength— 

Both Directions ASTM D-1117 0.4kN 
Equivalent Opening Size— 

maximum value CW 02215 0.3 mm 
Water Permeability, K Wilt) Test 0.005 cm/s 
Secant Modulus at 10% 

Elongation ASTM D-1682 4.45 kN 

in 0.5 rn-thick layers wrapped in a woven geotextile (Fable 
10). Price and Sherman (64) point out that the Wyoming DOT 
has not had to repair any of the bridges with the FRS walls for 
bump problems. They note that, in 1986, the Wyoming DOT 
spent $1,600 per year per bridge with end bumps (AC level-
ing) and that mudjacking has had limited success. Replacing 
an expansion joint damaged in large part by abutment rotation 
due to high lateral pressures costs approximately $25,000. The 
installed cost of the FRS wall was $6,000 per bridge end, 
compared to $3,200 for the conventional unreinforced em-
bankment. The $2,800 difference can be quickly paid for by 
reducing or eliminating the $1,600 maintenance cost and the 
$25,000 joint replacement cost. 

Construction stage measures that can minimize bump forma-
tion are better compaction control of the fill immediately be-
hind the abutment and enforcing a waiting period after the fill 
construction prior to placing the pavement. Better compaction 



1. Identify bump as a design issue and make its prevention a design goal. 

2. Make an engineer, responsible for this design issue. 

Ensure that teamwork will take place between the maintenance engineer, construction 
engineer, structural engineer, geotechnical engineer, and pavement engineer. 

Perform settlement calculations  to predict the differential settlement after final paving. 

Design of approach slab. 

Design joints that will allow for the expansion/contraction problem. 

7. Design drainage system and ensure that erosion will not be a problem. 

Develop and use proper specifications for fill material, compaction, 
drainage, and joint installation. 

9. Choose knowledgeable inspectors, in particular on geotechnical aspects. 

Final inspection: joints, grade specs., drainage. 

FIGURE 27 Flow chart to minimize bump from synthesis of practices. 
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the bump. Other techniques for minimizing this settlement are 
often used. Vertical drains are used in the natural soil to in-
crease the settlement rate. There are also in situ methods of 
improving the natural soil: stone columns, deep soil mixing, 
and embankment piles (see chapter 3). 

From a procedural or management perspective, the majority 
of state DO'ft believe that the problem could be minimized by 
promoting better cooperation among the geotechnical, structural, 
pavement, and construction engineers. The survey results demon-
strate this (Figure 26). One state commented that when their 
geotechnical group made recommendations, they were often re-
jected in an effort to save time. Even if cooperation exists among 
these groups, effective communication may not. Opportunities to 
improve communication, such as holding joint meetings and 
planning sessions, would bring each group's role in the overall  

success of the project into better focus. Figure 27 presents success-
ful state practices at each step in the process to minimize bumps. 

One engineer recommended performing a complete settle-
ment analysis at each highway bridge site. Since this would 
identify the locations that would eventually cause trouble, the 
problem could be handled at the design stage of the bridge ap-
proach system. The settlement analysis might show that the 
difference in settlement between the abutment and the em-
bankment would not be large (less than 50 mm), and that it 
would be more economical to routinely repair the bump with 
AC leveling. On the other hand, the settlement analysis would 
alert the engineers before construction to the expected differ-
ential settlement, which could result in damage to the bridge 
approach. The cost justification for a settlement analysis 
(saving later maintenance costs) is persuasive. 
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The bump at the end of the bridge problem affects about 25 
percent of the bridges in the United States. The estimated 
maintenance cost is at least $100 million per year nationwide, 
or approximately $667 per year per bridge affected. Many state 
DOTs consider this problem a nuisance that bears a significant 
cost, that requires regular maintenance, and for which a better 
solution would be welcome. 

The problem is quite complex and very little rigorous in-
formation exists. This synthesis identifies some major causes 
of bump development (as noted in Table 5). They are 1) set-
tlement of the top of the embankment greater than the abut-
ment due to settlement of the natural soil under the embank-
ment load and to the compression of the embankment fill, 
often because of insufficient compaction; 2) development of a 
void under the pavement due to erosion of the embankment fill 
brought about by poor drainage; 3) abutment displacement 
due to pavement growth, embankment slope instability, and 
influence of temperature cycles on integral abutments. 

Generally, the bump tends to be most severe when one or 
more of the following conditions exist: high embankment, 
abutment on piles, high average daily traffic, soft clay or soft 
silt natural soil, high intensity rainstorms, extremes in tem-
perature cycles, particularly with integral abutments, and steep 
approach gradient (Table 6). 

The bump tends to be minimized when several of the fol-
lowing conditions exist: abutment and embankment on strong 
soil, a long enough and strong enough approach slab, well-
compacted fills or stabilized fills, appropriate fill material, ef-
fective drainage, low embankments, good construction prac-
tice and inspection, and adequate waiting period between fill 
placement and paving (Table 7). 

Survey results and a review of the literature demonstrate 
that better cooperation among the geotechnical, structural, 
pavement, construction, and maintenance engineers can be 
correlated to lower reported incidences of bumps. A second 
finding is that bridges with abutments on spread footings have 
fewer bumps than bridges with abutments on deep founda-
tions. This may be expected since, in the case of spread foot-
ings, the combination of first span and abutment on spread 
footing plays a role similar to the combination of the approach 
slab and the sleeper slab. 

The use of approach slabs minimizes or eliminates the 
problem of the bump. Some states use them on all new bridges. 
They are usually 6 to 7 m long, 250 mm thick, and should be re-
inforced to carry the full design load in free span between the 
abutment and the sleeper slab or the approach embankment. 

Synthesis of discussions with DOT engineers and of the 
survey responses identified the following best current practice: 

1. Treat the bump problem as a stand-alone design issue 
and prevention as a design goal. 

Assign the responsibility of this design issue to an 
engineer. 
Stress teamwork and open-mindedness among the geo-
technical, structural, pavements, construction, and mainte-
nance engineers. 
Carry out proper settlement vs. time calculations. 
If differential settlement is excessive, design an approach 
slab. 
Provide for expansion/contraction between the structure 
and the approach roadway (fabric reinforcement, flow fill). 
Design a proper drainage and erosion protection system. 
Use and enforce proper specifications. 
Choose knowledgeable inspectors, especially for geotech-
nical aspects. 
Perform a joint inspection including joints, grade speci-
fications, and drainage. 

The best approach for the DOT engineer is one that strikes 
a balance between proper design, proper construction, and ac-
ceptable maintenance, while satisfying budget constraints and 
safety levels. While this synthesis of best current practice can 
improve the current Status of the bump at the end of the bridge, 
there will still be some bumps at the end of some bridges. 

The following are Suggested topics for further research. 

Evaluate the best current practice by scientific observa-
tion of case histories across the country. State DOTs could be 
invited to propose candidate sites, some with severe problems, 
some with successful performance, including fabric rein-
forcement and flow fills. Selected sites would be instrumented 
and studied in detail. The analysis would allow the prepara-
tion of an updated best current practice. 

Build scaled models that focus on the major factors for the 
bump under simulated traffic and controlled conditions. For 
example, settlement of the subsoil could be eliminated by building 
the model on a concrete floor, or eliminate erosion by mixing 
some cement with the backfill. Model tests could also be used to 
study the comparative effectiveness of repair alternatives. 

Perform a cost/benefit analysis of various solutions. 
This analysis could be done from the design-construction 
standpoint and from the repair standpoint. In both cases, real 
costs from DOTs would be collected and compared. 

Determine what is a tolerable bump. This would consist 
of establishing criteria for the approach slope that would be 
acceptable for cars and trucks. A slope of 1/200 appears safe; 
some say that 1/50 is acceptable. Factors to be considered in-
clude traffic speed and traffic volume. 

Establish the current national level of usage for spread 
footings versus piles. Many conflicting reports exist. Some say 
spread footings work well, decrease the bump, and save 
money; others say they settle more and provide little savings. 
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APPENDIX A 

Survey Questionnaire 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 	 NCHRP Project 20-5, Topic 26-10 

Project 20-5, Topic 26-10 
	 Agency: 

CONDITIONS INFORMATION: 
Settlement of Bridge Approaches 

(The Bump at the End of the Bridge) 

QUESTIONNAIRE 

Name of respondent. 
State DOT: 
Tule., 
Phone and FAX No. 's: 

GENERAL INFORMATION: 

How many bridges are there in your state?  

a.) Have you encountered the problem of the bump at the end of the bridge? 

DYES 	 DNO 

b.) If the answer to the above is YES, please estimate the percentage of bridges in your state that 
are affected by this condition: 

0 10% 	0 20% 	0 30% 	0 40% 	0 50% 	0 OTHER 

C.) If OTHER, please provide an estimate of the percentage: 	 %  

What are the common causes of the problem in your state? 

Please rank using: 1 = most common, 2 = frequent, 3 = seldom a factor, 4 = never a factor 

settlement of fill 
- loss of fill by erosion 
- poor fill material 
- poor drainage 
- settlement of natural soil under the fill 

settlement of natural soil under the bridge abutment 
- too rigid a bridge foundation 
- differential settlement between bridge and fill 
- poor construction specifications 

poor construction practices 
lateral movement of the bridge abutment 

- bridge type 
- abutment type 
- pavement growth 
- poor joints 
- temperature cycle 

OTHER If OTHER, please explain: 

In what cases does the problem appear to be worse? 	 PLEASE COMMENT: 

What is your estimate of the total maintenance cost per year in your state for this problem including 
both internal and contracted maintenance? 

Total Maintenance Cost (per year): S 	 7. 

Estimate of Percent Cost Internal  

Estimate of Percent Cost Contracted Maintenance 

Do you have any further comments on the extent of the problem in your state? 

In what cases does the problem appear to be minimized? 	PLEASE COMMENT: 



NCHRP Project 20-5, Topic 26-10 
Agency: 

Are there any organizational or procedural obstacles (impediments) which could be considered as 
contributing factors to the problem? 

0 YES 	0 NO; 	If YES, please explain below 

OPERATIONAL INFORMATION: 

What methods do you use to detect the problem and how often do you use those methods? 

Please use the following scale: 1 = often, 2 = sometimes, 3 = rarely, 4 = not at all 

- visual inspection 
- ridabiity (subjective) 
- ridabiity (quantitative) 
- public complaints 
- non-destructive tests (NDT), please explain the test(s) used: 

- OTHER; if OTHER, please explain: 

How and when do you decide to perform maintenance on a bridge with this problem? 

Does someone try to find the exact cause of the problem for a given bridge? 

0 YES 	0 NO 	Please comment:  

NCHRP Project 20-5, Topic 26-10 
Agency:  

What method do you use to repair the problem and how often do you use these methods? 

Please use the following scale: 1 = often, 2 = sometimes, 3 = rarely, 4 = not at all 

- leveling with Asphalt Cement Concrete (ACC) 
- mud jacking 
- drainage improvements 
- improve the properties of the fill 

improve the properties of the natural soil under the fill 
- change the joint 
- retrofit with an approach slab 
- remove and replace approach slab 
- OTHER, please explain below: 

PROCEDURAL INFORMATION: 

What can one do at the design stage to decrease the magnitude and frequency of the problem and how 
important is each recommendation? 

Please rank by using: 1 = most important, 2 = important, 3 = not very important, 4 = not used 

- specify better backfill 
- use more rigorous compaction specifications 
- allow for more settlement under the bridge abutment 
- place the bridge abutment on spread footings 
- design the bridge abutment and approach fill so they settle by approximately the same amount 
- better cooperation between the geotechnical and structural engineer 
- use a properly designed approach slab 
- improve drainage provisions 
- design better joints 
- calculate and allow for pavement growth 
- OTHER, please explain below: 



NCHRP Project 20-5, Topic 26-10 
	

NCHRP Project 20-5, Topic 26-10 
Agency: 	 Agency  

14. 	a.) What can be done at the construction stage to decrease the problem and how important is each 	1& 	What states lead the way when it comes to avoiding or solving this problem? 
recommendation? 

Please rank by using: 1 = most important, 2 = important, 3 = not very important, 4 = not used 

- better compaction control of the fill 
- waiting period after the fill construction prior to pacing the abutment 
- other unique or innovative methods to handle the problem 

b.) If you use other unique or innovative methods to handle the problem please explain below: 

C.) Would you be willing to share specifications or drawings pertaining to your solutions if requested? 

DYES 	ONO 

15. 	What can be done from a procedural or management perspective to minimize the problem? 

better cooperation between the geotechnical, structural, 	0 YES 	0 NO 
roadway, and/or construction engineer 

OTHER 	0 YES 	0 NO 	if YES please explain below: 

CONCLUDING INFORMATION: 

Has your agency performed or sponsored any research, development, or training efforts in this area? 

YES 	0 NO; 	if YES, please briefly describe these efforts and enclose copies of any 
available reports: 

17. 	What research do you feel would help in minimizing the problem? 

19. 	For purposes of cross-referencing responses between state DOTs please answer the following: 

Are you a? (please check one) 	 Years Experience 

structural engineer  
geotechnical engineer  
roadway design engineer  
construction engineer  

D maintenance engineer  
O bridge engineer  
D OTHER, please explain  

S...... ************ ****** 

THANK YOU FOR YOUR ASSISTANCE! 

Please send your response to: 

Professor J.-L. Briaud 
Department of Civil Engineering 
Texas A&M University 
College Station, TX 77843-3136 

If you have any questions, please call Professor Briaud on (409) 845-3795 or contact him on E-mail at 
BRIAUD@TAMU.EDU. If you would like to submit your questionnaire response by factimile, please do so 
on (409) 845-6554. 

We would appreciate your response by March 10, 1995 
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APPENDIX B 

Summary of Survey Responses 

States who responded to the national survey. 

1. Alabama 25. Nebraska 

2. Alaska 26. Nevada 

3. Arizona 27. New Hampshire 

4. California 28. New Jersey 

5. Colorado 29. New Mexico 

6. Connecticut 30. New York 

7. Delaware 31. North Carolina 

8. District of Columbia 32. North Dakota 

9. Florida 33. Ohio 

10. Georgia 34. Oklahoma 

11. Hawaii 35. Oregon 

12. Illinois 36. Pennsylvania 

13. Indiana 37. Rhode Island 

14. Iowa 38. South Carolina 

15. Kansas 39. South Dakota 

16. Louisiana 40. Tennessee 

17. Maine 41. Texas 

18. Maryland 42. Utah 

19. Massachusetts 43. Vermont 

20. Michigan 44. Virginia 

21. Minnesota 45. Washington 

22. Mississippi 46. West Virginia 

23. Missouri 47. Wisconsin 

24. Montana 48. Wyoming 



Respondent Details 

The following are responses 1 and 19, to qualify the experts sur'eyed. Respondents names have 
been removed. 

