
Chapter 10 Bridge Substructure and Approaches 

 

Bridge Pier support the spans of the bridge and transfer the loads from superstructure to the 
foundation. Piers should be strong enough to take the both vertical and horizontal load. Its 
main function is to transfer the load from the bridge superstructure foundation below it. They 
are subjected to huge axial loads and bi-axial moments and shear forces in transverse and 
longitudinal direction. Said that, pier are usually compression elements of a bridge. Piers are 
referred as Bents aswell. 

 

Types:- 

 Solid Piers.  

 Open Piers. 

 Masonry Piers.  

 Mass Concrete Piers. 

 Reinforced and Prestressed Concrete Piers.  

 Fixed Piers. 

 Free Piers.  

 Hammerhead or Cantilevered Piers. 
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1. Solid piers: 

These piers have solid and impermeable structure. The generally used materials used for the 
construction of these type of piers are bricks, stone Masonry, mass concrete or RCC, etc. They 
may be further classified as: 

1. Solid masonry piles 
2. Solid RCC piles 
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Solid Masonry piers: 

 

Solid Masonry bridge pier under steel bridge 

The piers which are constructed with brick masonry, stone masonry, concrete etc. are known as 
solid masonry piers. Sometimes it is seen that in solid masonry piles the outer portion is 
constructed with the stone masonry and the inner part is filled with the help of mass concrete. 
In this way it can save the cost of construction. 

Solid RCC Piers: 

The solid piers which are constructed with the reinforcement are called RCC piers. These piers 
are generally rectangular in cross-section and are generally used where the height of the piers 
are more and the solid masonry piers will not be strong enough to bear the load and can be 
uneconomical. 

2. Open piers 

The piers which are open i.e which allows the water to pass through the structure are called as 
open piers. Open piers can be classified into the following types: 

1. Cylindrical piers 
2. Column bents 
3. Trestle piers or Trestle bent 
4. Pile bents 
5. Special or typical framed piers 

https://civildigital.com/pamban-bridge-the-crown-of-south-indian-railway/
https://civildigital.com/steel-structures-vs-concrete-structures-complete-comparison-of-steel-concrete/
https://civildigital.com/bridge-pier-types-bridge-piers-requirements-bridge-piers/solid-masonry-bridge-pier-under-steel-bridge/


Cylindrical piers: 

The piers which are constructed with the mild steels or cast iron cylinder in which the concrete 
are filled are known as cylindrical piers. These are used for bridges having moderate height. 
Sometimes horizontal and diagonal steel bracing are also provided for additional stability. 

Column piers or column bent: 

 

Circular Portal Pier 

These are generally used for the bridges of large height. These are generally constructed over 
barge services. 

Trestle piers or Trestle bent: 

It consist of column with bent cap at the top. As per the latest recommendation the hinges may 
also be provided. It is generally used for flyovers and elevated roads. These are suitable for 
bridges where water current is slow and river bed is sufficiently firm. 

Pile piers or Pile bents: 

These are used where the ground is unstable and the low piers are required. In these type of 
piers number of steel or RCC piles are driven into the ground provided with the cap at their top 
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to support the main girder. It is the common variation of multicolumn bent. It is generally used 
for the type of bent on low height and short span structure. 

Typical Framed Piers: 

These are the latest type of piers used in the bridges. In these piers the effective span length for 
girders get reduced. Hence the construction will be economical. The disadvantage of these type 
of piers is the accumulations of debris e.g falling trees large floating materials, etc. 

Classification of Bridge Piers based on Force Transfer Mechanisms 

Based on the type of forces the pier is subjected to, bridge piers are classified as Fixed and Free 
piers. In a most simple explanation, the piers supporting a fixed bearing are called fixed piers 
and those supporting free bearings are called free piers. Fixed piers are subject to transverse 
and longitudinal forces whereas free piers transfer only axial forces from the bearing to the 
foundations. For multispan bridges, the number of fixed and free piers depend on the the 
length of bridge, size of pier and magnitude of long & trans forces superstructure can be 
subjected to. For regular multispan continuous bridges under 200-300m one fixed pier is 
provided. 

Some other types of bridge piers 

Hammerhead piers: 

 

Hammer Head Pier 
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It is also called as solid shaft piers. It have a single solid concrete cross section that support the 
cap. In this pier, it is seen that the major axis of the pier and the direction of steam flow is 
approximately same. It is recommended to use circular or small rectangular cross section when 
the flow is not in the same direction as the major axis. Spread footing are generally used for this 
type of piers. 

Multicolumn or Pile bent: 

 

Pile Bent Pier 

It has two or more column that support the cap. There is a problem of debris collection when 
the water is allowed to flow between the columns. Combined footing may be used where the 
column spacing is less & isolated footing where the spacing is greater. It also known as frame 
bent. 

