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Pntroduction———— ", =
Background

A bridge is a structure which is built over obstacles such
as rivers, valley, gorges ,... exist and its purpose is to
provide crossing over that obstacle.

Bridges are constructed primarily to carry
communication routes over an obstacle.

Bridges are key elements of the road network by
desirable quality of their strategic locations and
important component in the transportation
infrastructure of nation.

Bridges provide a critical link for transportation systems
and economic growth.
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1. Introduction—— e,
_n--"'—/
Background

Bridge Engineering covers :

Planning, design (preliminary design phase and Final
design phase), construction and operation of structures
that carry facilities for the movement of humans,
animals, or materials over natural or created obstacles.

The History of development of bridges 1s closely
linked with the history of human civilization.
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Historical Development

The History of development of bridges i1s closely linked with the

history of human civilization.

e The world’s first modern cantilever bridge (129 m) was built in
1867 across the river Main at Hassfurt, Germany.

e The world’s most famous cantilever bridge is the Firth of Forth
bridge in Scotland, spans of 521 m, built in 1889.

e The world’s longest span cantilever bridge was built in 1917 at

Quebec, over the St. Lawrence river, with a main span of 549 m.
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e —Fthiopia is one of a mountainous country in Africa.

|

» Topographic condition: rough terrain, deep gorges,
rivers, .....

* Roads without constructing crossways is difficult. Thus,
Bridges are vital structures required during roads
construction.
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Hlstorlcal Development of Brldge In EtthPla

e During the period following Fasiladas (after 1667) it is said that
many bridges were constructed in Gonder and Lake Tana area.
e During the Italians occupation (1935-1941) numerous bridges was

initiated and constructed.

Number of bridges were constructed by Italians during 1935-1941 :
» Assab-Serdo-Dessie road —80 major bridges were constructed

« Asmara-Addis road up to Debre Sina —24 major bridges were
constructed

« Tekezie to Tanna 52 major bridges were constructed
« Addis to Mille-50 major bridges were constructed
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Bridge Constructionin-Ethiopia~~ ==

On Blue Nile near Alata, Almeida Bridge, thick log 1s placed.
(The 15t Bridge)

The first stone bridge constructed in Ethiopia by the
Portuguese on path leading to the Blue Nile Falls (Portuguese
Bridge was constructed around 1625)

Abay No.4 bridge was constructed in 1959 (13 span RC
girder bridge — located 1n Bahir dar)

For instance in Addis Ababa, Kebena and Ras Mekonnen
(1902) bridges were constructed.
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The first stone bridge constructed in Ethiopia by the Portuguese
(on path leading to the Blue Nile Falls)

Bridge between Gonder and Gojam- Portuguese Bridge (was built in around 1625)
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dge Construction in Et

* 1935-1941 — Many Bridges were constructed during Italian’s

occupation and serving for more than 7 decades

* During the last 30 years (many

bridges were constructed)

+ Slab ,T- and Box Girder bridges

made using RC, are the most

Jewha Bridge 1s constructed in 1938.
The Bridge is located at 237.7Km from

Ethiopia.(almost 85%) A.A in Robit- Ataye road segment.

commonly used bridges in
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* Most of the bridges so far constructed in the country have

now been widened and replaced
1. due to their roadway widths were too restrictive for the safety of
accommodating modern traffic.
2. due to aging, currently they are not capable & suitable to the

current traffic flow and heavy loads, reduction in load carrying

capacity and accidental impact. |

Bedessa Bridge -The bridge is Masonry
Arch and extended slab bridge on both
sides.The bridge is located at 127.02Km

from A. A in D/Berhan — Gudoberet road
segment.
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Bridges by year of construction

-

(Bridges along Federal road Network)

1200

1007

1000

800 731

600
507

400

200
200
11
(o]
o

286

—

q) 1 |O |O |o |O IO |o IQ)
SRR S R e e e
La@ 92\ —_ QH = 9|—< 9(\] 8(\1 o T
A N S

Almost 40% of the bridges are found 1n fair & bad conditions
ERA (Ethiopian Roads Authority) Data ERA-BMS Software (as of 2018)
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Total No. of Bridges= 4,378 (as of 2018)

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



Steel Bridge

Masonry Arch
10.65%

PC Deck Girder
0.42%

1.46%

PC BOX Girder
0.19%

RC Box Girder
1.85% 1.22%

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



e —

—

Major Bridges in'Ethiopia

,'/

Bridge Name

No. Type Length | Year Remark
1 | Tekeze RC Deck Girder 424 2014
2 | Blue Nile RC Deck Girder and 355 2010 Along Sherkole-
Abay Bridge No. 7 Steel Bridge Blue Nile road
segment (Asossa)
3 | Beshilo RC Deck Girder 319 2002 7-span
4 | Hidasse Extradose, PC 303 2009 3-span
Abay Bridge No. 6
5 | Tekeze Steel Truss 280 2001 The longest steel
Bridge
6 |Baro RC Deck Girder 276 1981 Multi span bridge
7 | Abay Bridge No.5 PC Box Girder 236 1992 Variable depth of
Box Girder
8 |Abay Bridge No. 4 | 13-span RC Girder 184 1959 Bahir Dar

connecting Gojam
and Gondar
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Tekeze Bridge
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Abay No. 4 Bridge 13-span RC Girder (184m)
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The Bang Na
Expressway 1s one of the

longest road bridges in e P il gn!A!.ﬁE'
the world (54,000 m) e e NS
Completed in 2010 A W e ——
It 1s the 6th longest |
bridge in the world

*Rank 1-5 are RW
bridges
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The world's longest suspension bridges are listed
according to the length of their main span (i.e. the length of
suspended roadway between the bridge's towers). The
length of main span is the most common method of
comparing the sizes of suspension bridges.