Agency 

AK DOT 
P.L DOT 
AR DOT 
CA DOT 
CA DOT 
CA DOT 
CO DOT 
CO DOT 
CO DOT 
CT DOT 
DC DPW 
NE DOT 
FL DOT 
GA DOT 
HI DOT 
IA DOT 

IL DOT 

IN DOT 

IN DOT 

KS DOT 

LA DOW 
LA DOW 
LA DOW 

LA TRC 
MA DOT 
HAND 
HAND 
MD DOT 

ME DOT 
MI DOT 

NM DOT 
MO NW 
MO NW 
MO NW 

MO HTD 

MS DOT 
MT DOT 
NC DOT 

ND DOT 
NE DOR 
NH DOT 
NJ DOT 
NM DOT 
NV DOT 
NY DOT 

OH DOT 

No. of 
Bridges 

844 
3449 
6481 
24000 

25000 

8000 
8000 
5113 
340 
1250 
6100 
14400 
1098 
3900 
5800 

18000 
5581 
5000 
14000 

13821 
5000 
2910 

4850 
3600 
4500 
20000 
23200 
24000 
23200 
6911 
5000 
4466 
13651 
5900 

15742 
2334 
6367 
3000 
1209 

20000 
41000 

Classification 	Years experience 

Bridge Engr. 	 20 
Main. Engr. Asst. 	32 
Bridge Engr. 	 26 
Maint. Engr. 	 5 

Pvmt. Mgmt. Engr. 
Research Engr. 	 17 
RW/Con/Br. Engr. 	 8 
Str. 45;Br 40 	 42 
St 20+;Main20+;Br20+ 	20 

Str. Engr. 	 25 
Str. Engr. 	 20 
Br/Br. Maint. 	 12 
RN/Con/Main. Engr. 	6 
Roadway Des. Engr. 	38 
Str. Engr. 	 21 
Geotech. Engr. 
COnstr. Engr. 	 30 
Geologist, Gt unit 	37 
Br. Engr. 
Geotech. Engr. 
Geotech. Engr. 	 14 

S12,G14,C6,M2,B13 
	

9 
Maint. Engr. 	 8 
Geotech. Enrg. 	 10 
Geot 35/Br 44 
	

39 
Br./Str./BMS Engr 	18 
Br. Engr. 	 10 
Br. Engr. 	 30 

Geotech Engr 4&11 
	

8 
Const. Engr. 	 30 
Maint. Engr. 	 18 
StGtConMaiBrOther 	10 
Br. Engr. 	 18 
Maint. Engr. 
Br. Engr. 	 1 
Maint 35;BrEn 12 
	

24 
Br. Engr. 	 17 
Br. Engr. 	 35 

Br. Engr. 	 20 
Geotech. Engr. 	 24 
Geotech/Br. Engr. 	25 

No. 	of 
Agency Bridges 

OK 
OK DOT 4138 
OK DOT 6700 
OK DOT 
OK DOT 22901 
OK DOT 
OK DOT 23000 
OK DOT 22300 
OK DOT 23000 
OR DOT 6500 
PN DOT '23000 
RI DOT 750 
SC DOT 9000 
SC DOT 7000 
SD DOT' 6394 
TN DOT 19000 
TX DOT 46000 
UT DOT 2224 
VA DOT 9000 
VA Dist 3200 
VA Dist 20000 
VT AOT 2352 
WA DOT 3000 
WA DOT 3000 
WI DOT 13166 
WV DOT 6200 
WV DOT 6200 
WV DOT 6200 
WY DOT 3000 

No. 	Avg. No. 
Responses Bridges 

75 	 10544 

Respondent Details (continued) 

Classification 	Years experience 

Engrg. Geologist 
	

30 
Maint. Engr. 	 8 
Br. Engr. 	 30 
Geotech. Engr. 	 22 
Br. Maint. Engr. 	 10 
Geotech. Engr (BrDiv 	3 
Br. Engr. (Asst.) 
	

3 
Const. Engr. 	 35 
Br. Engr. 	 25 
Str 35;Con 24;Br 30 
	

30 
Str. Engr. 	 20 
Br. Engr. 
Br. Engr. 	 21 
Con 19;Maint 23 
	

21 
Res. Engr. & 4 0th. 	23 
Str/Br. Engr. 	 30 

Str. Engr. 	 24 
Br. Engr. 	 21 
Br. Engr. 	 28 
Br. Engr. 	 35 
Maint. Engr. 	 38 
Geotech. Engr. 	 9 
Struct. Engr. 	 28 

Geotech. Engr. 
Br. Engr. 	 32 
Const. Engr. 
Gt En.19, BrEn 23 

Avg. Yrs. 
Experience 

21 

'C 



Estimated Costs 
The following are responses to questions 1, 2, and 3. 

Number of 	Percent No. Affected Est. Annual Annual Cost per 
Agency 	Bridges 	Affected Bridges 	Maint. Cost Affected Bridge 

AX DOT 844 50 422 .40,000 95 
AL DOT 3,449 75 2,587 0 
AR DOT 6,481 20 1,296 0 
CA DOT 24,000 4 960 25,000 26 
CA DOT 0 0 
CA DOT 25,000 20 5,000 1,068,000 214 
CO DOT 10 0 0 
CO DOT 8,000 70 5,600 11 500,000 268 
CO DOT 8,000 30 2,400 3,000,000 1,250 
CT DOT 5,113 20 1,023 75,000 73 
DC DPW 340 20 68 60,000 882 
DE DOT 1,250 10 125 0 
FL DOT 6,100. 10 610 800,000 1,311 
GA DOT 14,400 10 1,440 300,000 208 
HI DOT 1,098 10 110 55,000 501 
IA DOT 3,900 10 390 1,024,000 2,626 
IL DOT 5,800 . 	0 0 
IN DOT 18,000 40 7,200 50,000 7 

IN DOT 5,581 30 1,674 0 
KS DOT 5,000 50 2,500 100,000 40 
LA DOTD 14,000 0 0 
LADOTD 30 0 . 0 
LADOTD 50 0 0 
LA TRC .13,821 0 0 
MA DOT 5,000 30 1,500 0 
MA ND 2,910 10 291 0 
HAND 0 0 
MD DOT 4,850 30 1,455 1,500,000 1,031 
ME DOT 3,600 20 720 100,000 139 
MI DOT 4,500 50 2,250 0 
MN DOT 20,000 30 6,000 300,000 	. 50 
MO HTD 23,200 0 0 
MO HTD 24,000 30 7,200 . 	0 
MO HTD 23,200 0 0 
MO HTD 6,911 35 2,419 150,000 62 
MS DOT 5,000 30 1,500 0 
MT DOT 4,466 40 1,786 110,000 62 
NC DOT 13,651 10 1,365 200,000 147 
ND DOT 5,900 30 1,770 0 
NE 0DB 15,742 75 11,807 20,000 2 
MN DOT 2,334 40 934 100,000 107 
NJ DOT 6,367 10 637 200,000 314 

NM DOT 3,000 10 300 200,000 . 	667 

NV DOT 1,209 20 242 0 
NY DOT 20,000 10 2,000 50,000 25 

Estimated Costs (continued) 

Number of 	Percent No. Affected Est. Annual Annual Cost per 
Agency 	Bridges 	Affected Bridges - 	Maint. Cost Affected Bridge 

OH DOT 41,000 2 820 0 
OK 20 0 200,000 0 
OK DOT 4,138 30 1,241 500,000 403 
OK DOT 6,700 20 1,340 0 

OK DOT 40 0 0 
OK DOT 22,901 30 6,870 0 
OK DOT 0 0 
OK DOT 23,000 30 6,900 0 
OK DOT 22,300 30 6,690 0 

OK DOT 23,000. 70 16,100 0 
OR DOT 6,500 51 3,315 0 
PH DOT 23,000 20 4,600 0 
P.1 DOT 750 1 8 0 
SC DOT 9,000 30 2,700 100,000 37 

SC DOT 7,000 50 3,500 0 
SD DOT 6,394 20 1,279 25,000 20 

TN DOT 19,000 50 9,500 	. 300,000 32 
TX DOT 46,000 30 13,800 0 
UT DOT 2,224 20 445 50,000 112 
VA DOT 9,000 99 8,910 0 
VA Dist 3,200 20 640 250,000 391 

VA Dist . 20,000 1 200 0 
VT AOT 2,352 10 235 27,000 115 
WA DOT 3,000 40 1,200 0 
WA DOT 3,000 20 600 0 
WI DOT 13,166 30 3,950 0 
WV DOT 6,200 0 0 
WV DOT 6,200 0 0 
WV DOT 6,200 70 4,340 0 
WY DOT 3,000 50 1,500 2,400,000 1,600 

TOTAL 704,242 178,262 14,879,000 

25 398 



Most Common Causes (continued) 

SetL Loss Poor Poor SetL SetI Too Diff Poor Poor Lot. grid Abut PeTit Poor Temp 	Othr 
of of PiLl Oral undr undr Rigd Setl Con Con Move Type Type Grth Jts CycL 	COUS 
Fill Pill MacI nage PilL Abut foes Spec Prac sent 

1 1 2 2 1 3 2 3 1 2 3 3 3 3 3 
2 2 3 3 3 3 3 3 1 2 3 3 3 3 3 3 	2 
1 1 1 2 2 2 1 4 3 3 3 3 3 3 3 4 

1 2 2 3 3 3 3 2 2 3 3 3 2 2 
3 3 3 3 3 3 4 1 3 2 4 4 3 3 4 4 
1 2 2 3 2 6 4 1 2 2 3 4 4 3 3 3 
2 2 1 1 2 2 4 1 2 2 3 4 6 2 2 2 
2 2 2 2 1 3 1 1 3 2 2 4 1 -3 2 3 
1 3 3 3 2 3 3 1 2 1 3 2 2 2 2 2 
1 3 1 1 3 3 4 3 6 2 2 3 2 3 4 4 	2 
1 2 2 . 2 
1 3 3 1 1 3 6 3 3 2 4 3 6 2 
3 3 4 3 3 3 4 3 3 2 1 2 2 3 3 2 
1 2 2 2 1 1 4 . 2 3 2 3 4 3 4 3 3 
1 1 2 
1 1 3 1 4 4 3 3 3 3 3 3 2 3 4 4 
1 3 3 3 2 3 1 3 2 3 3 3 3 4 3 
2 2 2 2 2 3 3 3 3 3 3 3 2 3 2 3 
1 4 1 4 3 6 4 1 6 1 4 4 4 4 4 4 
1 2 3 3 1 4 1 4 2 2 3 3 2 6 2 4 
1 2 3 3 2 2 3 1 3 2 2 3 2 2 2 2 
2 3 3 3 3 3 4 1 3 3 3 4 3 3 3 4 
1 4 3 3 1 3 4 2 3 2 3 3 2 3 3 2 
1 3 3 3 1 3 2 1 4 3 3 4 4 3 4 4 

1 3 2 2 2 2 3 
1 2 3 2 3-3 3 2 3 2 2 2 2 3 2 3 

--------------------------------------------------------------------------------------- 

1.4 2.5 2.4 2.4 2.1 2.9 3.1 2.6 2.9 2.2 2.9 3.2 2.8 3.0 2.7 2.9 2.1 

Averages for each column 
(low values are most common; high values are least common) 

Most Common Causes 
The following are responses to the survey question 5, about the most common causes of the bump 
at the end of the bridge. 

SetL Loss Poor Poor SetI Setl Too Diff Poor Poor Lat. 2nd 	Abut Pest Poor Teop 	Othr 
of of Fill Drai undr undr Rigd Setl Con Con Move Type Type Grth Jts Cyct Caus 
Fill Fill NatI nage Fill Abut foun - Spec Prac emnt 

1 2 2 2 2 2 3 2 4 3 3 3 3 4 3 2 2 
1 2 2 2 3 3 3 3 3 2 3 3 2 2 1 2 
1 2 2 2 1 3 6 1 1 1 3 2 2 3 2 2 
1 2 2 
1 4 3 1 2 4 3 2 4 1 1 4 3 4 

1 3 2 3 3 3 3 3 4 1 4 3 3 4 4 '3 
2 2 2 2 2 2 2 2 2 2 2 3 3 2 2 2 2 
2 2 3 2 3 3 2 2 3 2 2 2 2 2 2 2 
1 3 4 3 2 2 1 2 4. 2 2 6 3 3 3 4 
1 3 2 2 3 2 4 3 3 2 4 2 3 2 3 3 
2 1 
2 4 2 4 2 3 3 4 4 2 4 4 4 4 1 3 
2 3 2 3 1 2 3 1 2 3 2 4 3 3 1 4 
1 3 3 3 1 1 4 1 4 3 3 3 2 3 2 3 

1 4 3 4 2 3 4 2 3 3 3 4 4 4 4 6 4 
2,3 3 32 3 3 1 3 2 3 2 2 2 3 3 
1 3 3 2 3 3 3 2 2 2 3 3 3 3 
1 1 1 1 1 3 
1 2 1 2 3 4 2 1 2 2 2 2 2 2 
2 2 2 2 1 4 3 1 2 2 2 3 3 2 2 2 

1 1 2 1 2 3 3 1 6 2 3 3 3 3 2 3 2 
1 1 2 2 3 4 3 1 '3 2 3 4 3 3 3 2 
2 2 2 2 2 2 
1 3 3 2 2 4 4 4 3 3 3 4 4 3 3 3 
1 3 6 3 4 4 1 1 2 1 3 3 3 3 3 2 
1 2 3 2 3 4 4 2 3 3 3 3 3 2 1 1 
3 2 3 4 2 3 4 1 4 3 2 3 3 3 2 4 2 
1 2 2 
2 3 3 3 1 3 3 2 4 3 3 3 3 3 3 3 
1 3 3 2 3 4 4 2 3 3 3 4 4 3 3 3 
1 3 3 3 3 3 3 2 3 2 4 4 3 3 2 3 
1 3 1 2 2 3 3 1 3 3 3 3 3 3 2 1 
2 3 2 3 2 2 4 3 2 2 3 4 3 3 2 2 
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Comments Related to Causes of Bumps 
The followinz comments are responses to questions no. 4, 5, 6, and 7 

Extent comments: Older bridges (built in 1950's or before) suffer more of this 
problem than our newer construction. 

Other cause explanation: Melting permafrost & ice lenses 
Worst cases: Spill thru abutments 
Minimized cases: Deep enough backwalls to prevent spill thru, well compacted fill 

behind the abutments & good drainage. 
Worst cases: Sandy fill material and leaking joints with non cohesive fill 

material 
Minimized cases: Select fill material with surface drainage away from bridge 

structure 
Other cause explanation: Approach slab configuration 
Worst cases: Deeper superstructures on high fills 
Minimized cases: Shallow superstructures on minimal fills 
Extent comments: Following major earthquakes, the frequency of this problem is 

greatly increased 
Other cause explanation: Settlement during earthquake 
Worst cases: The magnitude of settlement from earthquakes is the most severe, 

but erosion of the fill is a "hidden" problem until it has advanced. 
Minimized cases: Joints  
Extent comments: Some of the rough riding bridge approaches and departures are 

corrected as part of roadway rehabilitation projects. Most of the 
rehabilitated bridge approaches are part of a larger rehabilitation 
project which encompasses bridge approaches 

Worst cases: In cases of consolidation within approach embankment, poor 
compaction of backfill material due to restricted access of 
compaction equipment. Overall, poor embankment materials. 

Minimized cases: When approach slab is used, good structural backfill material and 
when bridge abutments & wings are keyed into the approach fill to 
prevent erosion of the fill under the abutment. 

Extent comments: The problem extend varies from slight to extreme. Moderate to 
extreme cases cause snow plow damage. Colorado spent $250,000 
in 1994 for flow fill (a poured, cement treated granular backfill) at 
new bridge abutments to mitigate these probl 

Other cause explanation: Frost heave. There are some instances of approach pavement and 
approach slabs moving from probable frost heave and/or soil 
swelling. 

Worst cases: 	 Concrete approach pavements on higher fills. 
Minimized cases: 	Asphalt approach pavements on no fill or low fill of coarse 

granular material on coarse granular natural ground (Mountain 
areas). Most box culverts. 

Extent comments: 	The 3.OM estimates approx 1% of the maint. budget for structures 
and 1/3 that for joint repair and bump at end of bridge 
problems--no records of actual costs are available in the precise 
detail requested. 

Worst cases: Differential settlement between bridge and fill and there seems to 
be underlying materials subject to consolidation with minimal 
investigation of this feature. 