Images of Special piers 
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Special Shaped Bent 
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V Pier at Wilson Bridge bridge 

 

V Shaped Steel pier 

 

 

 

 

Requirements of Bridge Piers 

 It should effectively transfer loads from Superstructure to foundation without failure. 
 It should withstand all force actions 
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 The material for the piers should be easily available 
 It should have pleasant appearance. 
 Its design should be simple. 
 The piers should be durable against weathering, impacts and corrosion. 
 The cost of construction should be cheap. 
 It should have minimum repair and maintenance cost 
 It should have stability against the lateral and longitudinal force actions, viz. Seismic, Wind, Ice, 

Currents, Impacts. 

The loads and forces with which the piers are to be designed are: 
i) Self weight of pier. 

ii) Dead loads from adjacent spans and live load reactions either from one or from both spans 
whichever produces maximum effect. 

iii) Buoyancy effect on the piers owing to pore pressure (usually taken as 15 per cent) 

iv) Horizontal force due to temperature effect and tractive or braking effect acting on the top of 
pier. 

v) Horizontal force due to water-current acting on the pier at the centre of gravity of the water 
pressure diagram. 

vi) Horizontal force due to wind acting on the superstructure and the pier at the centre of 
gravity of the respective wind pressure diagram. 

vii) Centrifugal force acting on the pier when the bridge is on a curve. 

viii) Horizontal force due to seismic effect on the superstructure as well as on the pier acting at 
the respective centre of gravity. 

 

 

 

A bridge's abutment is a support structure used to distribute weight and connect it to an 
embankment. This lesson introduces the component parts, the four primary types, and six 
additional classifications used to further define the abutments. 

Components of an Abutment 

Bridge Seat: This horizontal shelf supports the bridge deck and is near, or on, the top of an 
abutment. On the embankment, these will hold the end of a span, while those placed along a 



span will provide support to reduce extended stress. In the diagram, the shelf is represented in 
the diagram by the letter A. 

Wing Walls: These are only included in abutments that connect to the embankment. They are 
short retaining walls to prevent erosion and add stability. Wing walls are visible in the right half 
of the image and are not included in the diagram. 

Backwall: Also only included in embankment abutments, backwalls rise above the seat to 
provide a horizontal brace from the bridge deck and reduce erosion at the connecting point. 
The backwall is represented in the diagram by the letter B. 

Pile: An abutment's pile can either be a vertical wall connecting the seat with the foot or a row 
of columns that serve the same purpose. On an embankment, the vertical wall structure 
provides a retaining wall, while mid-span abutments use more cost-effective columns. The pile 
of an embankment abutment is represented by the letter C in the diagram. 

Footing: This part of an abutment connects the vertical, load-bearing portion of the abutment 
to the ground and is usually buried beneath the earth. It consists of a horizontal surface, 
sometimes wider than the bridge, to distribute the weight. Finally, the foot is represented by 
the letter D in the diagram. 

Four Types of Bridge Abutments 

Let's take a few moments to look at the four types of bridge abutments. 

1. Typical Gravity Abutment 

The typical gravity abutment is the most common type of abutment, and it includes the bridge 
seat, backwall, footing, and wing walls to hold the bridge's deck while including a retaining wall 
for the embankment. Usually, the wing walls are placed parallel to the bridge seat or at a slight, 
backward angle into the embankment. 

2. U-Abutment 

This U-abutment is a form of abutment that differs from a gravity abutment in the angle of the 
wing walls. These are placed at a perpendicular angle to the bridge seat, extending toward the 
embankment and away from the bridge. 

3. Spill-Through Abutment 

Spill-through abutments usually support the bridge periodically through its span. While they do 
not include wing walls or a backwall to retain the embankment, the deck rests on a beam 
supported by columns or a short wall. Water or roadways are able to pass between the 
supports. The length of the support structure varies to accommodate the distance between the 
level bridge and the changing terrain below. 



4. Pile Bent Abutment 

The pile bent abutment is a variant on a spill-through abutment that replaces the wall-like 
supports with a series of piles, or columns, to hold the support beam. 

 

Classification of wing walls[edit] 

Wing walls can be classified according to their position in plan with respect to banks and 
abutments. The classification is as follows: 

1. Straight Wing walls: used for small bridges, on drains with low banks and for railway 
bridges in cities (weep holes are provided). 

2. Splayed Wing walls: used for bridges across rivers. They provide smooth entry and exit 
to the water. The splay is usually 45°. Their top width is 0.5 m, face batter 1 in 12 and 
back batter 1 in 6, weep holes are provided. 

