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Abstract—Differential settlement at the roadway/bridge 

interface typically results in an abrupt grade change, causing 

driver discomfort, impairing driver safety, and exerting a 

potentially excessive impact traffic loading on the abutment. 

Bridge approach slabs are used to keep the effects of this 

differential settlement within tolerable limits. In many cases, the 

final magnitude of settlement exceeds the working range of an 

approach slab, necessitating costly roadway and slab repairs. 

The potential causes for this problem purely site specific. Hence 

this settlement problem may not have a unique solution. The 

purpose of this study was to investigate differential settlement at 

bridge approaches and give possible solutions of this problem 

using available materials and manpower in the context of 

Bangladesh. In most cases the differential settlement occurs at 

mid portion. This can be said to be the most critical location.

Index Terms—Bangladesh, bridge approach slab, differential 

settlement, mitigation techniques.

I. INTRODUCTION

In the case of most bridge, the approaches are often 

considered to be a minor element of the project in terms of 

cost as well as the engineering challenges involved in design 

and construction. A proactive attempt to employ sound 

engineering principles for the design, specification and 

construction of approaches is often lacking. From the point of 

view of the user, a satisfactory approach to the structure is 

also very important and hence it is very essential that all 

relevant aspects of the approaches are carefully evaluated and 

suitable remedial measures designed to ensure the safety and 

serviceability of the approach throughout the design life of the 

structure.

Approach maintenance problems, manifested by a 

characteristic bump felt when driving onto or away from a 

bridge. Although this problem is commonly recognized and 

its causes are clearly identified, no unified set of engineering 

solutions has emerged; primarily because of the number and 

complexity of the factors involved. Very seldom can 

settlement at bridge approaches be traced to a single cause. 

Typically, settlement reflects an aggregate effect of subsoil 

conditions, materials, construction techniques, drainage 

provisions, and quality control methods.

The objective of this study is to identify the probable 

causes of differential settlement at bridge approaches, factors 

influencing development of settlement and probable solution

that reduce or eliminate development of settlement at 

approach. A field study was also conducted to determine the 

extent and probable causes of settlement development at 

approach in various bridge sites.

II. MECHANISMS CAUSING BRIDGE APPROACH 

SETTLEMENT

Wahls (1990) [1] as well as many researchers studied cause 

of settlement at bridge approaches’ and identified the causes 

of bridge approach settlement [2]-[7], which have been 

grouped into five major categories:

•   Poor Performance of Approach Pavements

•    Types of Bridge Abutments and Foundation Support

•     Deformation of Embankment Fill

•     Deformation of Foundation Soil

•     Poor Drainage

The summary of these major causes are presented in Table

I.

TABLE I: SUMMARY OF CAUSES OF BRIDGE APPROACH SETTLEMENT

Category Causes

1.Poor

Performance of

Approach Pavement

A. Deformation in Flexible Pavement: Rutting, 

shoving or cracking.

B. Failures in Concrete Pavements: transverse 

cracking, joint faulting, corner breaks, or 

blowup.

C. Improper placement of roadway grades.

2.Type of Bridge

Abutments and

Foundation Support

A. Lack of maintenance of expansion joints of 

Non-Integral Abutments causing temperature 

induced stresses on bridge abutment

B. Improper Abutment or Wing wall Design

3. Vertical and 

Lateral Deformation 

of Backfill

A. Inadequate compaction of backfill due to 

limited space, improper

construction equipment, contractor care, soil 

type, and/or lift thickness

B. Post-construction consolidation of cohesive 

soils due to the

embankment self-weight, traffic loads, and 

weight of asphalt overlays

C. Bearing capacity failure of sleeper slab 

footing under approach slabs

4.Vertical and

Lateral Deformation 

of

Foundation Soil

A. Lateral squeeze of weak foundation soils due 

to increase vertical stresses 

B. Consolidation settlement of silt, clay and 

organic soils due to increased effective stress

5. Poor Drainage A. Instability of slopes at the abutment from rise 

in water level

B. Increase in hydrostatic pressure behind 

abutment

III. METHODOLOGY

The survey of the bridge approaches have been measured 

by using a measuring tape, chalk, rope and plastic/steel ruler 

(shown in Fig. 1) the measurement was done. The differential 

settlements at bridge approaches have been measured in two 

phases. At first phase, 20 points have been identified on the 
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bridge approaches’ for measuring the settlements and at the 

second phase the settlements have been measured at those 

points. At first the joint between the bridge approach and the 

bridge was identified. After that the width of the joint, which 

was measured with a measuring tape has been divided into 

four parts that consists of 5 points. At those 5 points 5 lines (A, 

B, C, D and E) of 8 feet length each, have been imagined 

which were perpendicular to the width of the joint.