The Akashi Kaikyo Bridge has the longest central span of
any suspension bridge.
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Alkashi Kaikvd Bridge, Japan
Main span=1,991m
Year opened=1998

'5."."5.'5" B e T R A A A A A A S e S

Second Humen Bridge [zh] (East main

span), China
Main span=1,688m
Year opened=2019

Xihoumen Bridze, China

B

Main span=1.650m
Year opened=2009

Great Belt Bridee., Denmark

Main span=1,624m
Year opened=1998

e

Osman Gazi Bridge. Turkey

Main span=1,550m
Year opened=2016

The world's longest
suspension bridges
1- Japan

2-China

3-China
4-Denmark
S5-Turkey
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Investigation for Bridge Site




The aim of the investigation 1s to select a suitable site from possible
alternative at which bridge can be built economically ,at the same time

satisfying the demands of safety, traffic ,the stream ,and aesthetic.

To achieve this field surveys and gathering of information on lists below is

required
= the proposed road alignment
= the local terrain and site condition
» the required design life of the bridge

= the likely traffic volumes and the resources available for the project

32
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2. INVESTIGAFION FOR' BRIDGE SIFE~
Bridge Site Selection

-

Preliminary Survey

Objective to study more than one alternative bridge sites by using topographic

map.
Selection of Bridge Site

There are three initial consideration to bear in mind in selection of the bridge
site :
= A bridge site must offer appropriate vertical and horizontal alignment

(skew angle above 20° should be avoided due to increased bridge cost)

33
AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



2 INVESTIGATIONFOR BRIDGE SITE

Bridge Site Selection

In locating a bridge crossing the following should be
considered

» The reach of the river should be straight

The channel in the reach should be well defined (Used
mainly for the flood analysis)

The crossing site should be as narrow as possible

The crossing site should have firm high banks which are
fairly inerodable.

The site should be selected where skewness can be avoided
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__—River Survey ==
Information required by the designer for analysis and design
include not only the physical characteristics of the land and
channel, but all features that can affect the magnitude and

frequency of the flood flow which will pass the site under study.

These data may include climatological characteristics, land runoff

characteristics, high water marks ...

High water marks can be obtained from: the hydrologic
characteristics of the basin or watershed of the stream under study
are needed for any predictive methods used to forecast flood

flows, gauges or from local people.
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e e Soil Investigation

Once the Engineer has identified a likely site for the bridge,
he/she needs to obtain field information on the catchment area
and run off, local terrain, river conditions and water levels,
navigational and other clearance requirements, and soil
information.

Once at the site it is easy and of great value to sample for soil,
rock, stone, water, etc.

- Soil investigation is required to get soil
profile, engineering property of the foundation material
and foundation level of the abutments and piers for
design of the foundation.

- boreholes, test pits or geophysical surveying shall be
conducted
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P SOile@tigation —

= Its soil must have sufficient strength to ensure stability of the
structure

= The bridge and its associated works should not have an adverse
impact on adjoining land or building ,or be susceptible to damage
from/to the local environment

For a river crossing it is important to identify the type of river to be
crossed . There are two types of rivers namely alluvial and incised.
* Alluvial rivers are winding and they erode their banks and scour

their beds; They are continually active, scouring and depositing

materials on the banks and transporting sediments.

* Incised rivers have a relatively stable banks and arc generally

narrower and deeper than alluvial rivers.
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~— Soil Investigat
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= Soil investigation Studies should provide the following

Information:

* Sclection of the type and the depth of foundation suitable for a

given structure.
* Evaluation of the load-bearing capacity of the foundation.
* Estimation of the probable settlement of a structure.

* Establishment of ground water table.
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Data Cellection ——— B
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Once the engineer has identified a likely site for the bridge, it is

necessary to obtain field information on the catchment area and

run off, local terrain , river conditions and water levels, and soil

information.

Factors that most often need to be confirmed by field
inspection

High-water marks or profile and related frequencies
Evaluation of apparent flow directions and diversions,
Flow concentration (main stream)

Observation of land use and related flood hazards , and

Soil conditions
39
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'Field-Sketching and Photos ———— ———— —

It has proved very practical to make a simple sketch of the bridge
site with approximate water shores, existing structures, scour
holes, main stream location, etc including very rough dimensions
with approximate measurements.