Worst cases: Settlement of fill 
Minimized cases: On rock--in a cut 
Extent comments: No 
Worst cases: Fill on organic deposit at approach slab 
Minimized cases: In areas where proper drainage is naturally occurring. 
Extent comments: No. 
Worst cases: Heavy Truck Traffic 
Minimized cases: Low Truck Traffic 
Worst cases: Poorly maintained joints and poor fill material 
Minimized cases: Good construction practices when placing fill. 
Worst cases: Settlement of natural soil under the fill. 
Extent comments: West and East borders of state: major river bridges on Missouri 

and Mississippi Rivers 
Worst cases: Approach fill not allowed time to settle. 
Minimized cases: PCC paved approach with special double reinforced panels, 

dowelled pavement joints, drilled bentonite treatment, special 
drainage system, and subbase w/geogrid 

Extent comments: This is a common problem but it is usually a minor problem. 
Worst cases: High embankments and heavy truck traffic 
Minimized cases: Low embankments and light truck traffic 
Extent comments: *(Co Jl ent on percentage) "Almost all of the strs exhibiting this 

problem are over 10 yrs" 
Worst cases: Poor approach soils 
Minimized cases: Replacement structures where fills have been stabilized. 
Extent comments: Most approach slabs in Louisiana range between 20 to 40 feet 

long--In projects where we placed pile supported approach slabs 
with draduating pile length we do not seem to have any better 
results with the bump issue. 

Worst cases: 	 (I) Shorter approach slabs 
Minimized cases: 	When natural soil is strong & when we have a sleep slab 

constructed at the joint between the approach slab and the 
pavement. 

Extent comments: 	Varies from bridges that are not yet open to traffic to old timers. 
Other cause explanation: 	The overall problem is changing moisture conditions within the 

approach embankment. Fix that and no more problem 
Worst cases: 	 Use of heavy clay as an approach, overcompaction of the heavy 

clay, no moisture control within the embankment, (Lime treatment, 
sealing the exterior walls, directing bridge runoff away from soil 
embankment (approach)). 

Worst cases: 	 The delta region of Louisiana is abundant with normally 
consolidated, high organic natural soils. More time is spent 
designing for subsurface settlement than was done 10-15 years ago. 



Minimized cases: Many of the causes mentioned in question 5 have been addressed 
in new designs and specifications. 

Other cause explanation: Moisture cycles 
Worst cases: a. Long-term settlement due to normally consolidated soils, 

regardless of fill type. b. Erosion due to lack of drainage behind 
the abutments, when low P1 fills are used. c. Nearly all MDOT 
bridges are constructed on pile foundations and do not settle. 

Minimized cases: a. When well-compacted cohesive fills (l0<=PI<=20) are placed 
on incompressible natural soils. b. Bridge ends fills constructed on 
good base soils with good fill material with proper compaction and 
adequate drainage. 

Extent comments: Costs are difficult if not impossible to estimate. Overlays of Bit. 
Conc. approach are usually done with resurfacing contracts, bridge 
betterments (which address other difficencies (sic), & pot-hole 
patching. 

Other cause explanation: Respondent noted with respect to responses above 
Worst cases: Older bridges withoud approach slabs, possibly with poor backfill 

material and/or poor drainage 
Minimized cases: Approach slabs reduce the occurence... 
Worst cases: Where no approach slab is provided and where erosion (by either 

rain or river) is starting also. 
Minimized cases: Probably good slab and transition construction. 
Extent comments: [Respondent estimated total maintenance costs to be 11-2 

Million"; $1.5 is used here] 
Worst cases: Roadway section for approaches are composed of flexible 

pavement section 
Minimized cases: Roadway section for approaches are composed of rigid pavement 

section 
Worst cases: Poor compaction of backfill granular material and/or no approach 

slab. 
Minimized cases: Proper compaction, use of buried approach slabs, or use of buried 

structures. 
Extent comments: Michigan FHWA is pushing for ride quailty (sic) spec in 

Departments construction contracts. 
Other cause explanation: Frozen Pin & Hanger; scour; deck cracking; high load hits; tilted 

rockers buckled beam ends due to corrosion; abutment spalls due 
to frozen joints. 

Worst cases: Leaking joints causing deterioration of steel and concrete. 
Minimized cases: Eliminating the joint by making bridge continious (sic). 
Extent comments: The 'bump" is not major in most cases and may not require any 

action other than routine maintenance. 
Other cause explanation: Frost heave in approach 
Worst cases: Areas of poor natural soils under approach 
Minimized cases: Concrete approach panel plus special granual (sic) treatment under 

panel 
Worst cases: Soft foundation soils under bridge approaches 

Minimized cases: Good foundations soils, little or no fill, or an adequate delay 
between fill placement on bridge approaches and paving. 

Extent comments: *% not known, high percentage probably 
Other cause explanation: The design of our backwalls on abutments have a slab haunch for 

the approach pavement to set (sic) on. These haunches have 
broken off. This design is now changed. 

Worst cases: There was more of a problem with asphalt approaches to the 
bridge. 

Minimized cases: Our current design of providing a concrete approach slab has 
reduced the problem by bridging the worst settlement area. 

Worst cases: High Traffic 
Minimized cases: Low Traffic 
Extent comments: (note--cited costs are for"mudjacking only, other costs are not 

identifiable") 
Worst cases: When little effort is made matching the profile grade of the 

pavement and the bridge. 
Minimized cases: When proper compaction behind the abutment is achieved. Good 

profile grade set by contractors. 
Extent comments: Problems less on newer structures due to drainage improvements at 

ends of bridges. 
Worst cases: Settlement of natural soil under the fill 
Minimized cases: Use of surcharges and wick drains 
Extent comments: ND DOT does not maintain cost record to this detail. 
Worst cases: Tall abutments and abutments on piles 
Minimized cases: Buried structures (Concrete frames, culverts and arches) 
Extent comments: Not a serious problem overall. 
Worst cases: Settlement of the fill despite good construction specifications 

seems to take place over a period of time 
Minimized cases: (word not clear) good drainage, settlement seems to be minimal. 

Except a very few cases where the settlement was caused by loss of 
material due to embankment scour--Poor drainage or spill-through 
abutments. 

Worst cases: The problem appears to be worse when approach fills exceed 20' 
Minimized cases: There is less likelihood of a problem developing when approach 

fills are shallow and natural soil has no tendancy to consolidate. 
Extent comments: Percentage accomplished by internal and contract is unknown, this 

maintenance is not broken out. 
Worst cases: Poor details which allow deck drainage to flow into joints 

constructed to break bond. Example: Joint to separate approach 
slab from wingwall. Asphalt impregnated fiber board is usually 
used. 

Minimized cases: Where the select borrow approach fill has been placed correctly 
and the approach slab is located above the wingwalls instead of 
along side. This means no joint for water to enter. 

Extent comments: It is considered an annoyance to a quality ride, but not a great cost. 
to maintenance operations. 



Other cause explanation: 	Most cases are either settlement or foundation soils under approach 
or problems compacting backfill in confined areas behind 
abutment. 

Worst cases: 	 Abutments supported on deep foundations: abutments dont settle, 
some long term consolidation of foundation soils under approach. 

Minimized cases: 	At sites where embankment construction & final paving were 
separated by a lot of time. 

Worst cases: Poor construction practices 
Minimized cases: Good compaction 
Extent comments: For "How many bridges are there in your state?" respondent 

answers 'Too many". 
Other cause explanation: By "Too rigid a bridge foundation' respondent has pencilled 

"?--We design for 0.0 settlement here 
Worst cases: E. Okia where soils collapse, silty sands, high water tables 
Minimized cases: W. Okia sands, gravels, thin soils, & alluvium, low embankments 
Other cause explanation: Poor design 
Extent comments: It is severe on some bridges 
Worst cases: 	 High fills 35-40' over poor natural soils. 
Minimized cases: 	Small fills <15 high 
Other cause explanation: 	Respondent has rank ordered these items from Ito 16. Data 

disregarded, except for number I. 
Worst cases: 	 Case No. 4,1,2,3,5 (respondent is apparently referring to above 

causes) 
Minimized cases: Cases 11,12,13,15 
Worst cases: Poor construction practices through compactions behind bridge 

abutment difficulties. (sic) 
Extent comments: No 
Worst cases: Settlement of the natural soil under the fill requiring overlays every 

year or loss of fill by erosion forming huge voids. 
Minimized cases: When the approach slab is long, reinforced and hinged at the 

abutment. 
Worst cases: Large fills 
Minimized cases: 	Few cases 
Extent comments: Causes of the bump at bridge ends are: fill settlement, subsurface 

settlement, compaction from thermal cycling of deep integral 
abutments, approach slabs tied to the bridge without provision for 
expansion, poor or no expansion joints and p 

Worst cases: With integral abutments where thermal cycles compact the backfill 
Minimized cases: When expansion/contraction is provided for and the end fills are 

not compacted by structure movement 
Extent comments: 99% of approach slabs placed as part of construction project 

(bridge rehab/replacement or pavement) 
Other cause explanation: Poor grade control 
Worst cases: Gravity abutment with flexible pavement 
Minimized cases: PDT Standard R.C. Approach Slab (16" thick) on open-graded 

sub-base and granular backfill 
Extent comments: 	No 
Worst cases: 	 Bridges with no approach slabs and bridges with pavement crack 

or unsealed joint at bridge end 
Minimized cases: . 	NA  
Extent comments: 	None 
Worst cases: Interstate Projects with Heavy Truck Traffic 
Extent comments: This is a real and a perceived problem. Estimate of% depends 

upon if it is by traveling public, bridge engineer, geotechnical 
engineer, highway commissioner, etc. of the bridges affected, about 
20% are a serious problem. 

Worst cases: Integral Abutment Structures; Structures without approach slabs; 
High fills with short approaches; specific soil & climatic 
conditions 

Minimized cases: Opposite of #6 
Worst cases: The higher the fill, or the softer the natural soil under the fill, the 

greater the propensity for significant settlement 
Minimized cases: Well compacted shallow to medium fill height, over insitu rock 
Worst cases: In those areas of the state not having good fill material 
Minimized cases: Where a high quality, well graded backfill is used. 
Extent comments: The internal cost is for filling the depression with asphalt by 

Maintenance personnel to maintain a smooth riding surface, not for 
repairing the problem. 

Worst cases: 	 Poor drainage, loss of fill by erosion and settlement of the fill. 
Minimized cases: 	Latteral (sic) movement of the bridge abutment. Settlement of 

- - natural soil under the abutment. 
Extent comments: *(comment on total maintenance cost) "Very Little" 
Worst cases: On bridges without approach slabs 
Minimized cases: On bridges with approach slabs 
Extent comments: * by 20% above ("of interstate & primary bridges') 
Other cause explanation: Due to lateral movement of fill materials in large fills. 
Worst cases: Erosin (sic) of fill beneath approach slabs due to poor drainage 

beneath &/or to loss ofjoint material between approach slab & 
backwall. 

Minimized cases: When abutments completely retain the fill. 
Extent comments: It is an exaggerated problem. The typical cure is more expensive 

and worse than the illness, not cost effective. 
Worst cases: Air flaking approach fills cannot be consolidated without a time 

factor of about 3-years. 
Minimized cases: With a reliable fill material which can be compacted well, or rock 

fills. 
Extent comments: Problem is minimal. 
Worst cases: Approach fill constructed on compressible soils and bridge 

supported on piling. Also, skeleton style abutments contribute to 
problem by fill loss under abutment. 



Minimized cases: When preloading, or surcharge construction techniques are used. 
Design based on foundation investigation, testing and geotechnical 
analysis. 

Extent comments: No cost data, see page 46 of enclosed report 
Other cause explanation: See enclosed report pages 49-52 & 56-59. 
Worst cases: Deep foundations supporting bridge--differential settlement 

between bridge and approach fill. Soft foundation soils. Integral 
bridge abutments--thermal expansion/contraction. 

Minimized cases: Good control on contraction inspection--compaction, fill gradation, 
etc. 

Extent comments: No 
Worst cases: Fill that continues to consolidate with time. 
Minimized cases: Use of approach slabs eliminates the problem. 
Worst cases: On steep approach gradients 
Minimized cases: Where natural soils are of granular material. 
Other cause explanation: For a majority of bridges in WV, the abutments and piers are either 

constructed on rock or on end bearing piling driven to rock. This 
allows almost zero settlement of the substructure units. 

Worst cases: Deeper in place soils provide the potential for move settlement. 
Fills constructed of clay soils have creep potential. 

Minimized cases: Abutments on rock. 
Extent comments: Seems to be a common problem 
Other cause explanation: 1) Differential settlement due to a fill built & this surcharge causes 

uncalculated settlement. 
Worst cases: 1) Vertical geometry appears to be a factor in that it appears to be 

worse in the sag of a vertical curve. 
Minimized cases: 1) Bridge located in the crest of a vertical curve 
Worst cases: The greater toe fill height behind the abutment, the greater the 

potential for problems. Ditto with the depth of roadway fill at the 
bridge end(s). 

Minimized cases: Inverse of above, and with bridges with integral abutments. 



46 

Inspection and Detection Methods 
The following are the responses to question 9 about inspection and detection methods most 
commonly used by the departments of transportation. 
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Comments Related to Dectection and Maintenance 
The following comments are responses to questions no. 9, 10, and 11. 

How and when maintained: Depends on severity, available money & manpower. Safety to 
traveling public would be #1 priority. 

Try to find problem?: We determine probable cause during bridge inspections. In some 
cases we do extensive research to determine the exact cause. 

How and when maintained: Usually at time of roadway resurfacing unless condition worsens to 
the point of a safety problem. 

Try to find problem?: Yes if severe--Followup with geotechnical investigation for cause. 
How and when maintained: When the problem begins to show that traffic impacts to the bridge 

end are significant--and on public complaint. 
Try to find problem?: The exact cause is never apparent due to the complex combination 

of variables involved. 
How and when maintained: Frequently 
Try to find problem?: Bridge maintenance entineers will try to determine the cause to 

actually fix the driving mechinism (sic)--settlement is sometimes a 
sign of bigger problem (ie slope instability) 

How and when maintained: When it pose (sic) a hazardous condition for the travelling public 
Try to find problem?: I have conducted a research study to identif' the causes of bridge 

app. settlement. 
NDT explanation: Every 2 years thru the nbis inspection program. The information 

obtained in not especially usefull (sic). 
How and when maintained: It is prioritized at the maintenance patrol level with respect to 

available funds, availablity of repair methods, and competing 
maintenance needs. 

Try to find problem?: Not on a program level. This is not a funded activity. As 
occasionally required by normal project and work design, 
construction and maintenance personnel do this. 

How and when maintained: Pretty much left to personnel and financial resources of 
maintenance. Probably in response to complaints. 

Try to find problem?: Not generally; however on several occasions we have done drilling 
and excavation to determine apparent causes and proposed 
corrective actions. 

How and when maintained: As a result of complaints. 
Try to find problem?: (No, but ... ) Individual bridges sometimes merit investigation if 

Droblem is severe. 
How and when maintained: Private contractor with consultant engineer recommendation 

Other detect. explan: 	Respondent has checked, but not rated, visual inspection, 
rideability (subjective), and public complaints. 

How and when maintained: As Maintenance forces become available or the complaints become 
louder. 

Try to find problem?: 	We feel it is caused by pavement growth. We dont have any better 
joint details to address growth of these bumns. 

How and when maintained: Inspect bridge once every two years. Will perform maintenance if 

problem occurs. Try to reseal joints once every 5 years. 
Try to find problem?: Will look for leaky joints 
How and when maintained: As often as any complaints are received 
Try to find problem?: Highway Bridge Structural Engineers review the problem together 

with Soil Engineers from Highway Research and Materials Testing 
Laboratory. 

How and when maintained: Problem becones severe enough to provide an impact loading on 
bridge, or differential settlement at end of bridge, or doing other 
work on bridge. 

How and when maintained: Subjective judgement. When the bump seems to cause a 
significant traffic hazard. 

How and when maintained: When complaints are recd from public. 
Try to find problem?: Not normally 
How and when maintained: Maintenance forces inspect road regularly and repairs are made 

when bump is significant enough to require repair. 
Try to find problem?: If settlement occurs rapidly and does not appear to be routine, it 

will be investigated by Geotech unit. 
How and when maintained: ? 
Try to find problem?: Usually try to fix at District level with hot mix (or cold mix) band 

aid. 
How and when maintained: When ridability becomes objectionable. 
Dy to find problem?: Construction, Geotechnical, and Structural personnel meet and 

discuss each site to be repaired. The reason for the problem is 
usually obvious. 