Fig. 1. Equipment used for measuring differential settlement.

Fig. 2. Imaginary points for measuring differential settlement at bridge 

approach.

Fig. 3. Measurement of the settlement between the bridge and existing 

roadway level.

Again 4 more lines (F, G, H and I) have been imagined at 2 

feet, 4 feet, 6 feet and 8 feet distant respectively from the joint 

which were parallel to the joint. These perpendicular and 

parallel imaginary lines intersected themselves at 20 different 

points and they were marked with chalk. These were the 

points where settlements have been measured (shown in Fig. 

2). A rope of 8 feet has been used, of which one end was fixed 

at the joint and the other end was hold straight at the same 

horizontal level of the joint. It was possible to measure the 

settlement of points at 2 feet, 4 feet, 6 feet and 8 feet distance 

of the imaginary lines in context of the rope which was kept 

horizontally with the existing roadway level. The difference 

between the elevation of rope and the road surface is the 

settlement measured for that particular point. The measuring

technique is illustrated in Fig. 3.

IV. DATA ANALYSIS OF FIELD TEST SITES

Fig. 4. Hatirjheel 4th bridge,dhaka,Bangladesh.

TABLE II: DATA OF SURVEY SETTLEMENT IN LONGITUDINAL DIRECTION OF 

HATIRJHEEL 4TH BRIDGE, DHAKA, BANGLADESH

Distance

(ft)

Settlement(mm)

A B C D E

2 20 15 20 20 23

4 28 25 33 25 28

6 32 30 40 30 32

8 41 32 42 43 35

Fig. 5. Distance vs. settlement graph (hatirjheel 4th bridge, dhaka, 

bangladesh- longitudinal).

TABLE III: DATA OF SURVEY SETTLEMENT IN TRANSVERSE DIRECTION OF 

HATIRJHEEL 4TH BRIDGE, DHAKA, BANGLADESH

Distance

(ft)

Settlement(mm)

F G H I

0 20 28 32 41

6 15 25 30 32

12 20 33 40 42

18 20 25 30 43

24 23 28 32 35

Visual inspection carried out at Hatirjheel 4
th

Bridge, 

Dhaka, Bangladesh (shown in Fig. 4) indicated differential 

settlements was 1.328 inches at the interface between the 

approach fills and bridge in longitudinal direction (data used 

are given in Table II) and 1.52 inches in transverse direction

(data used are given in Table III).The Distance vs. Settlement 

Graph longitudinal is shown in Fig. 5 and The Distance vs. 

Settlement Graph transverse is shown in Fig. 6.The survey 

indicated differential settlement of about 0.6 to 1.7 inches 

near abutments (within 8 feet) in longitudinal direction. The 

transition slope (differential settlement divided by approach 

length) was calculated to be about 0.157 to 0.453 inches per 

foot for the North abutment of Hatirjheel Bridge, Dhaka, 

Bangladesh.
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Fig. 6. Distance vs. settlement graph (hatirjheel 4th bridge, dhaka, 

bangladesh - transverse).

Fig. 7. Shaheed abdur rab serniabat bridge, barishal, bangladesh- east 

abutment.

TABLE IV: DATA OF SURVEY SETTLEMENT IN LONGITUDINAL DIRECTION 

OF SHAHEED ABDUR RAB SERNIABAT BRIDGE, BARISHAL, BANGLADESH-

EAST ABUTMENT

Distance

(ft)

Settlement(mm)

A B C D E

2 20 10 16 15 14

4 35 12 14 30 14

6 37.5 13.5 20 31 21

8 40 15 26 32 28

TABLE V: DATA OF SURVEY SETTLEMENT IN TRANSVERSE DIRECTION OF 

SHAHEED ABDUR RAB SERNIABAT BRIDGE, BARISHAL, BANGLADESH - EAST 

ABUTMENT

Distance

(ft)

Settlement(mm)

F G H I

0 20 35 37.5 40

6 10 12 13.5 15

12 16 14 20 26

18 15 30 31 32

24 14 14 21 28

Visual inspection carried out at Shaheed Abdur Rab 

Serniabat Bridge, East Abutment, Barishal, Bangladesh

(shown in Fig. 7) indicated differential settlements was 1.304 

inches in longitudinal direction(data used are given in Table 

IV) and 1.110 inches in transverse direction(data used are 

given in Table V). The Distance vs. Settlement Graph 

longitudinal is shown in Fig. 8 and The Distance vs. 