3. Return Wing walls: used where banks are high and hard or firm. Their top width is 1.5 m 
and face is vertical and back battered 1 in 4.[2] Scour can be a problem for wing walls 
and abutments both, as the water in the stream erodes the supporting soil.[3] 

 

Wing walls provide smooth entry of water into the bridge site and provide support and protect 
the embankment. Wing walls can serve as buttresses to support walls.[4] They can also be 
purely decorative.[5] 

 

Bridge approaches 
At bridge approaches where the embankments were constructed over soft ground, the ground 
would settle during the course of construction and continue to settle after completion of the 
work. This embankment settlement would have an adverse impact on the adjacent piles 
supporting the bridge abutment and would also cause settlement of the pavement connecting 
to the bridge abutment, resulting in loss of serviceability. 
To eliminate the impact of embankment settlement on the abutment piles, a nest of driven 
piles consisting of timber piles (0.3 m toe diameter) or precast concrete piles (0.4 m2 × 0.4 m2) 
was installed on a 2 m c/c square grid in the area adjacent to the abutment. A series of pile caps 
(1 m2 each) overlain by a layer of geotextile-reinforced rock mattress (0.75 m thick) was placed 
over the piles to form an effective bridging layer to transfer the embankment loads on to the 
piles. These piles then carried the full embankment loads and, as a result, negligible ground 
settlement would occur. This method allowed for earlier construction of the abutment piles 
and, thus, earlier completion of the bridges to allow haulage and construction traffic through 
the alignment. 
There was a potential for large differential settlements to occur at the interface between the 
piled and nonpiled embankment. Heavy surcharge (2–3 m high) and closely spaced wick drains 
(0.8–1.0 m c/c) were used to overconsolidate the ground next to the piled embankment. This 
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allowed for accelerated consolidation and reduction in long-term creep settlement of the 
nonpiled embankment. In addition, a layer of geotextile-reinforced rock mattress (0.9 m thick) 
immediately below the pavement together with reinforced concrete pavement was constructed 
after surcharge removal across the interface between the piled and nonpiled embankments to 
allow for smooth transitions of the pavement during its design life of 40 years. 
This was an integrated solution combining treatments of the foundation soil, the embankment, 
and the pavement. The method controlled the differential settlement at the bridge abutment 
and allowed for early construction of the bridge. It was proved to be cost-effective and satisfied 
relevant design criteria for bridge approaches. A schematic arrangement of the bridge approach 
treatment is shown in Fig. 
 

 

 

Bridge approaches typically experience two types of settlement, global and local. Global 
settlement consists of a consolidation of the underlying natural foundation soils, and is 
evidence of possible long-term differential settlement between the bridge structure and 
the bridge embankment. 

A.    General 

  Bridge approaches typically experience two types of settlement, global and local.  Global 
settlement consists of a consolidation of the underlying natural foundation soils, and is 
evidence of possible long-term differential settlement between the bridge structure and the 
bridge embankment.  Local settlement consists of compression of fill materials directly beneath 
the approach pavement, and is evidence of possible embankment consolidation within the 
upper 10 to 20 feet of the bridge embankment.  It is the combination of global and local 
settlements adjacent to the bridge end piers that forms the characteristic “bump” in the 
pavement at the bridge ends.  The purpose of the bridge approach slab is to significantly reduce 
local settlement and to accommodate global settlement by providing a gradual transition 
between the roadway and the bridge deck. 

  Bridge approach slabs are required for all new and widened bridges, except when concurrence 
is reached between the Materials Laboratory Geotechnical Branch, the Region Design Project 
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Engineer Office, and the Bridge and Structures Office, that approach slabs are not appropriate 
for a particular site.  In accordance with WSDOT Design Manual Chapter 1120, the State 
Geotechnical Engineer will include a recommendation in the geotechnical report for a bridge on 
whether or not bridge approach slabs should be used at the bridge site.  Factors considered 
while evaluating the need for bridge approach slabs include the amount of expected settlement 
and the type of bridge structure. 

 B.    Bridge Preliminary Plan 

  All bridge preliminary plans shall show approach slabs at the ends of the bridges.  In the Notes 
to Region in the first submittal of the Preliminary Plan to the Region, the designer shall ask the 
following questions: 

  1.     Bridge approach slabs are shown for this bridge, and will be included in the Bridge 
PS&E.  Do you concur? 

  2.     The approach ends of the bridge approach slabs are shown (a) parallel to the back of 
pavement seat (b) normal to the survey line (the designer shall propose one alternative). 
          Do you concur?   
 
  3.     Please indicate the pavement type for the approach roadway. 

  Depending on the type and number of other roadway features present at the bridge site (such 
as approach curbs and barriers, drainage structures, sidewalks, utilities and conduit pipes) or 
special construction requirements such as staged construction, other questions in the Notes to 
Region pertaining to the bridge approach slabs may be appropriate. 