NDT explanation: Respondent has noted by "visual inspection --Yearly bridge 
inspections 

How and when maintained: When rideability suffers--steps are usually taken to level the 
roadway with a patching material. 

Try to find problem?: Respondent pencilled in "sometimes" above. 
NDT explanation: Ground Penetrating Radar to detect voiding, approach slab and 

conditions of fill. 
Try to find problem?: In some specific cases and Sites. 

Other detect. explan: [Respondent has indicated "biennial" visual inspections are 
performed] 

How and when maintained: Evaluate need based on biennial inspection report and feedback 
from district maintenance officer--done annually 

How and when maintained: When it's a safety concern. Bridge Inspectors or Bridge 
Maintenance Managers will discover the problem and will alert 
maintenance crews. 

Try to find problem?: Yes, particularly if it's related to abutment movement. 
NDT explanation: Ultrasonic testing, acoustic emission and dye peneterant (sic) 
Try to find problem?: As soon as a problem is found out an effort is made to take care of 

the problem and find the cause. Repairs are not effective unless 
the cause of the problem is also corrected. 



NDT explanation: 	Only NDT would be ride roughness measuring equipment or 
survey profiles 

How and when maintained: Judgement based on rideability (subjective) 
Ti)' to find problem?: 	Investigation only when problem is severerequiring major 

maintenance 
How and when maintained: If the approach settles to the point the ridability becomes 

unsatisfactory then repairs are scheduled by maintenance forces. 
Try to find problem?: Not necessarily. For asphalt approaches a new asphalt wedge is 

added and on concrete slabs we first attempt to raise the slab by 
mud-jacking. 

How and when maintained: Maintenance sections place asphalt when bump becomes 
pronounced 

How and when maintained: When bump becomes dangerous. 
Try to find problem?: Seems we just fix with mudjacking. 
How and when maintained: No set policy; action taken when problem is detected and warrants 

corrective measures. 
Try to find problem?: When multiple problems occur such as slope protection erosion 

and erosion around end bents as well as settlement of approach 

Other detect. explan: Respondent has checked, but not rated, three items: visual 
inspection, ridability(subjective), and public complaints. 

How and when maintained: When ride becomes objectionable 
How and when maintained: If there is a project in area or is a severe problem 
Try to find problem?: Sometimes, however is hard to find one single cause 
How and when maintained: Most recommendations are made after NBIS biennial inspections 

are accomplished--however, if there is a citizen complaint it is 
verified and taken care of immediately. 

Try to find problem?: During biennial inspections every effort is made to determine the 
cause and correct it as much as possible. 

How and when maintained: When ridability deteriorates to a point where maintenance is 
required. 

Try to find problem?: The bridge design section and the geotechnical section try to 
determine the cause for the more serious cases. 

How and when maintained: When the safety of the traveling public is compromised and/or the 
structural integrity of the slab is threatened. 

Try to find problem?: If it is an erosion problem, how is the drainage causing the erosion 
and how can it be remedied? If settlement is the cause, is 
something causing extraordinary settlement. 

Other detect. explan: The snow plow operators usually have direct feedback when 
conditions are bad. 

How and when maintained: 1. Ride becomes intolerable.  

Other detect. explan: 	Respondent has checked, but not rated, "visual inspection". 
How and when maintained: Severity of bump. 
Try to find problem?: 	Usually, unless (word hard to read, may be "severe" or "reversed") 

worst cases are nearly catastrophic due to dispersive soil erosion. 
How and when maintained: If the problem is such that either the safety of the motorist is in 

question or further damage to the roadway facility or bridge is 
inevitable then maintenance is performed. 

Try to find oroblem?: 	Sometimes 
How and when maintained: When it becomes very severe. Public comment etc. 
Try to find problem?: 	Our Geotech Branch usually studies the problem and recommend a 

solution. 
How and when maintained: Varies 
How and when maintained: When we receive complaints, or when pavement growth begins to 

cause problems with the bridge components, i.e., breaking 
backwalls, rocking over bearing devices, breaking pedestals, etc. 

Try to find problem?: 	In some cases we have performed soil/foundation testing to 
determine causes. 

Try to find problem?: Sometimes, depending on the severity of the problem 
Try to find problem?: On occasion we have done soil studies in an attempt to determine 

the cause of the settlement 
How and when maintained: As soon as it is detected 
How and when maintained: When the public complains. 
Other detect. explan: (Visual Inspection--every 2 years w/ bridge inspection) 
How and when maintained: Defer until bridge work is done 
How and when maintained: When complaints are received or thru normal maintenance 

scheduling otherwise 
Try to find problem?: The best method ofr repair can be best determined if the cause of 

approach settlement at a particular bridge site is known 
How and when maintained: Rideablility (subjective) is used to determine when the problem is 

severe enough to repair 
Try to find problem?: Bridge Inspection Teams 
How and when maintained: Region Bridge Maintenance Engineers make the decision based on 

ridability and traffic levels. Central Office Engineers assist if 
approach slabs are added or replaced. 

Try to find problem?: Observations are made during bridge inspections. A serious 
problem may result in field asking central office for assistance, but 
it is rare for geotechnical staff to become involved. Sometimes 
geotechnical design recommendations are rejec 

How and when maintained: a) when rideability becomes intolerable 
Try to find nroblem?: Occationally (sic) study extreme cases 
How and when maintained: When the settlement at the end of the approach slab is more than 

Try to find problem?: 	If the problem occurs shortly after structure construction or 
re-construction and is severe, a review or investigation is generally 	Try to find problem?: 
undertaken. 

How and when maintained: Ridability concerns 

4-5 inches. 
Problems are usually inspected and evaluated by the bridge 
inspectors. Unusual cases are inspected by an experienced bridge 
design engineer. 



How and when maintained: When the ride quality becomes intolerable or when the approach 
roadway receives a scheduled overlay 

Try to find problem?: Seldom 
Other detect. explan: Check by coring consolidation of materials beneath approach slabs. 
How and when maintained: By prioritizing our bridge maintenance repair work based on 

conditions normally gathered through Bridge Safety Inspection 
Reports. 

Try to find problem?: Yes, we often ask recommendations from those in Hydraulics & 
Material Secitons. 

How and when maintained: When ridability is significantly affected, usually within 3 years 
after construction. Correction is scheduled with typical other 
pavement settlements in the area. 

Try to find problem?: It's pretty well known, non-quantitatively, that new fills will settle 
some and the subsurface of original ground under high fills also. 

Other detect. explan: When bump at ent of bridge poses a hazard to snowplowing 
activities. 

How and when maintained: When bump (ridability) becomes objectionable. Also if hazard to 
snowplowing activities. 

Try to find problem?: Existing problems are referred to soils and foundations unit for 
investigation and recommendation. 

NDT explanation: Shallow excavation at pavement seat. 
How and when maintained: N/A 
How and when maintained: Regional maintenace (sic) crews make the decision. 
Try to find problem?: Only if unusual movements are detected will a study be conducted. 
Try to find problem?: Formal reports based on subsurface data are rarely generated. 
How and when maintained: Const. Div will only perform maintenance" on this type of 

problem if it shows up prior to project completion 
NDT explanation: Ground penetrating radar 
How and when maintained: Unless it's a safety concern, we usually correct it along with other 

rehab. work. 
Try to find problem?: Inspection by design personnel, and investigation by geotechnical 

personnel/equipment. 
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Most Common Repair Methods (continued) 

A/c Mud Dran Fill Soil Chng Rtro fIR  Othr 
Levi Jack Impv Impv Impv join Ap Ap 	Repr 

ing mts mts mt Slab Slab 

2 1 3 4 4 3 3 
1 1 2 3 3 4 2 2 

1 2 
1 2 3 3 4 2 3 3 
1 2 4 4 3 4 4 2 

1 1 3 3 4 4 3 2 

1 1 2 2 

1 3 2 4 4 2 2 3 

2 4 3 4 4 2 1 1 

1 2 2 4 4 2 2 2 

1 1 3 4 4 4 3 3 

1 1 2 3 4 3 3 2 

1 3 3 4 4 3 3 3 

1 2 1 3 3 3 3 2 

1 3 4 3 4 4 4 2 

2 3 2 3 4 2 2 2 

1 4 4 4 4 4 4 4 

1 4 3 4 4 2 3 3 	2 

1 3 4 4 4 4 2 2 

1 3 2 3 3 3 2 2 

1 3 3 3 3 3 3 3 

1 2 3 3 4 4 3 3 
2 3 1 1 4 1 1 1 

Most Common Repair Methods 
The following are the responses to question 12, about the methods used most often to repair the 
bump at the end of the bridge. 

A/c Mud Dran Fill Soil Chug Rtro R/R Othr 
Levl Jack Impv Impv Impv join Ap Ap Repr 

ing mts mts mt Slab Slab 

1 4 2 3 4 3 3 4 
1 3 2 3 3 2 2 3 
1 2 2 2 3 2 3 2 

1 1 2 2. 

1 3 2 3 3 4 3 2 

1 2 1 3 4 2 2 2 2 

3 1 2 3 3 1 2 3 
1 4 3 4 4 3 2 4 

1 2 

4 2 3 3 4 1 2 2 
1 4 1 3 2 2 3 4 

1 3 2 3 3 2 2 2 

12 4 4 4 4 4 3 4 

2 2 3 2 3 3 3 2 
1 2 2 3 3 3 2 2 

1 2 2 4 4 2 2 2 

1 1 2 4 4 4 2 2 

1 2 2 1 1 3 1 2 

1 4 2 4 4 2 2 2 

1 2 2 8 2 2 2 

1 4 3 3 3 2 3 3 

4 4 3 3 4 3 3 3 

1 2 2 3 3 1 1 1 

1 1 3 2 4 2 2 2 

1 2 2 2 

2 1 3 3 3 3 2 2 

1 2 2 3 3 3 2 2 

1 1 3 4 4 3 3 3 

1 2 2 2 4 2 2 2 

1 3 4 4 4 2 3 2 

2 1 2 3 4 3 3 3 

1 3 2 1 1 2 1 3 

1 3 3 3 3 3 3 3 

1 1 2 4 4 3 3 3 

1 3 2 2 2 4 2 2 

1 3 1 2 2 2 2 3 

1 3 2 4 4 4 3 2 

1 
1 1 2 2 4 3 2 2 2 

1.2 2.3 2.4 3.1 3.6 2.7 2.4 2.4 1.9 

Averages of each column 
(low values are most common, 
high values are least common.) 



Most Common Design Procedures to Reduce Bump at End of Bridge 
The following are responses to question 13, about what can be done at the design stage to reduce 
the occurrence ofthe bump at the end of the bridge. 

Most Common Design Procedures to Reduce Bump at End of Bridge 
(continued) 

Spec Use Allo Sprd Dsgn Coop Use Use Betr Ant. Othr 
Betr More for Foot for erat Ap Imp Jnts Pvmt Desn 
Fill Comp Setl ings Setl ion Slab Dran 	Grth 

1 	1 1 2 2 2 2 2 3 4 
1 	1 2 3 2 2 2 1 1 2 
2 	1 3 4 2 2 2 2 3 

2 	1 3 3 3 2 2 2 3 
2 	2 2 2 2 2 2 2 2 2 2 
2 	2 2 2 3 1 2 2 1 2 
1 	1 1 2 2 2 4 3 4 4 
3 	3 4 3 3 1 2 1 1 2 

2 2 3 1 
2 	2 4 4 4 2 2 2 1 2 
2 	2 2 1 1 3 3 1 1 4 
1 	1 3 3 2 2 2 2 2 3 2 

1 	1 4 4 4 4 4 4 4 4 4 
2 	2 3 3 2 2 2 3 3 2 
1 	1 4 3 4 2 2 2 2 2 

1 	1 4 2 2 2 4 
1 	1 4 4 4 1 2 2 4 4 

1 	2 2 2 2 2 2 1 2 2 
1 	2 3 3 3 4 1 2 2 3 
2 	2 3 3 4 2 2 2 2 3 
2 	2 4 3 4 3 2 2 2 2 
1 	1 4 4 3 3 1 1 3 3 
2 	1 3 2 1 3 2 3 3 1 
1 	4 4 4 3 4 1 2 2 1 

1 1 1 
2 	2 4 4 4 2 2 2 2 2 

2 	3 3 4 4 2 1 2 2 4 
1 	1 4 3 4 1 2 1 2 2 
1 	1 2 3 2 2 1 2 2 2 

1 
1 	1 1 2 3 2 1 2 1 2 
3 	3 3 3 2 2 1 2 3 4 
1 	1 3 3 3 2 2 1 2 2 
1 	1 4 4 4 2 1 2 3 3 
2 	2 4 3 3 1 1 1 1 4 
3 	2 1 2 1 2 2 3 4 4 
2 	2 
1 	2 4 4 4 3 2 1 3 3 
2 	1 2 

Spec Use Allo Sprd Dsgn Coop Use Use Betr Ant. Othr 
Betr More for Foot for erat Ap Imp Jnts Pvmt Desn 
Fill Comp Setl ings Setl ion Slab Dran 	Grth 

2 	1 	2 	3 	1 	1 	1 	2 	2 	3 
1 

1 	1 	2 	3 	2 	2 	3 	2 	2 	2 
1 	1 	2 	3 	5 	3 	2 	1 	2 	2 
1 	2 	2 	3 	2 	2 	2 	2 	2 	2 
1 	1 	 1 
1 	1 	4 	4 	4 	2 	2 	2 	3 
2 	1 	4 	2 	1 	1 	1 	1 	1 	2 
1 	1 	4 	4 	4 	2 	1 	1 	2 	2 

	

1 	2 	2 	2 
2 	1 	3 	3 	3 	2 	1 	2 	2 	4 
3 	2 	4 	4 	2 	2 	1 	2 	2 	2 
1 	3 	4 	4 	4 	3 	3 	3 	3 	4 
1 	2 	 1 
2 	1 	1 	4 	4 	2 	1 	1 	3 	4 
4 	4 	4 	4 	4 	4 	1 	4 	4 	4 	4 
2 	2 	3 	2 	3 	3 	2 	2 	2 
4 	2 	4 	4 	4 	4 	4 	4 	4 	4 
2 	2 	4 	2 	2 	1 	1 	2 	2 	4 
2 	2 	2 	3 	3 	2 	2 	2 	2 	3 

1 
1 	1 	2 	3 	4 	1.2 	1 	2 	2 
2 	2 	2 	2 	1 	1 	1 	2 	3 	3 

3 	3 	3 	2 	2 	3 	1 	4 	4 	3 
1 	3 	4 	3 	4 	1 	1 	1 	1 	2 

----------------------------------------------------- 

1.7 1.7 3.0 3.0 2.9 2.1 1.7 1.9 2.3 2.8 2.3 

Averages for each column 
(low values are most common; high values are least common) 

LA 
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Most Important Construction Controls to Reduce Bump at End of Bridge 
The following are responses to question 14, about what can be done at the construction stage to 
decrease the problem. 

Betr Wait Info Betr Wait Info 
Comp Per- vatv Comp Per- vatv 
Cntl iod Meth Cntl 	iod Meth 

1 1 5 1 	1 	3 
1 2 2 1 
1 2 2 

1 	1 	3 
1 1 	2 	2 

2 	2 	1 
1 1 2 
2 2 2 

1 	2 	2 
2 2 1 	2 	2 
1 2 2 1 	2 	3 
1 2 1 	2 
2 1 1 	1 	2 
1 1 2 	2 	2 
1 2 4 

2 	1 	1 
1 1 3 

1 
1 	1 	3 

1 2 4 
1 	2 	4 

2 2 2 
2 

1 1 
2 	4 	1 
2 	1 	3 

1 2 2 1 	2 	3 
2 1 1 

1 	1 	2 
2 2 2 

1 	1 
1 3 4 
2 2 2 3 	1 	2 
1 3 2 3 	4 	1 
1 2 
1 3 2 
3 2 1 

2 1 3 
------------- 

2 3 1 1.4 	1.9 	2.3 
2 2 2 
1 2 2 Averages for each column 
1 1 2 (low values are most common; 
3 1 1 high values are least common) 
1 2 
1 2 4 
1 2 2 
1 2 2 
1 3 1 
2 4 
2 2 
1 3 
1 2 



Comments Related to Repair, Design and Construction 
The following comments are responses to questions no. 12, 13, 14 and 15. 