Drawings
e Index Map - showing the proposed location of the bridge, the

alternative bridge sites investigated and rejected, towns and
villages 1n the vicinity and the general topographic of the area.

e Contour Survey Plan- of the river showing all topographic
feature for a sufficient distance on either side of the site to give
indication of the features.

e Site plan - showing the details of the selected site and of the
stream to a distance of 100 to 200m upstream and downstream of
the selected site.
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Hence, the investigation of potential sites and alignments is a vital and integral part of the
location, design and construction of a road and its associated structures. It provides

essential information on the following:

e (Characteristics of the soils along the possible alignments;

e Availability of construction materials;
e Topography;

e [and use;

e Environmental issues; and

e Socio-political considerations.
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_ERA Site Investigation Manual

"'#ﬁ:ypical uses of the information are;

e Selection of the route/alignment of the road;

e [ocation of water crossings and drainage structures;

e Provision of design information for the road pavements, bridges and other
structures;

e Identification of areas of possible geotechnical problems requiring specialist
investigation;

e Identification of areas of possible problem soils requiring additional investigation
and treatment;

e Location and assessment of suitable, locally available, borrow and construction
material.

1.4 Stages of Site Investigation

Some form of site investigation is required at all stages in the development of a road project.
In general there are four stages leading up to and including Final Engineering Design. These
are;

1 Identification and general planning;

2 Pre-feasibility study;

3 Feasibility Study or Preliminary Engineering Design;
4  Final Engineering Design.
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S Span Determination —

Span determination 1s usually dictated by the hydraulic
requirement. However, there are conditions where lengthen
spans are chosen for the sake of road alignment.

1. Economical Span

Structural types, span lengths, and materials shall be selected
with due consideration of projected cost. The cost of future
expenditures during the projected service life of the bridge
should be considered. Regional factors, such as availability of
material, fabrication, location, shipping, and erection
constraints, shall be considered.

(For a given span the most economical span is the length at which
superstructure cost equals to substructure cost.)
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2 Hydraulic requirement (DEELOFL)=

e Bridges are designed to accommodate design discharge at
design flood. When a river has a wide flood plain, the
economical solution may be using short span bridge with
proper scour and erosion protection for the embankment,
abutments and piers.

Design flood 1s the maximum flow that can pass through the bridge with out
 Causing unacceptable disruption to traffic
« Endangering the pier and abutment foundation with scour
« Damaging approach embankments

* Causing flood damage on the upstream side of embankments
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Eﬁﬂmﬂtlng DesignFlood— "
" Flood Peak Discharge at Stream or River Location Depends upon:
= (Catchment Area Characteristics
* Size and shape of catchment area
* Nature of catchment soil and vegetation
* Elevation differences in catchment and between catchment and
bridge site location
= Rainfall Climatic Characteristics
* Rainfall intensity duration and its spatial distribution
= Stream/River Characteristics
* Slope of the river

 Baseline flow in the river

* River Regulation Facilities/ Dams, Barrages on the river

45
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~ Methods of Estimating Design Flood

* Empirical Methods
Q:C *A1/2

e Rational Formula
Q=C*I*A

* Velocity Methods (Manning formula)

1 L
Q = —AR’S?
n
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"3 Location of Piers ™

* Piers should be located in such a manner that they can provide the

required lineal waterway and navigational clearance.

* The alignment of piers and abutments should, if possible, be set

parallel to the direction of flow during maximum flood.

4. Free Board

* The waterway below the superstructure must be designed to pass

the design flood and the floating debris carried on it.

e These clearance measurements should be increased for backwater

effects when the flow is restricted by short span bridge.
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Road grade

Clearance

Flood plamn

Discharge (m’/s)

Free board (im)
0to3.0 0.3
3.0t030.0 0.6
30.0 to 300 0.9
=300 1.2
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5. Grade Requirement of the road

Often in mountainous areas the road way grade 1is
governed by the capacity of heaviest vehicle to climb,
vertical curve and sight distance. These requirements may

increase the span beyond the hydraulic requirement.

49
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~___Selection of Feasible site for Bridges/

To select an optimum and the most feasible site , different
options should be considered. The factors include:

e Geometry of Approach Road

e Approach Road Earth work volume and its impact
e Opening size

e ROW (Right of Way) and others

« The Right of way along the Bridge crossing option consists of
houses, fences and service lines.

Location of Bridge’s Crossing Options

In order to select the best crossing, the relevant geometric
design parameters of the approach road to the bridge crossing
have to be considered in line with an appropriate Geometric
Design manual.
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: Example
Alignment Option | Opening Size | General Remark
1 40.00 m Requires longer approach road fill and retaing
walls
2 80.00 m Requires lesser RW
3 120.00 m Reqguires longer RW and fill beside having large
cut prohibiting easy access on the Philipos
Church side
Options Cost for | Cost for Cost for Cost for Cost for Other Total
Earth Embankment Retaining Approach Bridge costs Cost
works wall Road structure
Pavement
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Chapter 3




~—— C(lassification of Bridges

Bridges can be classified on the basis of the following
Characteristics

e Functionality as Road bridge, Railway bridge, Pedestrian
bridge, military bridge, ...

e Construction material as Steel, Reinforced Concrete, Masonry,
Timber or combination of any two or more.

e Structural forms as Slab, T-Girder, Box
Girder, Arch, Rigid, cable stayed, Suspension etc.
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e Span type as simply support, continuous , cantilever.
e Movements as movable or fixed Bridges

e Arrangement as curved, skewed, inclined, straight, ..
e Life span as temporary, permanent

e Span length as short, medium ,large or extra large.