Settlement Graph transverse is shown in Fig. 9.The survey 

indicated differential settlement of about 0.394 to 1.575 

inches near abutments (within 8 feet) in longitudinal direction. 

The transition slope (differential settlement divided by 

approach length) was calculated to be about 0.074 to 0.394 

inches per foot for the east abutment of Shaheed Abdur Rab 

Serniabat Bridge, East Abutment, Barishal, Bangladesh.

Fig. 8. Distance vs. settlement graph (shaheed abdur rab serniabat bridge, 

barishal, bangladesh - east abutment, longitudinal).

Fig. 9. Distance vs. settlement graph (shaheed abdur rab serniabat bridge, 

barishal, bangladesh- east abutment, transverse.)

Fig. 10. Distance vs. settlement graph (shaheed abdur rab serniabat bridge, 

barishal, bangladesh - west abutment, longitudinal).

Visual inspection carried out at Shaheed Abdur Rab 

Serniabat Bridge, West Abutment, Barishal, Bangladesh

indicated differential settlement was 1.284 inches in 

longitudinal direction(data used are given in Table VI) and 

1.354 inches in transverse direction(data used are given in 

Table VII). The Distance vs. Settlement Graph longitudinal is 

shown in Fig. 10 and The Distance vs. Settlement Graph 

transverse is shown in Fig. 11.The survey indicated 

differential settlement of about 0.472 to 1.654 inches near 

abutments (within 8 feet) in longitudinal direction. The 

transition slope (differential settlement divided by approach 

length) was calculated to be about 0.123 to 0.354 inches per 

foot for the west abutment of Shaheed Abdur Rab Serniabat 

Bridge, West Abutment, Barishal, Bangladesh.

Comparing these graphs it can be observed that, in most 

cases the differential settlement occurs at mid portion. This

can be said to be the most critical location. Typically, the 

settlement at these critical locations are attributed to a 

multiple number of causes; however, the causes that create the 

greatest magnitudes of movement are typically due to 
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improper compaction of backfill behind the abutment, 

deformation of cohesive soils within the embankment, 

deformation of weak foundation soils, and poor drainage of 

newly placed fills. In order to control or prevent some of these 

problems, numerous mitigation methods have been 

considered.

TABLE VI: DATA OF SURVEY SETTLEMENT IN LONGITUDINAL DIRECTION 

OF SHAHEED ABDUR RAB SERNIABAT BRIDGE, BARISHAL, BANGLADESH -

WEST ABUTMENT

Distance

(ft)

Settlement(mm)

A B C D E

2 12 15 18 15 15

4 20 22 20 35 28

6 22.5 28.5 30 38.5 29

8 25 35 40 42 30

TABLE VII: DATA OF SURVEY SETTLEMENT IN TRANSVERSE DIRECTION OF 

SHAHEED ABDUR RAB SERNIABAT BRIDGE, BARISHAL, BANGLADESH -

WEST ABUTMENT

Distance

(ft)

Settlement(mm)

F G H I

0 12 20 22.5 25

6 15 22 28.5 35

12 18 20 30 40

18 15 35 38.5 42

24 15 28 29 30

Fig. 11. Distance vs. settlement graph (shaheed abdur rab serniabat bridge, 

barishal, bangladesh - west abutment, transverse).

V. CONCLUSION AND RECOMMENDED MITIGATION 

METHODS

TABLE VIII: SUMMARIZATIONS OF MITIGATION METHODS OF BRIDGE

APPROACH SETTLEMENT

Cause Mitigation Method

Deformation of Backfill

More Stringent Backfill and Compaction 

Specification

Lightweight Fills

Scheduling a Delay in Construction Work

Reinforced Concrete Approach Slab

Deformation of Foundation 

Soil

Removal and Replacement of Weak 

Foundation Soils

Ground Improvement (mechanical or 

chemical)

Surcharging

Supporting Embankment on Deep 

Foundations

Drainage

Flatter Side Slopes

Backfill and Surface Drains

Diverting Water away from the Abutment

Increasing Surface Drainage

Maintaining Watertight Joints

For this study it can be concluded that the critical place of 

settlement is the mid portion of the approaches. This results 

due to the poor lane management that exists in Bangladesh. 

Heavy trucks normally do not use the lanes in a manner which 

is normally used in developed countries. Again, the axle load 

limits are poorly controlled as a result excessive settlement 

usually occurs in bridge approaches in Bangladesh and bumps 

are very common. It is apparent from the literature review and

data analysis carried out in this research that the three major 

causes of bridge approach settlement are: deformation of 

backfill, deformation of foundations soils, and poor drainage. 

The summarization of the mitigation methods of bridge 

approach settlement are given below at Table VIII.
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