Innovative tech. explan: *see item 7 ('Deep enough backwalls to prevent spill thru, well 
compacted fill behind the abutments & good drainage.') 

Other design explan: Insure that the approach is properly constructed 
Other design explan: Caltrans has a design for approach slabs that are integral with the 

backwall to prevent any settlement from fill settlement or erosion. 
Innovative tech. expl: (The respondent has added an item "Proper drainage" and ranked it 

2='important) 
Other design explan: If time allows preconsolidate the approach embankment & 

foundations 
Innovative tech. expl: Reinforced earth of the use of geofabrics. 
Other repair explan: Sometimes concrete pavement needs to be replaced, or have 

expansion joints saw cut in it. 
Other design explan: Use asphaltic approach pavements in areas likely to have problems. 

This allows for easier maintenance of the problem area. 

Innovative tech. expl: 	Developing new details and procedures for backfilling at 
abutments to minimize bump 

Other repair explan: Level settled area with hot bituminous pavement. 
Other design explan: * [by four of above items] "It would be nice but a tough thing to 

do" 
Innovative tech. expl: Piles are used to prevent settlement 
Other design explan: * (by better cooperation... above) "good cooperation already exists' 
Innovative tech. expl: Thorough preconstruction investigation of existing soils 
Other design explan: * (by "use a properly designed approach slab") "See 

Attachment--a detail sheet for Approach Slab is appended. 
Innovative tech. expl: Have used wick drains to speed settlement in rare situations. 
Innovative tech. expl: We are now tying (sic) approach slab to bridge deck and building a 

sill for other end to rest on. This helps bridge settlement gap. 
Also, install vert. drain to keep water out of fill material. 

Innovative tech. expl: Use select backfill behind the abutment. 
Innovative tech. expl: Wick drains have been used when existing subsurface material is 

Innovative tech. expl: 	Flowfihl and positive drainage at abutment areas. 	 expected to settle and problems may be encountered with the slow 
Innovative tech. expl: 	Preload Hilfiker wal and over burden (sic) used on recent major 	 relief of pore pressure 

structure. 	 Innovative tech. expl: 	We design our approach slabs to extend over the wingwalls and 
Other repair explan: 	The respondent has checked, but not rated, leveling with ACC, 	 place a grade beam (or piles) between the approach slab and paving 

mud jacking. 	 slab. 
Innovative tech. expl: 	None 
Other repair explan: 	Uretek-jack slab using high density polyurethane 
Other repair explan: 	Undersealing (5 psi pumping) 
Other design explan: 	Study problem as it relates to existing approach, type of bridge and 

abutment, and type of approach with type of previous maintenance. 
Innovative tech. expl: 	Drilled bentonite at locations of bridge approaches 
Innovative tech. exol: 	N.A. 
Other repair explan: 	* (comment to retrofit with approach slab) 'We always use an 

approach slab." 
Other design explan: 	**(corm.ent on "allow for more settlement under the bridge 

abutment") "98% of our abutments are on piling" 
Innovative tech. expl: Integral end bents & tying R.C. approach slab to end bent 
Other repair explan: Respondent has checked several methods, but not rated: 
Other design explan: Respondent has checked two above, but not rated: 
Other design explan: By response above, respondent has indicated that "specif' better 

backfill" and "use more rigorous compaction specifications" should 
be done together. 

Innovative tech. expl: Pile supported approaches. 
Innovative tech. expl: Use of surcharges & wick drains to accelerate settlement is 

common practice. 
Innovative tech. expl: a. Occasionally an underdrain is placed behind the abutment. 
Innovative tech. expl: Improve natural soil properties/accelerate settlement by wick 

drains--- 

Other design explan: At the present time NCDOT is including a soil fabric reinforced 
system under the approach slab and behind the end bent or 
abutment in addition allows time for settlement to occur before end 
bent construction is specified in plans. 

Innovative tech. expl: Fabric to contain fill material and inhibit erosion 
Innovative tech. expl: We have used ground improvement techniques, compaction 

grouting to improve the soil under approach fills. 
Innovative tech. expl: The use of Select Borrow in abutment areas. Approach slab details 

that don't allow the drainage to get under slab. 
Other repair explan: Most problems only warrant work that can be performed quickly 

and with little disruption to traffic. 
Innovative tech. expl: 1. Waiting period after abutment is backfilled prior to paving. We 

have also proposed an approach slab of reinforced concrete and AC 
concrete that can be more effectively repaved with shim AC 
pavement. 

Other repair explan: 	F Ash grout, URETEK foam (experimental) 
Innovative tech. expl: 	Flowable backfill, granular backfill, strong research program 
Innovative tech. expl: 	We are beginning to use Geot. settlement analyses to predict 

amount of settlement. 
Other design explan: 	Respondent has ranked the actions from 1 to 10. Data disregarded 

except for action ranked 1. 
Innovative tech. expl: 	Respondent has ranked the actions from ito 3. Data disregarded 

except for action ranked 1. 
Other design explan: 	Respondent has defined new response code 5=maybe. Respondent 



has pencilled in "2 or 5" for answer to 'use a properly designed 
approach slab". and "5" for "design the bridge abutment and 
approach fill..." 

Innovative tech. expl: 1) Reinforcing backfill with geogrids or other reingforcement (sic) 
Innovative tech. expl: Use 1) Controlled low strength material (flowable fill) 
Innovative tech. expl: We have used wick drains, temporary surcharges, and undercutting 

on various projects. 
Innovative tech. expl: Specify granular fill at the bridge end 
Other repair explan: Control grade elevations 
Other design explan: Grade Control 
Innovative tech. expl: On Bridge Replacement projects, flowable fill is being used to 

backfill against abutments 
Other repair explan: Foundation settlement is rarely the cause of serious problems. 
Innovative tech. expl: We are considering using shredded tires in lieu of granular backfill 

for backfill. 
Other design explan: 

Innovative tech. expl: 

* All structures, except simple span, are designed continuous. 
Allowing settlement under abutments would not be tolerable. 
Rarely.used, but removal and replacement of unsuitable natural 
in-situ soils 

Other design explan: As stated earlier, in our area, it's an insignificant problem with 
usual bridges. The prevention is worse and more costly than the 
situation. Typical correction is a routine correction, same as other 
pavement depressions on a newly constr 

Innovative tech. expl: It's a routine and minim repair situation to build up with asphalt as 
the slow and slight settlement occurs. 

Other repair explan: Loss of fill through skeleton type abutments has been solved by 
driving short lengths of sheet piling through pavement behind 
abutment. 

Other design explan: Very few bridges are constructed on spread footings and permitted 
to settle with approach fill. When technique used, application was 
successful. 

Innovative tech. expl: Lightweight approach fills have been used. Also, designed 
preloads and surcharges have been used. 

Innovative tech. expl: See enclosed report pages 115-119 
Other design explan: * (by use a properly designed approach slab) 'WSDOT has a policy 

to use approach slabs on a new construction. 
Innovative tech. expl: See Ron Cooks memo 
Other design explan: 1) In some cases lengthening the approach slab would help 
Innovative tech. expl: Original ground should be surcharged prior to building abutments 
Innovative tech. expl: Fabric reinforced backfill with positive drainage to daylight, and a 

reinforced concrete approach slab supported on the abutment. 

Comments Related to Organizational/Procedural Problems 
The following comments are responses to question no. 15, about what can be done from a 
procedural or management perspective to minimize the bump. 

Lack of coordination in design of the bridge-end of fill environment. This needs coordination 
between the bridge, geotechnical and roadway designer and must be customized for each case. 

There are obstacles to collecting data on the problem. We have 8,000 test installations and very 
little usable or reliable information on these installations. 

Geotechnical and Bridge personnel would better serve each other in the same organizational unit 

Too big a hurry to finish the project and open it to traffic. 

Maybe traffic 

FHWA STIP Program 

Ambitious construction schedules that do not allow time for settlement before paving. 

Need more importance placed on construction inspection. This is restricted by staffing concerns. 

Our Structures Design/Construction Divisioon focuses on the best structure design and does not 
interact with the highway designers. 

Difficult to enforce high quality inspection practices 

Lack of appreciation 

Inspectors may not be properly trained or may not have support of upline managers. 

Current integral abutment design leads to problem, but the design has also eliminated problems 
from the old design. Also, geotechnical engineers and structural engineers have differing 
viewpoints. 

The lack of adequate time for embankment settlement to take its course before construction. The 
lack of proper maintenance of drainage elements. 

Lack of assurance of the compaction of the fill and backfill material 

Minor settlement of fills, over extended time usually presents only a minimum problem situation. 

State recommends approach slabs on all bridges with exceptions--see attached internal memo. 

Not enough trained inspectors with knowledge of geotechnical (soils). 

Construction difficulties with potential for contributing to this problem are not well 
communicated back to design. 



Comments Related to Research and Leading States 
The following comments are responses to questions no 16, 17. and 18. 

Research suggestions: No recommendation  
Leading states explan: No knowledge 
Leading states explan: Hopefully your research will find the answer to this one 
Performed research explan: N/A 
Research suggestions: Determine impact loading imparted on the approach slabs when 

vehicle (sic) leave and enter the bridge deck. 
Leading states explan: Unknown 
Performed research explan: Respondent has included a two-page discussion of the problem. 

States that research is being performed by a Carl Stewart on a new 
approach slab design. 

Performed research explan: A research study entitled 'Bridge approach settlement" 
Research suggestions: Use of geofabrics, EPS, flow fill 
Leading states explan: No idea. Northwestern states, Washington state 
Performed research explan: Literature research and data analysis of the problem. We may be 

carrying the study further to physical investigation in the future. 
Research suggestions: See above. 
Leading states explan: Don't know. 
Performed research explan: Survey type effort and reports by research 
Leading States explan: Unknown 
Performed research explan: SHRP 
Research suggestions: Better joint detail 
Leading states explan: Question is irrelavent (sic) 
Performed research explan: Presently are evaluating the Uretek process as mentioned in 12.) 
Research suggestions: Different type ofjoint designs 
Performed research explan: In House: Drilled bentonite into bridge approach, used double 

reinforced PCC paved approaches, used dowelled pavement forms, 
used geogrid 

Research suggestions: Compaction techniques for abutments and bridge approaches to 
reduce settlement, proper gradation of subbase materials, drainage 
systems, study of pavement/bridge joints, and affect (sic) of 
pavement notch and ties to abutment from approach 

Leading states explan: Iowa 
Research suggestions: 1. A cushion material below the sleeper slab may reduce 

differential settlement due to impact loads. 
Leading states explan: Don't know 
Performed research explan: Qualified yes.—We formed small task force some year ago to study 

problem of settlement and drainage. Adopted preformed drainage 
system for abutment. 

Research suggestions: This is an inherent problem in bridge construction that has been 
investigated and written about for many years. A literature search 
will show that many things have been tried and few things have 
had wide success and still remained economic 

Research suggestions: Use of different materials in constructing approach embankments 
(styrofoam, shredded tires, etc;)--determine how heavy clay or 
other undesirable soil can be altered to perform adequately. 

Leading states explan: ? 
Research suggestions: Proven insitu consolidation testing 
Research suggestions: Not sure 
Leading states explan: Don't know 
Performed research explan: Estimation of settlement for granular soils (on-going) 
Research suggestions: Construction control and case studies of completely known 

problems 
Performed research explan: See attached executive summary report--complete final report is 

available from NTIS Report No. FHWA/MD/89/I 3. [Respondent 
has transmitted copy of Maryland DOT State Highway 
Administration Research Report entitled "Structural and Soil Provi 

Research suggestions: Determine optimum compactive efforts to minimize settlement of 
the fill, while monitoring lateral soil pressures on the abutment. 

Leading states explan: Unknown, but possibly a state with poor/weak gravels and 
freeze-thaw cycles. 

Research suggestions: Research focused on evaluation of "solutions" implemented by 
various states and measurement of success or failure 

Leading states explan: Apparently most States have this problem 
Performed research explan: Sponsored NHI Course 13212, Soils & Foundations Workshop 
Leading states explan: Unknown 
Research suggestions: Methods to stablize the approach fill 
Performed research explan: See attached report. 
Leading states explan: Wyoming, Washington 
Research suggestions: Review of structural configuration 
Leading states explan: ?? 
Leading states explan: California has studied and proposed solutions to the problem, some 

of which Nevada has adopted as is or with some modifications. 
Performed research explan: However, we have a biannual program where construction and 

maintenance groups describe premature failures of recent 
construction. These problems are frequently brought to the 
attention of geotechnical people. 

Research suggestions: Do other states have innovative ideas? Share them. A simple 
method to differentiate embankment (internal) settlement versus 
foundation settlement. 

Leading states explan: I don't know. 
Research suggestions: Use better compaction effort near bridge 
Performed research explan: Flowable fill, Earth reinforced backfill, granular backfill, dynamic 

compaction 
Research suggestions: What/how does free water enter abutment area? How do we 

design drainage features to mitigate? 
Leading states exolan: Texas 
Performed research explan: Research Division 



Research suggestions: Research different construction methods, practices & procedures. 

Performed research explan: 1 -Research Project at University of Okia. to development (sic) 
complete program to predict settlement complete. 

Research suggestions: Specific Geot. Site Studies. 
Leading states explan: ? 
Performed research explan: I) Computer program to anticipate severity of settlement 
Research suggestions: Research into compaction methods and approach designs. 

Performed research explan: 2 projects: An O.U. project by Dr. Zaman on the bump at the end 
of the bridge & an O.S.U. project by Dr. Shether [this name 
difficult to read] on the effects of different approach fills--Research 
is ongoing at this time by O.S.U. 

Leading states explan: Wyoming 
Leading states explan: Colorado 
Research suggestions: Research not needed 
Research suggestions: Unknown 
Leading states explan: Unknown 
Performed research explan: You have received reports from Vernon Bump. 
Research suggestions: Research on backfill designs that would accomodate movement 

from integral abutments. 
Leading states explan: Don't know. 
Research suggestions: Cost effective in-situ soil modifications 
Leading states explan: Don't know. See "Bridge Abt. & Approach Slab Settlement" Phase 

1, Tadros, Univ. of Nebraska Dec. 1989 
Performed research explan: Research by Dr. Clyde Lee, 1977 
Research suggestions: The main problem with approach slab settlement is not giving 

enough time to obtain the required settlement of the fill prior to 
constructint the bridge, inadequate compaction and keeping the 
drains functional by Maintenance personnel. Ther 

Leading states explan: probably California 
Research suggestions: ? 
Leading states explan: Mild euphoria helps 
Research suggestions: None, there's enough subjective knowldege on the topic out there. 

Soil mechanics is not all that reliable to come to reasonable 
forecasts on project by project occurances to justify the cost of 
effort. 

Leading states explan: Is this really a problem for the usual situation? 
Performed research explan: Various types of approach slabs have been used. 
Performed research explan: Enclosed. 
Performed research explan: ? 
Research suggestions: ? 
Leading states explan: ? 
Performed research explan: See Ron Cooks report of the 1992 Bridge Approach Study Team 
Research suggestions: Design development procedures that assure input from Soils 

Engineers regarding quality of embankment and backfill materials. 
Designs which allow embankments near the abutment to be 

compacted with larger equipment than small vibratory machinery 
Leading states explan: Possibly Minnesota and Iowa 
Leading states explan: No knowledge 
Performed research explan: RP# 106-Study of Bridge Approach Behavior and 

Recommendations on Current Practice" The research project is 
being executed by WVU, beginning 11/94; will include literature 
study and survey practice. 