= L <4m (Culvert)

= 7m <L < 15m (Small span bridges)

= 16 <L <50m (Medium span Bridges)
= 50 <L< 150m (Large Span Bridges)

= [>150m (Extra Large Span Bridges)
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Highway Bridge "
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Structurat Forms

- Slab Bridges

- Girder (Deck girder Bridges)

- Box Girde

I

- Arch Bridges

- Truss Bric
- Rigid Brid

ges
ges

- Plate Gird

er Bridges

- Cable Stayed Bridges
- Suspension Bridges

- Box Cell/

Box culvert
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Slab Bridges
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Girder (Deck girder Bridges)
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Holeta Bridge (Steel Girder)
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Bridge Superstructure (U.S. Bridge Tour)
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_— Truss Bridge

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



Adaitu Bridge
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Steel deck plate Girder bridge







Cable Stayed Bridge :
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Pedestrian cable bridge over the Blue Nile River in Ethiopia
(completed in 2009)
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Akashi Kaikyo Bridge (1998)
Japan
199 Im central span
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~_Span Support S

This is on the basis of the Bridge’s support.

If all the spans of the bridge are simply supported
(a pinned support and a roller support )- Simple Span
Bridge

A bridge supported by combinations of more than two
pinned and roller supports - Continuous Span Bridge

A bridge that is built-in at one end and free at the other -
Cantilever Span Bridge
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~ Simple Span Bridge
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Multiple simple span bridge
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Hunched Girder:- One me method of increasing load capaat

/gin;def“/hile minimizing the we h;H haunches at the

2 supported ends
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Continuous bridge— Modjo Bridge
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e Cantilever bridge—Awash Bridge (Tulubolo)
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Particular-Problem of Selection —— —
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Different Manuals recommend different span lengths
to be criteria of selection of bridge types.

No clear demarcations on the selection of spans for
slab and T- Girder bridges if the span lies with in the
intervals on the basis of economy. This is a serious
design problem that Engineers face during selection of
bridge type.

Thus, in selecting bridge spans regional factors, such
as availability of construction material, fabrication,
location, transportation, erection constraints,
inspection, maintenance, repair, and/or replacement
shall be considered.
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~_Selection of BridgeType ——

Typically there are three to four viable structure types for

each span length. Criteria to select bridge include:

Geometric Condition of the Site
Subsurface Conditions of the Site
Functional Requirements
Economy and

ease of maintenance,

aesthetics, etc
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Economy:

e A general rule is that the bridge with minimum number of
spans, fewest deck joints and widest spacing of girders will be
the most economical.

e By reducing the number of spans, the construction cost of
one pier is eliminated.

Construction and erection considerations:
« In general, the larger the prefabricated or precast member,
the shorter the construction time.

- However, the larger the members, the more difficult they
are to transport and lift into place.

« The availability of skilled labour and specified materials
will also influence the choice of a particular bridge type.
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~Criteria used for Determination-of Location-of 2 Bridge

(Span and span arrangement)

Geometric requirements for bridges: These are the
requirements of the road alignment such as vertical and
horizontal curves including grade.

Environmental concern: bridge and its associated works
should not have an adverse impact on adjoining land or
buildings, or the bridge itself be susceptible to damage
from the local environment.

Legal  Considerations:  Applicable laws  like
environmental laws also govern the type of bridge.
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Bridges serve their function under different types of loads.

Loads determine the safety and serviceability of structures.
The Engineer must consider all the loads that are expected to

be applied to the bridge during its service life.
Type of Loads

Permanent Loads: Dead and Earth Loads

Transient Load: Live, Water, Wind

Dynamic Loads: Earthquake Loads

Force effects due to superimposed deformations (temp
gradient, shrinkage, creep, settlement, . .)

Friction Forces

Vessel Collision

Other stresses
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1. Permanent Loads
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l;ermanent loads are loads that are always present in or on the bridge and

do not change in magnitude during the life of the bridge. The LRFD

Specification refers to the weights of the following as “permanent loads”:
* The structure

*  Formwork which becomes part of the structure

Utility ducts or casings and contents

«  Signs

* Concrete barriers

»  Wearing surface and/or potential deck overlay(s)

 Other elements deemed permanent loads by the design

engineer and owner

 Earth pressure, earth surcharge and down drag
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1.1 Gravitational Dead Loads

= DC — dead load of all of the components of the superstructure

and substructure, both structural and non-structural.

=  DW —dead load of additional non-integral wearing surfaces,

future overlays and any utilities crossing the bridge.