  Special design conditions exist when the skew of the bridge pavement seat is greater than 30 
degrees, and for wide roadway widths (including bridge widenings with or without existing 
bridge approach slabs).  The preliminary plan shall include details showing how these 
conditions are being addressed for the bridge approach slabs, and the designer shall include 
appropriate questions in the Notes to Region asking for concurrence with the proposed design. 

  BRIDGE DESIGN MANUAL 

Miscellaneous Design                                                                             Miscellaneous Highway 
Structures Design 

  C.    Bridge Approach Slab Design Criteria 

  The current standard plan for bridge approach slabs is based upon the following design 
criteria: 



  1.     The bridge approach slab is designed as a slab in accordance with Section 4.6 of the 
AASHTO LRFD Bridge Design Specifications – U.S. Units, Second Edition 1998 
          and current interims (Strength I loading, IM = 1.3, no skew). 

  2.     The end support is assumed to be a uniform soil reaction with a bearing length that is 
approximately 1/3 the length of the approach slab (25/3 = 8 feet). 

  3.     The Effective Span Length (Seff) is assumed to be:   
          25 feet  -  (25 feet/3)/2  -  10 inches  =  20 feet   
 
  4.     Longitudinal steel reinforcing bars do not require modification for skewed applications. 

  5.     See Bridge Design Manual Section 9.3.2 for a slab reaction applied to the pavement seat 
that assumes Seff = 20’-0”. 

  6.     The maximum skew accommodated by the standard design is 30 degrees. 

Design circumstances that vary from the above design criteria may require revisions to the 
details shown in the standard plan.   

D.    Bridge Approach Slab Details in Bridge Plans 

  The bridge approach slab shall be shown in the PLAN view of the LAYOUT sheet.  The set of 
Bridge Sheets shall also include the two sheets of approach slab details (Bridge Design Manual 
Detail Sheets 8.3-A13 and 8.3-A14), modified as appropriate to match the site conditions of the 
bridge.  Additional details to address special roadway features and construction requirements 
(such as approach curbs and barriers, drainage structures, sidewalks, utilities and conduit pipes, 
stage construction, wide roadway width, and skew greater than 30 degrees) should also be 
included. 

  Bridges for local agency projects may reference Standard Plan A-2 in place of Bridge Design 
Manual Detail Sheets 8.3-A13 and 8.3-A14. 

  The bridge approach slab width shall be curb to curb of the outside bridge barriers (traffic 
barrier or pedestrian barrier).  This means, if sidewalks and interior barriers (such as traffic-
pedestrian barriers) are present, special details will be required in the Bridge Sheets to show 
how the sidewalks and interior barriers are connected to and constructed upon the bridge 
approach slab. 

  BRIDGE DESIGN MANUAL 
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  Approach slab anchors installed at bridge abutments shall be shown in the Bridge Sheets.  For 
bridges with semi-integral type abutments, this can be accomplished by showing the approach 
slab anchors in the End Diaphragm or Pavement Seat details.  For bridges with L type 
abutments, this requires adding the detail shown below to the end pier Bridge Sheets.  The 
approach slab anchor for bridges with L type abutments shall be a #4 bar at one foot spacing, 
bent as shown, with 1’-0” embedment into both the pier and the bridge approach slab.  This bar 
shall be included in the bar list for the bridge substructure.   
 

 

For bridges with skews greater than 30 degrees, the approach end of the bridge approach slab 
shall be normal to the roadway centerline.  Also for bridges with skews greater than 30 degrees, 
additional steel reinforcing bars shall be added to the acute corners of the bridge approach 
slabs, as shown in the detail below.  The flared corner steel shall be 10 feet long, epoxy coated, 
and placed on top of the top layer of steel. 

  Bridge approach slabs for skewed bridges of 
significant width (three lanes or more) may have 
the approach end of the bridge approach slab 
stepped or staggered to reduce the size of the slab 
or to accommodate stage construction. 



  

Semi-integral type abutments should not be designed for contributory expansion lengths 
greater than 200 feet (point of fixity to joint) because large expansion movements and highly 
skewed joints may require compression seals larger than the 2-1/2 inch compression seal 
shown on the Standard Plan.  

  

Bridge deck surface drainage shall be carried off and collected beyond the bridge approach 
slab.  Drainage structures such as grate inlets and catch basins shall be located in accordance 
with Standard Plan A-4 and the recommendations of the Hydraulics Office.  If bridge deck 
surface drainage must be collected at the back of pavement seat, the drainage structure shall 
be a bridge grate inlet (See Bridge Design Manual Detail Sheet 8.4-A4).  

 

Questions 

1. What is pier? Explain the significance of pier in construction of bridge. 

2. What is abutment? Explain the significance of abutment in construction of bridge. 

3. What is approach? State the advantages of approach. 

4. Define pier with all their cmpnents. 
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