Performed research explan: N/A 
Research suggestions: Soil settlement analysis 
Performed research explan: See copies of attached paper [attached is Edgar, Thomas V., Jay A. 

Puckett, William F. Sherman, and Jeffrey L. Groom, "Utilizing 
Geotextiles in Highway Bridge Approach Embankments", 
Geotextiles and Geomembranes 5(1987) 3-16.) 

Research suggestions: Achieving better compaction of granular material in fabric 
reinforced fills.  



APPENDIX C 

Example of Approach Slab Details 

Cycle control 
joint 

slob 
	

l00 - 0" Existing 

Pavement 

-. 	tr.:.'_:._..••; 	_______ 

lo0'0" 3'-O" Exist. pov't. 

Pressure relief joint 

. 

	

Steel H
piles 
	

SECTION 

24' -0" Approach slob 	
rApprooch 

pavement 

-. 	
I" 

	

'Sliding surface 	- 	
2'_3'1 .iiJ 

Abutment 
 

Approach 

16 -0" Concrete anchor 	
pavement 

20 -0" Appooch slob  

Cycle corot joint 	 Z 
3.  H 

Abutment 

Approach 

Burke, M.P., Bridge Approach Pavements, Integral Bridges, and Cycle Control Joints, in Transportation 
Research Record 1113, TRB, National Research Council, Washington, D.C., pp.  54-65. 
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Paved Approach Slab with Asphalt Roadway 

Variable 	 Top Course** 

1.0 m (3 It) Typical 	 Binder Course** 

Base 
Approach Slab* 	0.3m(ut) 	 Base  

1J[ 	
1  

-j 	

**'fhiCkness as per Typical Sections 

New Approach Slab Before Settlement 
*Rejnforce and detail in accordance 

with SDD 95-M90 (BDD 95-90). 0 -a 

New Top Course 
Original Top Course Milled Out to 	 New Binder course 

0 

I
Permit Placement of New Overlay 	Original Top Course I 	Original Binder course 

0 _  

Approach Slab. 	
Base 
Base 

00 

Repaving After Settlement 



Paved Approach Slab with Concrete Roadway 

Variable 	 Top Course 40 mm typ (1.5 in) 

h1Orn 	(3(t) Typical 	 1/, Binder Course 40 mm. typ (1.5 in) 	Pressure Relief Joint 

I Concrete 
Base 

Approach Slab* 	0.3 m (I ft) 	 I 	Pavement 
jr 	 Base 

with BDD 95-M90 (HDD 95-90). 	I 	Sleeper Slab 
*Reinforce  and detail in. accordance 	I 

New Approach Slab Before, Settlement 

New Top Course - 
Original Top Course Milled Out to 	 . 	New Binder course 
Permit Placement of New Overlay 	

Original Top Course 
Original Binder Course  

Approach Slab 	 Base 	

1 
Concrete 

Base 	 Pavement 

Sleeper Slab 

Repaving After Settlement 

New York Department of Transportation, 1995, Approach Slab Details obtained from 
Robert Burnett, Soil Mechanics Bureau, Albany, New York. 
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(CONCRETE PAVING) 

4A,rm s0, 

—

,,—h 51111 Ri111, 	E0"0C. 

( 	a:cy!yp? 	f48R1dSIP• 

GENERAL NOTES 

I THE CONCRETE 	SHALL NE 	"IlA 	?'c.UTSN 	PSI, ON "A" P'c.IOOD 
ATTE11 	"bA' 

)51e" ( 5030 
PSI, AS UESF,RIlIllEO RU Tilt ENltllEEN. 	 CONCRETE IS 
Rr.QUIRER, 	THE NESNFORCIHG STEEl. SIIAI.I. HAVE AN EFOTT COATING, 

Le 
THE CONTACT JOINT 10101111 THE CONCRETE PAVEKGIIO AND THE 

(4030 

APPROACH SLAN 	SHALL 	PARALLEl. 	TAG 	RACE 	rACE 	0? THE 

1  

STRUCTURE 100 	SEERS 01 	10 DEGREES 	00 LEISI 000 0101)0 
CHEATER TITAN 20 	DECREES 	THE 	CONTACT 	JOINT 	SHALL RE 
NORHAL 	TO 	THERONOIIM 	ALIGINIENT 	CONTROL 	LINT. 
JOINTS TRAIL NE 	STACCERER 	ON 	LANE 	LINES 	FOR StEWED . 
STRUCTURES. 	STAGGER 	LINGO 	SHALL 	RE 	AT 	EACH LANE 
LINE FOR SEERS OR 45 SECREtS 00 HONE. 

3"O 

 

THE CONTACT JOINT REEH ASPHALT PAVE10AT AND APPROACH 
, 0 400,, )5l C SLAR ShALL PARALLEL THE RACE FACE OF THE STRUCTURE. 

1 	"' tGl00d.6 	'Y"fl'l'R FOR 	SKEWS 	CROATEW 	TSAR 	20 	DEGREES TIlE DISTANCE NF.ASURED I 	Pnlonfld FOrn.,.0N, RIO,, 
(SFO 064rNZ sr,ro,p, 

R000AL TO AND IRON TIlE RACE FACE OF THE STRUCTURE TO THE END 
OF THE APPROACH SLAR SHALL NE A 0101010 00 IS FEET. 

LONGITUDINAL CONSTRUCTION JOINTS IN THE APPROACH SLAt KAY RE 
SECTION B-B LOCATER 00. LANE LINES 6ITIEN FERIIITTER RN THE ENGINEER. 

All 	OXEN 	THE 	APPROACH 	SLUR 	EXTENDS BEYOND TIlE PlACE 114.INCII EXPANSION JOINT RIATERIAL BETWEEN THE CONCRETE 
AIIHCWALLS. EXTEND THE EXPANDED 	POLOSTTNENE 2 PANEPIGHT 	

AND 	
TNT 	LONGITUDINAL 

	
FACEOF THE APPROACH SLAB. 

INCHED IEUOND 	THE UINGWALL 	ENDS. ADJUST THE TIlE EXPANSION JATI1T RATERIAL IS TO NE RECESSES 1I2.INCH IRON 
APPROACH 	SLAN 	TO 	ITS 	FULL 	DEPTh. 	AND 
ELIHIHATE TIlE 0036 lASS. 

THE 	SURFACE 	AND 	THE 	JOINT 	SEALED 	IDENTICALLY 	TO 	THE 
"LONGITUDINAL WEAEEHED PLANT JOINT" SN SHEET 0.76 OF TilE 
STANDAUN PLANS. 

THE LENGTH 	OP IRE 	STEPS OUST 	NE 12.0 	HINIH1NI IX 10.0" 
KAXIIITDA OR IHCHEAEHTAL INTERNALS 124.0" 11TH. TO SD-H" 
HAT...) 	TO 	MAINTAIN 	A 	2.0 	NIHIHTIH 	TO I5'.D" HAXIININ 
SPACIRC OF 	THE 	TRANSVERSE 	WEAKENED 	PLANE 	JOINTS 	IN THE 
CONCRETE 	PANEHENT. 	SEE 	SECTIRI1 4OS.OT.U9 OF THE SPECTAL 
P600151105 AND SHEET S-TA OF THESTANDARD PlANS FOR SAW. 
CATTING DETAILS. 

® . 	FAD 'RD ESiIIFRIEI lAD WAD l.tllAhILiTAiIG. OF 	Ri 1511110 F.lflllCli000. fill. 
.flItflint flIRts nIRR0DRII CLARA sllN4 Sr. r.Os,ACl,D 	iS Ml? liSt 	11011 

SEE 	CONTRACT PLANS FOR 
nlllRlV.cifl 	1001 lORAN, AD 	IHI 	IiflSiAllN 5(0311,. 	DCI 	5(1.11011 RlO.Oi.l' 
0, 	IllS  AIRIIROCO Dl.lit lEfT 051 lESIOn 5' idol. rrlrnlSIU'r Tern 	lcIF Al 
IDOl 	ill 111000. 

JOINT 	DETAILS 

RAPE?- 

B 
TYPICAL PLAN (SKEWED) 

(CONCRETE PAVING) 

10.Sm,.d.0kI P4Th, 
(Full AlUM RI Cn,C.,N Ib,Ifl 

I'S \' Wi IC flrpnd ff11660016 a-uI, no.110/ 

I \ 	o Or 
.300MAiSAO.I \. - 

iRlnoSHS) 	
455060)571? 

DETAIL llpli 
(ELASTOMERIC CONCRETE OPTION) 

i... 	

VH,rr 
91, 0.1 

SECTION A A 	 I1 	 " 
(SEE DETAIL C" FOR PLANTMIX BITUMINOUS PAVING)  

DETA 

 "F" 	
.46,00611 HAD.) 

. t(/ 	 (ELASMERIC 	MEAOERS OPTION) 

A-,- \ 	

noTN\ 1j1J/v<"15 
DETAIL 'IC"  

(PLANINIX BITUMINOUS PAVING) 	 . . 	/. 	. 	 .... 	' 	77 . (61,01101 

ASTE: FOR INIOOiIAIION 6 C(AIEMNISNS AIRT ADORN SEE SECTION L.A  

	

APPROACH 548 	
- i 

DETAIL NFL 	 DETAIL 5K0  
(APPROACH SLARJOINTPIYOIFCTION-I'LANTMIXOITUMINOUSPAVING) 	 LS5flANRAE....PLAN) 

Nevada Department of Transportation, 1995, Attachment to Survey Response, Floyd 

Marcucci, Bridge Division, Carson City, Nevada. 
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PLAN 

SEE DETAIL A 

FOR DETAILS OF APPROACH 
SLAB WITH PS CONCRETE 
BRIDGE SUPERSTRUCTURE 
SEE SHEET 2 OF 2 

SECTION A-A 	
WITH I.C.C. PAVENENT 

\ 	I 	A3' AT 12*1 TOPI 	 I 
42'I0 AT IBI ALTERNATE 	TTPE E JOINT 

AT 9 WITH 	 SEE NOTE 2 

lIAR LENGTHS CUT TO PITI I 	SEE NOTE 7 

STEW ANGLE 	

I I 	AI.IO AT 18* IEOTTOUI 	I 

_ 	

I  
24 -0 	 I 
ITRP.I 	 I PLAIN OR I 	 ,.,S' IlEINF0RCEO 

I 	 CEVCAETE 

I 	 FLEXIBLE PAVERENT. 
I 	I 	 I 	 PAVEAENT OR 

I 	 I 
SEE NOTE 2 - 

TYPE E JOINT, 
SEE NC-SO 
AND NOTE 2 

L 
SECTIONB-B 

I. CONSTRUCT IN ACCORDANCE WITH THIS STANDARD DRAWING 
OR AS INDICATED OR THE STRUCTURE ORAWINGS. 

THE TYPE E JOINT DOES NUT APPLY RREN APPROACH SLAB 
IS BEING CONSTRUCTED IN CONJUNCTION WITH A PAVEAENT 
RELIEF JOINT OR WITH A FLEXIBLE PAVEAENT. SEE DC - UI. 

VVEN CONSTRUCTION INVOLVES MORE THAN 2 LANES, CONNECT 
ADDITIONAL LANES R000IRED TO STANOARO 2 LANE BRIDGE 
APPROHCA SLAB RUING TYPE L CONSTRUCTION JOINTS, AS 
SHOWN EN RC-2O. SHEET 2 OF , 
INSTALL NEOPRENE COMPRESSION SEALS TO A ENIPERIA DEPTH 
WITH TOP EP THE SEAL NOT LESS THAN '/, NOR AORE 
THAN 	BELOW THE LEVEL OF IRE PAVEMENT SURFACE. 
TRE TOP EDGES OF THE CONTACT SURFACES 01* ROTH SIDES 
UP THE SEAL SNALL BE Al THE SAllE ELEVATION. 

S. DETERMINE 'A' BY ADDING Vi TO THE UAUIIXJAA 
COAPRESSEO NEIGHT OP THE NEOPRENE COMPRESSION SEAL 

SEE MAIVJFACTUOERS INFERAATIBNI, 

N. CONSTRUCT THE BRIDGE APPROACH SLAB AFTER THE BRIDGE 
DECN IS CONSTRUCTED. 

I. PROVIEE REINFORCENENT.BAHS. EPDXY COATED IN ACCORDANCE 
WITH PETLICATION 400. SECTION TOO. 

TOOLED EDGES 

2' CL. 	 3• CL. 

JAl LI
82 

_J 

0'  CL' AT IB.[ 	
CL. 

TOOLED 

SEE DETAIL Ar 
PER JOINT 	I 
RATER IAL 

TOP OF ABUTMINT-], 	 TREATER 

DETAIL A (ALTERHATE 
TO APPLY OlH.T VIlER INDICATED 

DII STRUCTURE DRAWINGS 

COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF TRANSPORTATION 

bRIAR HP BOStON 

BRIDGE APPROACH SLAB 

RU D MAR.28.1184 	C 	E 	1.71,111* _ORT..iOH.Z. 

RC-23 

PROVIDE i% 1*1w. NOIIINAL 
WIDTH NEOPRENE COMPRESSION 
SEAL FOR Y, AOVEAENT 
CLASSIFICATION. SEE NOTE 4 

A. SEE NOTE S'____ 
2 CL.. 	 . CL. 

82  

I "1. L3.CL 
*2 	

, 
"-BOND BREAkER 

A1EA5EJREO NORMAL 
TO ABUTI&NT 

DETAIL A 

Commonwealth of Pennsylvania Department of Transportation, 1995, Attachment to 
Survey Response, H. C. Rogers, Bridge Division, Harrisburg, Pennsylvania. 



JOIN! DETAILS 
9- uIIiIAu 

IT' UIRIUUA 
FORJOINTDETAILS 
SEE SHEET I OP 2 

RITHOOt CARDER SEE SHEET 	F 2 PITHOUT CAMBER 
1..S 

- 	 sio_"\ fOR 
TILT1100k TO MAINTAIN 4' uIH. SLAB_ MOORTOMAINTAIN 

PROPER CLEARANCE 
„TILT 

CLEARANCE ,/'POOPEO __ 

4-1-IE. 
APPROACH 

- 

— IE 	APPROACH 
SLAB 

ft 
______________________________________ 

.1 
REQUIRED 
______________________________ 	REND IN FIELD 

12 ___________________________________________ 	
RERO IN FIELD 

I 	 ZI. i 1T DEPTH 	 MINIAUIA CLEARANCE 	
I 
AND 

AHO OVER) 	 I 

ii'_ DEEPADJACENTCOMPOSITEBOXBEAMS 
WITH 9”DEEP APPROACH-SLAB NOTCH 

21'TO48"DEEPADJACENTCOMPOSITEBOXBEAMS 

WITH II" DEEP APPROACH SLAB NOTCH 

SPREADBOXBEAMSWITHAPPROACH 

SLAB NOTCH 11 1/2 __ ORDEEPER 

POR JOINT DETAILS 
MIII 	"SEE THEE! I OF 2 

ARIES PITH BEAN SIZES 

TILT HOOT 	TO MAINTAIN 
ll;~v CLEARANCE 

'-a 
APPROACH 

SLAB 

BEND IN FIELD 
2-PLY BIT. PAPER 

I

PROPRR

ERO OH BEAU I. 	THEN MAKING CONSTRUCTION CHANGES 	IN THE FIELD. TRIO 
3' UINIIIJU, EBANING IS TO SERVE AS A GUIDE FOBAOOIFTING NOTCH 
SEE ROTE 3 RETAILS SHO•N ON P/S SOANOARD DRATINGS PUN 

ACCOIIIJODATINC THE STANDARO 	IN' BRIDGE APPROACH SLAB. 

PITA PUBLICATION 400. SECTION TO. 

AT BEAU ENDS, BOON OFP REIIVPOOCEAEHT PROTRUDING INTO 
APPROACH SLAB NOTCH. 

INCREASE 	IN FIELD, PROVIDING OVERHANG, IF REQUIRED. 