= EV —vertical earth pressure from the dead load of earth fill.
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1.2 Earth Pressures
= EH - horizontal earth pressure.
= ES — earth pressure from a permanent earth surcharge
(e.g., an embankment).

= DD - loads developed along the vertical sides of a deep-
foundation element tending to drag it downward typically due to
consolidation of soft soils underneath embankments reducing its

resistance.
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2. Transient Loads —
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~"® Transient loads are loads that are not always present in or on the bridge
or change in magnitude during the life of the bridge. Specific transient

loads include :

2.1 Live Loads

= L — Static vertical gravity loads due to vehicular traffic on the

roadway
= PL — Vertical gravity loads due to pedestrian traffic on sidewalks.

= [M - dynamic load allowance to amplify the force effects of

statically applied vehicles to represent moving vehicles.
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=  BR - horizontal vehicular braking force.

= CE - horizontal centrifugal force from vehicles on a curved
roadway.

2.2 Water Loads

=  WA- pressure due to differential water levels, stream flow or

buoyancy.
2.3 Wind Loads

= WS - horizontal and vertical pressure on superstructure or

substructure due to wind

= WL - horizontal pressure on vehicles due to wind.
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=  EQ - loads due to earthquake ground motions.

=  CT - horizontal impact loads on abutments or piers due to vehicles or

trains.

=  CV - horizontal impact loads due to aberrant ships or barges.

2.5 Superimposed Deformations
» Force Effects Due to Superimposed Deformations: TU, TG, SH, CR, SE

=  Uniform temperature (TU )— uniform temperature change due to

seasonal variation. It is used to calculate thermal deformation effects.

=  Temperature Gradient (TG )- temperature gradient due to exposure of
the bridge to solar radiation. Temperature rise can differ on the top and

bottom surfaces of a bridge.
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= Differential Shrinkage ( SH ) — differential shrinkage
between different concretes or concrete and non-shrinking

materials, such as metals and wood.

= Creep (CR) - dependence on time and changes in

compressive stresses shall be taken into account.

= Settlement (SE) -the effects of settlement of substructure units
on the superstructure. This will cause internal forces in

continues structures.
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Dead Load
Dead load shall include the weight of all components of the
structure, appurtenances and utilities, earth cover, wearing

surface, future overlays, and planned widening. In the absence

of more precise information, the unit weights, specified in
AASHTQO, Table 3.5.1-1, may be used for the computation of
dead loads.
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- Dead Load

Densities and Force Effects of Different Materials

MATERIAL DENSITY (kg/m’) Force effect (kN/m”)
Bituminous Weanng Surfaces 2150 22.5
Cast Iron 7200 T
Cinder (volcanic stone) Filling 960 9.6
Compacted Sand. silt. or Clay 1925 19.3
Concrete Normal 2400 24
Loose Sand, Silt. or Gravel 1800 18
Soft Clay 1700 17
Rolled Gravel or Ballast 2250 22.5
Steel 7850 79
Stone Masonry 2723 7.3
Wood Hard 960 0.6
Soft 800 &
Water Fresh 1000 10
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~ Vehicular Live Loads ——

-

Vehicular live load is designated as HL-93 and shall consist of
a combination of the followings:

* Design truck or design tandem, and
* Design lane load

Except as modified in Article 3.6.1.3.1 of ERA Bridge Design

Manual, each design lane under consideration shall be
occupied by either the design truck or tandem, coincident with
the lane load, where applicable. The loads shall be assumed to
occupy 3000mm transversely within a design lane
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Vehicular-Eive Loads — v

Design truck:- consists of three axles, front and two rear axles
with front axle weighing 35 kN and two rear axles weighing 145
kN. The weights and spacing of axles and wheels for the design
truck shall be as specified in Figure 1 (HS-20 Loading). The
spacing between the two 145kN axles shall be varied between
4.3m and 9m to produce extreme force effects. A dynamic load
allowance shall be considered.

ERA Bridge Design Manual 2013, Articles 3.6.1.3.1 and 3.6.1.4.1

Design tandem:- shall consist of a pair of 110kN axles spaced

1200mm apart. The transverse spacing of wheels shall be taken

as 1800mm. A dynamic load allowance shall be considered as
specified in ERA Bridge Design Manual 2013, Article 3.6.2.
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Plan of Design Truck Load
showing tire contact areas

35kN 145 kN 145 kN

Il [ |
o o

8 kip (35 kN) 32 Kip (145 kN) 32 kip (145 kN)

290 250
'= 4.3m 4.3m to 9.0m =:
600 mm GEﬂel'al 5 AASHTO HL-93 Truck Tire Plan
300mm ]
Deck Overhang 1800mm
Design Truck Load
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Design Tandem Load
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The design lane load shall consist of a load of 9.3kN/m, uniformly
distributed in the longitudinal direction.

Transversely, the design lane load shall be assumed to be
uniformly distributed over a 3.0m width.