EL 	ION PRORIUE HEIHPQUCERDNT BARS. EPDXY COATED. IN ACCORDANCE 
CHAMFER 

COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF TRANSPORTATION 

MUNOAR OF REVlON 

3 

BEAN 

 

E' 

- 

BRIDGE APPROACH SLAB 

MIII. 

rim 
ZgP.2S.I9VA9RRR( 

I-BEAMS 

_
__s4.-. RC-23 11TC1. 	AIIQ 0 HulA 

,—FUR JOINT DETAILS 
UINIIIUA SEE SHEET I OF 2 	 BLOCk 

lILT HOUR EQ MAINTAIN R AlA. PROPER CLEARANCE 

EONORREARUR. 2-PLT RIO. PAPER 	 - 	
SLAB 

—
C' 

.IIAUUI 

SLAB .TI IE' 
APPROACH 

RAUPICH1 SLAB 
HAUNCH 

REND IN FIELE 

ZitUJ 



SCHEOULE OF IEINPOOCEIAN1 StEEL 	

1 
OAR! I SIZE  I 

SP 
c

AC I c
NC I 	LONGER 	I P001500 

REWIRED 

PAP 
P.C. 

SEE NOTE I 

PATLIUIT 
PAOEAONT H 
JOINT 

PIT LIUIT 

RITIOITNOUS tI0000 	 COOlESt IDZ 
COURSE. IC-i 

i 	
ACRE 

EARS 

1-0,1 - 	 L0 TAOS 	 I6•• ON11104101ACH 
I 	 C EARS- 	I .• 	 SLAT 

OARS 

7 	$UTN.SL0E . 	

I..,. 

I 

NOTES 
I. P011060EV RELIEF JOINTS ARE APPLICANLE FOR All. CEREAl 

CONCRETE PAVENCHIS. 

2. CONCRETE IN SUOSLAB SHALL RE CLASS NA I AT CONTRACTORS OPTION, 
SARDINE CONCRETE NAT CU N.E.S.I. 

0. PORTIONS OF REIN000CIIIG EARS 0111CR ARE LOCATED OUTSIDE THE 
IUSICAIEO PIT LINES STALL NO IRCLI.00TO IN RIO PRICE FOR P0110AURT 
RELIEF JOINT. 

N. OVEN THE PATENONT GRADE CAUSES DRAINAGE T0.A005 ITO 0010CC 
A SUOGRAOE 00110 SEE EC-SO) SHALL EU PLACED 01)000 TAR 6 l000ION 
OP ITO 5005LAR AlAS HILL RE PlEASURED AND PAID FOR AS SPECIF lED IN 
SECTION 610, PSOOLICATIOR NOT. 

S. NOCEE ERI000S NON LOCATED LESS TARN 1.000 PT. APART. AS PlEASURED 
FROPI TNE FACE OF THE NEAREST AEUTA0AT, NO RELIEF JOINT RILL RE 
USED EE100EH THE 0010005. 

01IENE ENIOGOS ARE LOCATED BET000R I 000 Fl. AND 1.550 PT. APART. 
AMC THE PAVEAOIIT StRUCTURE IS CEA0NI CONCRETE • ONE RELIEF JOINT 
SHALL EE PLACED NID000 0000000 THE BRIDGES. III 111000 CASES. IRE 
SUESLAN SHALL CE A ONIFORA U IN. TNICE AND 7 Fl. RIDE. 

FOR JOINT 000AILS ON PIER C000TRUCTIOPA. SEE RC-lO. FOR JOINT 
DETAILS OH RECASISINOCTION, SEE EC-26. IF THE DISTANCE 70 THE 
IIEAREST JOINT IS LESS THAN IA , 0000VE THE ETISTIAG PAVEAURI to 
TNT JOINT. 

560010 PINION AND 
2PLTOITI.APINOUS 
PAPER OS PELTEINT 

I PLACE AGAINST COAPACTEC SU000ADE 
ORIENTAL NITH001 PORNO I 	I 
PAT 1.10110 I 	I 

L - '—. SEE NOTE 	

FOR PAVEIIEPIT RELIEF JOINT 

COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF TRANSPORTATION 

CIIRRAE OF 013I0IA 

SECTION A-A 

PAVEMENT RELIEF JOINT 

tNT. .1 OU.L 

RC-24 
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APPENDIXD 
Example of Compaction Specifications 
Texas Department of Transportation, 1995, Standard Specifications for Construction and 
Maintenance of Highways, Streets, and Bridges, Austin, Texas 

132.1 to 132.2 132.3 

132.3. ConstructIon Methods, 

ITEM 132 

EMBANKMENT 

132.1. Description. This Item shall govern for the placement and 
compaction of all materials necessary for the construction of roadway 
embankments, levees and dykes or any designated section of the roadway 
where additional material is required. 

132.2. Material. Materials may be furnished from required 
excavation in the areas shown in the plans or from off right of way sources 
obtained by the Contractor and meeting the requirements herein. All 
embankment shall conform to one of the following types as shown on the 
plans, except that material which is in a retaining-wall-backfill area shall 
meet the requirements for backfill material of the pertinent retaining-wall 
item: 

Type A. This material  shall consist of suitable granular material, 
free from vegetatiod or other objectionable matter, and reasonably free from 
lumps of earth: This material  shall be suitable for forming a stable 
embankment and, when tested in accordance with Test Methods Tex-104-E, 
Tex-105-E, Tex-106-E and Tex-107-E, Part II shall meet the following 
requirements: 

The liquid limit shall not exceed ...................45 
The plasticity index shall not exceed . . . . . . . . . . . . . . . . . 15 
The bar linear shrinkage shall not be less than ..........2 

Type B. This material shall consist of suitable earth material such 
as rock, loam, clay, or other such materials as approved by the Engineer 
that will form a stable embankment. 

Type C. This material shall be suitable and shall conform to the 
specification requirements shown on the plans. 

Type D. This material shall be that obtained from required 
excavation areas shown on the plans and will be used in embankment. 

(1) General. When off right of way sources are involved, the 
Contractor's attention is directed to Item 7, 'Legal Relations and 
Responsibilities to the Public. Prior to placing any embankment, all work 
in accordance with Item 100, 'Preparing Right of Way', shall have been 
completed on the areas over which the embankment is to be placed. Stump 
holes or other small excavations in the limits of the embankments shall be 
backfilled with suitable material and thoroughly tamped by approved 
methods before commencing embankment construction. The surface of the 
ground, including disk-loosened ground or any surface roughened by small 
washes or otherwise, shall be restored to approximately its original slope by 
blading or other methods. Where shown on the plans or required by the 
Engineer, the ground surface thus prepared shall be compacted by 
sprinkling and rolling. 

The Engineer shall be notified sufficiently in advance of opening any 
material source to allow performance of any required testing. 

Unless otherwise shown on the plans, the surfaces of unpaved areas 
(except rock) which are to receive embankment shall be loosened by 
scarifying to a depth of at least 150 millimeters. Hillsides shall be cut into 
steps before embankment materials are placed. Placement of embankment 
materials shall.begin at the low side of hillsides and slopes. Materials 
which have been loosened shall be recompacted simultaneously with the new 
embankment materials j,laced upon it. The total depth of loosened and new 
materials shall not, exceed the permissible depth of the layer to be 
compacted, as specified in Subarticle 132.3.(3).(a) and (b). 

Trees, stumps, roots, vegetation or other unsuitable materials shall 
not be placed in embankment. 

Unless otherwise shown on the plans, all embankment shall be 
constructed in layers approximately parallel to the finished grade of the 
roadbed. 

Embankments shall be constructed to the grade and sections shown 
on the plans or as established by the Engineer. Each section of the 
embankment shall correspond to the detailed section or slopes established 
by the Engineer. After completion of the roadway, it shall be continuously 
maintained to its finished section and grade until the project is accepted. 
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(2) Constructing Embankments. 

(a) Earth Embankments. Earth embankments shall be defined as 
those composed principally of material other than rock, and shall be 
constructed of acceptable material from approved sources. 

Unless otherwise specified, earth embankments shall be constructed 
in successive layers for the full width of the individual roadway cross 
section and in such lengths as are best suited to the sprinkling and 
compacting methods utilized. 

Layers of embankment may be formed by utilizing equipment and 
methods which will evenly distribute the material. 

A minor quantity of rock or broken concrete encountered in the 
construction of this project may be incorporated in the lower layers of the 
embankment if acceptable to the Engineer. Or, it may be placed in the 
deeper fills, in accordance with the requirements for the construction of 
rock embankments, provided such placement of rock is not immediately 
adjacent to structures or in areas where bridge foundations are to be 
constructed. Also, rock or broken concrete may be placed in the portions 
of embankments outside the limits of the completed roadbed width where 
the size of the rock or broken concrete prohibits its incorporation in the 
normal embankment layers. All exposed reinforced steel shall be cut and 
removed from the broken concrete. 

Each layer of embankment shall be uniform as to material, density 
and moisture content before beginning compaction. Where layers of unlike 
materials abut each other, each layer shall be featheredged for at least 30 
meters, or the material shall be so mixed as to prevent abrupt changes in the 
soil. No material placed in the embankment by dumping in a pile or 
windrow shall be incorporated in a layer in that position, but all such piles 
or windrows shall be moved by bladmg or similar methods. Clods or 
lumps of material shall be broken and the embankment material mixed by 
blading, harrowing, disking or similar methods until a uniform material of 
uniform density is achieved in each layer. 

Sprinkling required to achieve the moisture content necessary for 
compaction shall meet the material requirements of Item 204, "Sprinkling". 
It shall be the responsibility of the Contractor to secure a uniform moisture 
content throughout the layer by such methods as may be necessary. In 
order to facilitate uniform wetting of the embankment material, the 
Contractor may apply water at the material source if the sequence and  

methods used do not cause an undue waste of water. Such procedures shall 
be subject to the approval of the Engineer. 

Rock Embankments. Rock embankments shall be defined as 
those composed principally of rock, and shall be constructed of acceptable 
material. 

Unless otherwise specified, rock embankments normally shall be 
constructed in successive layers for the full width of the individual roadway 
cross section and of 450 millimeters or less in depth. When, in the opinion 
of the Engineer, the rock sizes necessitate a greater depth of layer, the layer 
depth may be increased as necessary, but in no case shall the depth of layer 
exceed 0.75 meter. Each layer shall be constructed in such a manner that 
the interstices between the larger stones are filled with smaller stones and 
spalls which have been created by this operation as well as from the 
placement of succeeding layers of material. 

The maximum dimension of any rock used in embankment shall be 
less than the depth of the embankment layer, and in no case shall any rock 
over 0.6 meter in its greatest dimension be placed in the embankment unless 
otherwise approved by the Engineer. Unless otherwise shown on the plans, 
the upper or final layer of the embankment shall be composed of material 
so graded that the density and uniformity of the surface layer may be 
secured by the "Ordinary Compaction" or Density Control' method. 
Exposed oversize material shall be reduced by sledging or other methods as 
approved by the Engineer. 

When "Ordinary Compaction" is specified, each embankment layer 
shall be rolled and sprinkled when and to the extent directed by the 
Engineer; When "Density Control" is specified, each layer shall be 
compacted to the required density as outlined for "Earth Embankments", 
except that in those layers where rock will make density testing difficult, 
when shown on the plans, the Engineer may require the layer to be proof 
rolled to insure proper compaction. 

Embankment Adjacent to Culverts and Bridges. 
Embankments adjacent to culverts and bridges shall be compacted in the 
manner prescribed under Item 400, "Excavation and Backfill for 
Structures", or other appropriate bid items. 
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As a general practice, embankment material placed adjacent to any 
portion of any structure and in the first two layers above the top of any 
culvert or similar structure shall be free of any appreciable amount of gravel 
or stone particles more than 100 millimeters in greatest dimension and of 
such gradation as to permit thorough compaction. When, in the opinion of 
the Engineer, such material is not readily available, the use of rock or 
gravel mixed with earth will be permitted, in which case no particle larger 
than 300 millimeters in greatest dimension and 150 millimeters in least 
dimension may be used. The percentage of fines shall be sufficient to fill 
all voids and insure a uniform and thoroughly compacted mass of proper 

density. 

(3) Compaction Method.s. Compaction of embankments shall be 
by Ordinary Compaction or 'Density Control' as shown on the plans. 

(a) Ordinary Compaction. When 'Ordinary Compaction" is 
shown on the plans, the following provisions shall govern: 

Each layer shall not exceed 200 millimeters of loose depth, unless 
otherwise directed by the Engineer. Each layer shall be compacted in 
accordance with the provisions governing the Item or Items of "Rolling". 
Unless otherwise specified on the plans, the rolling equipment shall be as 
approved by the Engineer. Compaction shall continue until there is no 
evidence of further compaction. Prior to and in conjunction with the rolling 
operation, each layer shall be brought to the moisture content directed by 
the Engineer, and shall be kept leveled with suitable equipment to insure 
uniform compaction over the entire layer. Should the subgrade, for any 
reason or cause, lose the required stability or finish, it shall be recompacted 
and refinished at the Contractor's expense. 

(h) Density Control. When "Density Control" is shown on the 
plans, the following provisions shall apply:. 

Each layer shall be compacted to the required density by any 
method, type and size of equipment which will give the required 
compaction. The depth of layers, prior to compaction, shall depend upon 
the type of sprinkling, mixing and compacting equipment used. However, 
maximum depth (400 millimeters loose and 300 millimeters compacted) 
shall not be exceeded unless approved, by the Engineer. Prior to and in 
conjunction with the rolling operation, each layer shall be brought to the 
moisture content necessary to obtain the required density and shall be kept 
leveled with suitable equipment to insure uniform compaction over the 
entire layer. 

Each layer shall be sprinkled as required and compacted to the extent 
necessary to provide the density specified below, unless otherwise shown 
on the plans. 

Description 	 Density, Percent 	Moisture 

Non-swelling soils with 	Not less than 98 
plasticity index less 
than 20 

Swelling soils with 	Not less than 98 	Not less 
plasticity index of 	nor more than 102 	than optimum 
20 to 35 

Swelling soils with 	Not less than 95 	Not less 
plasticity index over 35 	nor more than 100 	than optimum 

The density determination will be made in accordance with Test 
Method Tex-1 14-E. Field density determination will be made in accordance 
with Test Method Tex-1 15-E. 

After each layer of earth embankment is complete, tests as necessary 
may be made by the Engineer. When the material fails to meet the density 
requirements or should the material lose the required stability, density, 
moisture or finish before the next course is placed or the project is 
accepted, the layer shall be reworked as necessary to obtain the specified 
compaction, and the compaction method shall be altered on subsequent work 
to obtain specified density. Such procedure shall be subject to the approval 
of the Engineer. 

Excessive loss of moisture shall be construed to exist when the 
subgrade soil moisture content is four (4) percent less than the optimum. 

The Contractor may be required to remove a small area of the layer 
in order to facilitate the taking of density tests. 	Replacement and 
compaction of the removed material in the small area shall he at the 
Contractor's expense. 	' 

When shown on the plans and when directed by the Engineer, the 
Contractor shall proof r011 in aôcordance with Item 216, 'Rolling (Proof)'. 
Soft spots shall be corrected as directed by the Engineer. 
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132.4. Tolerances. The tolerances shall be as follows: 

(1). Grade Tolerances, 

(a) Stage Construction. Any deviation in excess of 30 millimeters 
in cross section and 30 millimeters in five (5) meters measured 
longitudinally shall be corrected by loosening, adding or removing the 
material, reshaping and recompacting by sprinkling and rolling. 

(h) Turnkey Construction. Any deviation in excess of 15 
millimeters in cross section and 15 millimeters in five (5) meters measured 
longitudinally shall be corrected by loosening, adding or removing the 
material, reshaping and recompacting by sprinkling and rolling. 

Gradation Tolerances. The Engineer may accept the material, 
providing not more than one (1) out of the most recent five (5) gradation 
tests performed are outside the specified limit on any individual sieve by 
more than five (5) percent. 

Density Tolerances. The Engineer may accept the work 
providing not more than one (I) out of the most recent five (5) density tests 
performed is outside the specified density, provided the failing test is no 
more than 50 kilograms per cubic meter outside the specified density. 

PlasticIty Tolerances. The Engineer may accept the material 
providing not more than one (1) out of the most recent five (5) plasticity 
index samples tested are outside the specified limit by no more than two (2) 
points. 

132.5. Measurement. This Item will be measured as follows: 

(1) General. 

Retaining-wall-backfill areas which are also in embankment areas 
will be measured for payment as embankment except as shown on the plans; 
such material shall meet the requirements for backfill material of the 
pertinent retaining-wall item(s). Limits of measurement for embankment 
in retaining-wall areas will be as shown on Standard Detail Sheet 

Earthwork Measurement at Retaining Walls" (EMRW) in the plans. 

Shrinkage or swellage factors will not be considered in determining 
the calculated quantities. 

Class 1. Embankment will be measured in its original, natural 
position, and the volume computed in cubic meters by the method of 
average end area. 

Class 2. Embankment will be measured by the cubic meter in 
vehicles as delivered on the road. 

Class 3. Embankment will be measured by the cubic meter in 
its final position as the volume of embankment computed in place between 
(1) the original ground surfaces or the surface upon which the embankment 
is to be constructed, and (2) the lines, grades and slopes of the accepted 
embankment, using the average end area method. 

Class 3 is a plans quantity measurement Item and the quantity to be 
paid for will be that quantity shown in the proposal and on the Estimate 
and Quantity" sheet of the contract plans, except as may be modified by 
Article 9.8. 	If no adjustment of quantities is required, additional 
measurements or calculations will not be required. 

132.6. Payment. The work performed and materials furnished in 
accordance with this Item and measured as provided under 'Measurement" 
will be paid for at the unit price bid for "Embankment, of the compaction 
method, type and class specified. This price shall be full compensation for 
furnishing embankment; for hauling; for placing, compacting, finishing and 
reworking; and for all labor, royalty, tools, equipment and incidentals 
necessary to complete the work. 

When proof rolling is shown on the plans and directed by the 
Engineer, it will be paid for in accordance with Item 216, "Rolling 
(Proof)". 

When "Ordinary Compaction" is shown on the plans, all sprinkling 
and rolling, except proof rolling, will not be paid for directly, but will be 
considered subsidiary to this Item, unless otherwise shown on the plans. 

When "Density Control" is shown on the plans, all sprinkling and 
rolling, except proof rolling, will not be paid for directly, but will be 
considered subsidiary to this Item. 
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When subgrade is constructed under this project, correction of soft 
spots in the subgrade will be at the Contractor's expense. When subgrade 

is not constructed under this project, correction of soft spots in the subgrade 
will be in accordance with Article 4.3. 

ITEM 134 

BACKFLLLJI'4G PAVEMENT EDGES 

134.1. DescrIption. This Item shall govern for backfilling pavement 
edges in conformity with widths and typical gectioM shown on the plans. 
This Item also includes the application of an emulsified asphalt and/or 
fertilizer with the backfill material, when specified on the plans. 

134.2. MaterIal. 

General. Unless otherwise indicated on the plans, the top 100 
millimeters of the backfill material shall be capable of sustaining vegetation. 
When less than 100 millimeters of backfill is required, the material supplied 
shall be capable of sustaining vegetative growth. 

Backfill Material. Backfill material shall be one of the 
following types: 

Type A. Backfill material shall be provided from a source outside 
the right of way and be in accordance with the requirements shown on the 
plans. 

Type B. Backfill material shall be secured from within the existing 
right of way as shown on the plans or as directed by the Engineer. 

Type C. Backfill material shall be mulch sodding provided from an 
approved source in accordance with Subarticle 162.3(8). 

Emulsified Asphalt. The emulsified asphalt shall be of the type 
specified on the plans and shall meet the requirements of Item 300, 
"Asphalts, Oils and Emulsions". 

Fertilizer. Fertilizer, of the type shown on the plans, shall 
meet the requirements of Item 166, "Fertilizer". 

Water. Water required for proper compaction, the promotion 
of plant growth, and/or emulsion dilution shall conform to Item 204, 
"Sprinkling". 

134.3. Construction Methods. Unless otherwise permitted by the 
Engineer, when backfill material is required to be hauled to or within the 
project site, the backfill material shall be hauled to the approximate required 
location prior to placement of the pavement finish surface course. After the 
pavement finish surface course has been placed, the backfill material shall 
be spread, compacted, and shaped in accordance with the typical sections. 

Types A and B Backfill. After the surface course has been 
placed, the necessary backfill material shall be brought to the approved 
moisture content, bladed, and compacted as directed by the Engineer. The 
material shall be shaped to the lines and grades as shown on the plans. 
After the backfill has been compacted, the roadway sideslopes shall be 

bladed to a smooth surface conforming to the details indicated on the typical 
sections or as directed by the Engineer. 

Type C Backfill. Mulch sodding backfill material shall be 
placed in a uniform windrow and kept moist as directed by the Engineer. 

After the surface course has been placed, the necessary backfill 
material shall be bladed and compacted in accordance with Subarticle 
162.3(8) or as directed by the Engineer. After the backfill has been 

compacted, the pavement side slopes shall be bladed to a smooth surface 
conforming to the details indicated on the typical sections or as directed by 
the Engineer. 

Emulsified Asphalt. Emulsified asphalt mixture, when shown 
on the plans, shall be applied following final finishing of the backfill 
material until the specified amount of mixture has been applied. The rate 
of application, after dilution, shall be as specified on the plans. 

Fertilizer. Fertilizer, when shown on the plans, shall be 
distributed unitbrmly at the rate specified over the backtlllcd area following 
final finishing. After the application of fertilizer, the backfill areas shall be 
thoroughly moistened to a depth of 100 millimeters or to the maximum 
depth of the backfill whichever is less. 
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APPENDIX E 

Example of Bridge Approach Drainage Details 

Maryland Department of Transportation, 1995, Attachment to Survey Questionnaire, 
Charles Byus, Bridge Division, Brooklandville, Maryland 

Plug ends of pipes with some material 
that underdrain Is composed of. 

; ; 	I - I 
6"4 Perforated PVC circular 

/ 

pipe underdrain. S 	I • 
Sg _ 

IS I! II Drain in each direction from / slope (Typ.) I 
-I 	I S 	'sI 

__ 
I •  

IS, 
/shIf 

1 
_1L 

T 

I —Ii' 
it 
ii 

III 
Ill 

- 
II II 

II 

15' ± 

L utiet as shown through the 
abutment onto the slope 
protection or finished ground. 

6"perforated PVC 
underdroin behind 
wing wcli- 

PLAN 
Scale: None 90 bend from 

underdrain 

6' ± length behind 

6"PVC pipe 	 wing wall  

bend 

Notes 
LTo -be used for all abutments, regardless of the 

direction of the approach roadway grades. 
2.Mlnimum slope of PIpe Underdraln Outlets Is 4"Ift. 
3.For Section A-A see Sheet No. 2. 3 or 4 
4.The drainage system behind each wing wail can be 

connected to the drainage system behind the 
abutment using 2 - 90' bends and a short length 
of pipe. This will necessitate the 	 APPROVAL 
drainage system behind the wing wall 
be slightly higher. 

5.For wing wails over 25 ft. long, the 
DA1E 3/4/80 

drainage system behind them may be  
Independent of the drainage system 	FEYWONS 

behind the abutment. They con be 	SHA 
oufletted directly through the wing 

	[]6-a14-8#16'I wall. 	 ___________  

DATE: 6-20-80 

6"$perforated PVC 
underdrain behind 
abutment 

STATE OF MARYLAND 
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ofRcE OF BRIDGE oeELop,.4e(r 

DRAINAGE SYSTEM AND 
BACKFILL FOR ABUTMENTS 

STANDARD NO. BR-SB(O.Oi)80101 	SHEETJ._ OF...L 



30'-0" Max. 

6"4 Perforated PVC Circular 
Pipe Iinderdroin 

Approach Roadway 
Pavement 

6"4 Non-Perforated PVC Circular 
Pipe Underdraln 0ufiet.— 

SECTION A-A 
Scale: None 

_J Lp of 

: 
subgrode 

f 0 0' '—Slope to drain ' 	- o 0' LO toward abutment 
L 0'0 
L 0.0 and wing walls 

Notes: 
I. Graded aggregate base to be placed and compacted 

In 6" lifts In accordance Section 501. 
2.AASHTO H 43, SIze No.57 stone shall be placed 

as shown behind the abutment and to the some 
geometrlcs behind the abutment wingwolls when 
they parallel the hIghway. 

3.7he Contractor must provIde a well compacted 
surface to place the geotextile and stone fill 
agaInst. In fill areas It will be necessary to overfill 
a suffIcIent distance so that a well compacted 
surfocewIll be produced when the overfill is 
removed. The removed material will be paid for 
as Class 2 Excavation, The maximum pay limits 
for the stone will be the 2 ft. base and the 
slope as steep as ground will allow with the 
I 12 maxImum slope. 

4.7he cost of the stone and geotextile will be 
incidental to the pertinent structure concrete item. 

Slope 
Protection 

Concrete Bose (Mix 
No.lor better)— 

'5 Threaded 
rebar dowel 
coupler at 
i'-6" c/c 

--'_--- 

__-#-AASHTO M43. Size No.51 stone fill placed and 
tamped In accordance with Section 210 

-Siope as steep as ground /j2 
will allow (Typ.) 1:2 maxImum i 

Place Class C geotextile between Size No. 51 
/ 	stone and approach embankment 

I 	t—Varles - 1'-4" Mm. 

'S's spaced 
OS Shown. 

15 0 1'-6" c/c. 
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Approach Roadway 
Pavement 

Top of 
subgrade 

''-Slope to drain toward ' 	t d
'9 Vol abutment and wIng walls 

j 	AASHTO 1.143 	Size No 57 stone fill placed and 
D 

" 'A q 	fomped In accordance with Section 210 

H 	
?' 	Slope as steep as ground 	j2 	 - 

will allow (Typ.) 1:2 maxImum 

Place Class C geotextile between Size No.57 
stone and approach embanKment 

6"4 Perforated PVC Circular 
Pipe Underdroin 

6"4 Non-Perforated PVC 
Circulor Pipe linderdrain 
Outlet. 

'5 Threoded 	- 	- 	
I 

Notes: 

-- 
rebor dowel 	 $._ aries - l'-4" MIn. I. Graded aggregate base to be placed and compacted 
coupler at In 6" ilfts In accordonce Section 501. _________________ l'-6"c/C .2.AASHTO M 43, Size No.57 stone shall be placed 

as shown behind the abutment and to the same 
geometrics behind the abutment wingwalis when 

2'-O" they parallel the highway. 
3.The Contractor must provide a well compacted 

' 7-Slope  surface to place the geotextile and stone fill 
Protection against. In fill areas it will be necessary to overfill 

a suffIcIent distance so that a well compacted 
Concrete Base surface will be produced when the overfill is 
(Mix No.lor removed. The removed material will be paid f or 
better) 	 SECTION A-A as Class 2 Excavation. The maximum pay limits 

0 5 a 11-6" c/c. 	 Scale: None  
for the stone will be the 2 ft. base and the 
slope as steep as ground will allow with the 

'S's spoced 
I 	2 moxlmum slope. 

4. The cost of the stone and geotextile will be ________ 
OS shown. Incidental to the pertinent structure concrete item. 
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r-6" c/c 

rn6, 
—< 

0C) 
Concrete Bose 

>00 (Mix No.Ior 
better) 

(_) o 
MjDo 

rnn 0 
zrnr-z C,) 

0 

a 

Max. 	 ri 
Roadway 

Top of 
subgrade 6"q Perforated PVC Circular 

Pipe Underdrain 

' 	. 

/ r 

/r Slop 
will 

 as steep as ground /j2 
allow (Typ.) I : 2 maximum 

6" Non-Perforated PVC 
Circular Pipe Iinderdroln 
Outlet. 

I 	kII 	i ii 
l I I 

	

III LII 	I li 

	

Ill II I 	I 

Slope to drain toward 
abutment and wing walls 	' 
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AASHTO M43, Size No.57 stone fill placed and 
tamped In accordance with SectIon 210 

/-'---Place Closs C geofextile between Size No.57 
stone and approach embankment 

Varies - 1'-4" Mm. 

85 0 i'-G" c/c.—' I 

'5s spaced 
as shown. 

SECTION A-A 
Scale: None 

Notes: 
I. Graded aggregate bose to be placed and compacted 

In 6" lifts In accordance Section 501. 
2.AASHTO M 43, Size No.57 stone shall be placed 

as shown behind the abutment and to the some 
geomefrics behind the abutment wingwolls when 
they parallel the highway. 
The Contractor must provide a well compacted 
surface to place the geotextile and stone fIll 
against, in fill areas It will be necessary to overfill 
a sufficient distance so that a well compacted 
surface will be produced when the overfill is 
removed. The removed material will be paid for 
as Class 2 ExcavatIon. The maximum pay limits 
for the stone will be the 2 ft. base and the 
slope as steep as ground will allow with the 
112 maximum slope. 
The cost of the stone and geofextile will be 
incidental to the pertinent structure concrete item. 



THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research 
Council, which serves the National Academy of Sciences and the National Academy of 
Engineering. It evolved in 1974 from the Highway Research Board, which was established 
in 1920. The TRB incorporates all former HRB activities and also performs additional 
functions under a broader scope involving all modes of transportation and the interactions of 
transportation with society. The Board's purpose is to stimulate research concerning the 
nature and performance of transportation systems, to disseminate infOrmation that the 
research produces, and to encourage the application of appropriate research findings. The 
Board's program is carried Out by more than 400 committees, task forces, and panels 
composed of more than 4,000 administrators, engineers, social scientists, attorneys, educators, and 
others concerned with transportation; they serve without compensation. The program is 
supported by state transportation and highway departments; the modal administrations of the 
U.S. Department of Transportation, and other organizations and individuals interested in the 
development of transportation. 

The National Academy of Sciences is a nonprofit, self-perpetuating society of distinguished 
scholars engaged in scientific and engineering research, dedicated to the furtherance of 
science and technology and to their use for the general welfare. Upon the authority of the 
charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to 
advise the federal government on scientific and technical matters. Dr. Bruce Alberts is 
president of the National Academy of Sciences. 

The National Academy of Engineering was established in 1964, under the charter of the 
National Academy of Sciences, as a parallel organization of outstanding engineers. It is 
autonomous in its administration and in the selection of its members, sharing with the 
National Academy of Sciences the responsibility for advising the federal government. The 
National Academy of Engineering also sponsors engineering programs aimed at meeting 
national needs, encouraging education and research, and recognizes the superior achievements of 
engineers. Dr. William A.Wulf is interim president of the National Academy of Engineering. 

The Institute of Medicine was established in 1970, by the National Academy of Sciences 
to secure the services of eminent members of appropriate professions in the examination of 
policy matters pertaining to the health of the public. The Institute acts under the 
responsibility given to the National Academy of Sciences, by its congressional charter to be 
an adviser to the federal government and, upon its own initiative, to identify issues of 
medical care, research, and education. Dr. Kenneth I. Shine is president of the Institute of 
Medicine:  

The National Research Council was organized by the National Academy of Sciences in 
1916 to associate the broad community of science and technology with the Academy's 
purposes of furthering knowledge and advising the federal government. Functioning in 
accordance with general policies determined by the Academy, the Council ,has become the 
principal operating agency of both the National Academy of Sciences and the National 
Academy of Engineering in providing services to the government, the public, and the 
scientific and engineering communities. The Council is administered jointly by both 
Academies and the Institute of Medicine. Dr. Bruce Alberts and Dr. William A. Wuif are 
chairman and interim vice chairman, respectively, of the National Research Council. 
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