The force effects from the design lane load shall not be subject to a
dynamic load allowance. (AASHTO, ERA Design manual)

9.3 kN/m

Lane Load
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__Deuble Design Vehicutar-tive Loads

For negative moments and reactions at piers, the following
condition is also considered. Two design trucks are applied, with
a minimum headway between the front and rear axles of the two
trucks equal to 15m. The rear axle spacing of the two trucks is set
at a constant 4.3m. 90% of the effect of the two design trucks is
combined with 90% of the design lane load. This loading is
described in LRFD [AASHTO: Article 3.6.1.3.1].

90% of
Design Truck

90% of
Design Truck

72K 288K 3 288K 72K 288K § 288K

YYYVYVYVYYYVYVYVYVYVYYVVVYYVYYVYYVYVYYVYVVYYVYYVY
0.576 K/ft (90% of Design Lane Load)

WisDOT Bridge Manual, Jan 2019
State of Wisconsin
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Application of Design Vehicular Live Loads

Unless otherwise specified, the extreme force effect shall be taken as the larger of the following:

The effect of one design truck with the variable axle spacing specified in AASHTO Section

3.6.1.2.2, combined with the effect of the design lane load, or

(il
(iii)

The effect of the design tandem combined with the effect of the design lane load; and

For both negative moment between points of contraflexure under a uniform load on all spans

and reaction at interior piers only, 90% of the effect of two design trucks spaced a minimum
of 15.0m between the lead axle of one truck and the rear axle of the other truck, combined
with 90% of the effect of the design lane load. The distance between the 145kN axles of

each truck shall be taken as 4.3m.

145kN 145kN  35kN (a)
| 4.3 to 9.0m] 4.3m
{' ‘ " 9.3 N/mm
| i | I | l__
110kN 110kN (b)
1.2m
t J 9.3 N/mm
. i | ! | | i1 1 i
(c)
145kN  145kN  35kN  145kN  145kN  35kN
| 43m | 4.3m | 15.0m | 4.3m | 4.3m | .
‘ ‘ " “ l " N/mm
‘ | ] ] i ] } i |
-
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AACRA BDM -2004 article 5.3.2(c)
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Positions of Loads

The design truck or tandem shall be positioned

transversely such that the center of any wheel load is not
closer than:

For the design of the deck overhang -300 mm from the
face of the curb or railing, and

For the design of all other components -600 mm
from the edge of the design lane.
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The tire contact area of a wheel consisting of one or two tires shall be
assumed to be a single rectangle, whose width is 510 mm and whose
length is 250 mm.

The tire pressure shall be assumed to be uniformly
distributed over the contact area.

Axles that do not contribute to the extreme force effect under
consideration shall be neglected.

510 510
|
: |
510 510
| 1
: :
| I
i I
I I
; |
|
| |
|
| I
|
|
510 510
I
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___Peck Overhang Load (AASHTO Art. 3.6.1.3.4)

For the design of deck overhangs with a cantilever, not
exceeding 1800 mm from the centerline of the exterior
girder to the face of a structurally continuous concrete
railing, the outside row of wheel loads may be replaced
with a uniformly distributed line load of 14.6 N/mm
intensity, located 300 mm from the face of the railing.

Fatigue Load (AASHTO Art. 3.6.1. 4)

The fatigue load shall be one design truck or axles thereof
specified in Article 3.6.1.2.2, but with a constant spacing of
9ooo mm between the 145 kN axles.

The dynamic load allowance specified in Article 3.6.2 shall
be applied to the fatigue load.
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14'-0"

"
H-5 2,000 LBS. 8,000 LBS. (35.585kN)
(8.89kN) H5 Service Vehicle

As detailed in AASHTO LRFD Bridge Design Specifications,
with the walkway on the bridge being only 10 ft wide, the code
recommends using an Hs design service vehicle. Further, the
AASHTO code states that the service vehicle load is not applied
in combination to the pedestrian live load.
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Design Vehicle L t =
Clear Deck With Design Vehicle o a0 Ko .
Tto 10 feet HS HS 2.0 Kips 8.0 Kips
Over 10 feet HI( ) 140" .
S W =TOTAL WEIGHT OF S
o TRUCK AND LOAD S
0.1wW 0.4W
10001bs=1Kkips= 4.4482KkN
14°=4.3m
1’=0.307m 0.1W 0.4W

Maintenance Vehicle Configurations.
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Live Load of 50 psf

2.39kPa
For Clear Bridge Width of :
7Tit<w<10ft

AAIT CENG 5132 Fundamentals of Bridge Design

7.2kPa
For Clear Bridge Width of :
w > 10 ft
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~_Pedestrian Bridges . .. — =

Clear bridge widths of less than 7 feet need not be designed for
maintenance vehicles. [Article 3.2]

- The maintenance vehicle live load shall not be placed in
combination with the pedestrian live load. [Article 3.2]

- Dynamic load allowance is not applied to the maintenance
vehicle. [Article 3.2]

- Strength I Limit State shall be used for the maintenance vehicle
loading. [Article 3.2, 3.7]

WisDOT Bridge Manual, Jan 2019
State of Wisconsin
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EQUESTRIAN LOAD (LL)

Decks imtended to carry equestrian loading shall be
designed for a patch load of 1.00 kips (4.448kN) over a
square area measuring 4.0 inches (10cm) on a side. This
loading includes dynamic factors.

APPLICATION OF LOADS

When determining the pattern of pedestrian live
loading which maximizes or minimizes the load effect
on a given member, the least dimension of the loaded
area shall be greater than or equal to 2.0 ft.
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The dynamic load allowance (IM) 1s an increment to
be applied to the static wheel load to
account for wheel load impact from moving vehicles.

AASHTO section 3.6.2

The static effects of the design truck or tandem,
other than centrifugal and braking forces, shall be
increased by the percentage specified in AASHTO
Table 3.6.2.1-1 for dynamic load allowance.
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= Dynamic Load Allowance (IM”)

Dynamic effects due to moving vehicles shall be attributed
to two sources:

e Hammering effect is the dynamic response of the wheel
assembly

e Dynamic response of the bridge as a whole

Dynamic load allowance need not be applied to:

e Retaining walls not subject to vertical reactions from the
superstructure, and

e Foundation components that are entirely below ground level.

e The dynamic load allowance shall not be applied to pedestrian
loads or to the design lane load.

e Dynamic load allowance need not be applied to wood
components.
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—— Dynamicload-Allowanece......—

The factor to be applied to the static load shall be taken as:
(1 + IM/100).

Dynamic Load Allowance, IM (AASHTO, Table 3.6.2.1-1)

Component IM
Deck Joints—All Limit States 75%
All Other Components:

e Fatigue and Fracture Limit State | 15%

e  All Other Limit States 33%

The dynamic load allowance for culverts and other buried structures,
in %, shall be taken as:

IM = 33 (1.0 — 41%107*Dg) > 0%

where: D; = the minimum depth of earth cover above the structure (mm)
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No allowance for impact is to be made for foot bridges.
For road bridges shall be determined from the following equation:

For RC Bridges, |= (éi)

where: L is the span (m) ; 3< L<45m

SATLC

NA Loading is a formula loading representing normal traffic consisting of the most severe
arrangements of legal vehicles that are probable. It is based on South African legal loadings
and an allowance for impact based on the Swiss (SIA Norm 160 - 1970) Highway Impact Factor

100 + L,
® = 0.05) ———=
10 + L

where L, is the equivalent span length in metres.
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—— Multiple Presence of Live Load:

s——

Trucks will be present in adjacent lanes on roadways with multiple design
lanes but this is unlikely that all adjacent lanes will be loaded
simultaneously. This will be considered by the multiple presence factors.

When the loading condition includes the pedestrian loads combined
with one or more lanes of the vehicular live load, the pedestrian loads
shall be taken to be one loaded lane.

AASHTO section 3.6.1.1.2

To account for the probability of simultaneous lane occupation by the full
design live load, reduction in load intensity is used.
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~_— Multiple Presence of Live Load:
Multiple Presence Factors (AASHTO, Table 3.6.1.1.2-1)

Number of Loaded | Multiple Presence
Lanes Factors, m
] 1.20
2 1.00
;. (.85
>3 0.65

Number of Design Lanes

= Generally, the number of design lanes should be determined

by taking the integer part of the ratio W/3600

Where: w is the clear roadway width in mm between curbs and/or barriers
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Centrifugal Forces (CE= Vehicular Centrifugal Force):

Centrifugal force is due to inertia force of vehicles on curved

bridges at speed. Centrifugal forces shall be applied horizontally
at a distance 1.8 m above the roadway surface.

W= mg

INMER CURVE OUTER CURVE INMER CURVE OUTER CURVE
1 CARRIAGEWAY = L CARRIA GEwWaAY
B i

UNIFORM THICK W.C,

1
SUPER-ELEVATED DECK

=|
|

PEDESTAL
2
Fr - »ma, = er
]
6 ft —
[l — , P
T lo)SUPERELEVATION ACHIEVED  b) SUPERELEVATION ACHIEVED
N BY VARIABLE PEOJESTAL DEPIH BY VARIABLE GIRDER DEPTH

Free-body diagram for

. Method of providing superelevation in
centrifugal force

curved bridges
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Centrifugal forces shall be taken as the product of the axle weights of the

design truck or tandem and the factor C, taken as:

C=4+v
3 g*R

where! = highway design speed (m/s)

= : i
= gravitational acceleration: 9.81 (m/s”)

w1 = =+
I

radius of curvature of traffic lane (m)

The multiple presence factors shall apply.
AASHTO Article 3.6.3
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~__Breaking Force (BR=Vehicular Braking Force):
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From AASHTO Commentary 3.6.4 Based on energy principles, and
assuming uniform deceleration (retardation), the braking force
determined as a fraction "b" of vehicle weight.

According to AASHTO Article 3.6.4 the braking force shall be taken as
the greater of:

e 25 % of the axle weights of the design truck or
design tandem or,

* 5 % of the design truck plus lane load or 5 % of the design tandem
plus lane load

These forces shall be assumed to act horizontally at a distance of 1800
mm above the roadway surface in either longitudinal direction to cause
extreme force effects.
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__Vetiicular Collision (CT= Vehicular Collision Force):

Unless protections are provided a horizontal force of
1800kN applied at 1.2m above the ground should be
considered.

AASHTO Article 3.6.5

Pedestrian Loads

A pedestrian load of 3.6kPa shall be applied to all
sidewalks wider than 0.6m and considered simultaneously
with the vehicular design live load.
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= ‘Water boads——

Water Loads (WA= Water Load and Stream Pressure)

e Static Pressure: Static pressure of water shall be
assumed to act perpendicular to the surface that is
retaining the water. AASHTO Article 3.7.1

P=ygh

- Buoyancy :Buoyancy shall be considered to be an uplift
force, taken as the sum of the vertical components of
static pressures, as specified in Article 3.7.1, acting on all
components below design water level.
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Stream Pressure

Longitudinal: The longitudinal drag force shall be
taken as the product of longitudinal stream pressure
and the projected surface exposed thereto.

p=75.14*10" CpV’

Where: p = pressure of flowing water (MPa)
Cp = drag coetficient for piers
V = design velocity in m/s of water for the design flood
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s Table: Drag Coefficient R
= Type Cp
Semicircular-nosed pier 0.7
Square-ended pier 1.4
Debris lodged against the pier 1.4
Wedged-nosed pier with nose angle 90° or less | 0.8

= Lateral: The Ilateral, uniformly distributed pressure on
substructure due to water flowing at an angle,0, to the

longitudinal axis of the pier.

———
L Libbille

L longitudinal axis of pler

Lateral Drag Coefficient

Angle, 6, | (L

0° 0.0
1° 0.5
10° 0.7
20° 0.9

>30° 1.0




= Wind Coads —

Wind Pressure on Structures, (WS): For small and

medium sized concrete bridges below som length the wind
load on structures shall be neglected.

In the absence of more precise data, design wind pressure, P
in kPa, shall be determined as:

AASHTO section 3.8.1.2.1

Voz |
Pp = PB|: - }
Ve
Where Py = base wind pressure

VDZ = design velocity of wind at design elevation, Z (Km/hr)
VB= Base wind velocity (Km/hr)
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~ Wind Pressure on VehiclesmWit—

(AASHTO Art. 3.8.1.3 )

When vehicles are present, the design wind pressure shall be
applied to both structure and vehicles. Wind pressure on
vehicles shall be represented by an interruptible, moving force
of 1.46 N/mm acting normal to, and 1800 mm above, the
roadway and shall be transmitted to the structure.

Table 3.8.1.3-1 Wind Components on Live Load.

Normal Parallel
Skew Angle Component Component
Degrees N/mm N/mm
0 1.46 0.00
15 1.28 0.18
30 1.20 0.35
45 0.96 0.47
60 0.50 0.55
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~ Aeroelastic Instc‘ybﬁrt)f e
(AASHTO Art. 3.8.3 )

Aeroelastic force effects shall be taken into account in
the design of bridges and structural components apt
to be wind-sensitive. For the purpose of this Article,
all bridges, and structural components thereof with a
span length to width or depth ratio exceeding 30.0
shall be deemed to be wind-sensitive.

The vibration of cables due to the interaction of wind
and rain shall also be considered.
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_—— Earthquake Efteets (EQ= Earthquake)= ==

Earthquake loads are given by the product of the elastic seismic
response coefficient C., and the equivalent weight of the
superstructure.

Minimum Analysis Requirements for Seismic Effects

Seismic | Single-Span Multispan Bridges
Zone | Bridges Other Bridges Essential Bridges | Critical Bridges
Regular | Irregular | Regular | Iiregular | Regular | Irregular
1-3 No Seismic Analysis | * * * * * *
4 Seismic Analysis SM/UL | SM SM/UL | MM MM MM
% -

= no seismic analysis required (Zone 1-3)

Where:
UL = uniform load elastic method
SM = single-mode elastic method
MM = multimode elastic method
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Except as specified below, bridges satistying the
requirements of Table 4.7.4.3.1-2 may be taken as “regular”
bridges. Bridges not satisfying the requirements of Table
4.7.4.3.1-2 shall be taken as “irregular” bridges.

Curved bridges comprised of multiple simple-spans shall be
considered to be “irregular” if the subtended angle in plan is
greater than 20 degrees. Such bridges shall be analyzed by
either the multimode elastic method or the time-history
method.

Table 4.7.4.3.1-2—Regular Bridge Requirements
Parameter Value
Number of Spans 2 3 4 5 6
Maximum subtended angle for a curved bridge 90° 90° 90° 90° 90°
Maximuom span length ratio from span to span 3 2 2 15 1.5
Maximum bent/pier stiffness ratio from span to span, o 4 4 3 2
excludmng abutments




| = | — ,/ -
B Earth Pressure — —

Earth Pressure (EH = Horizontal Earth Pressure; ES = Earth
Surcharge; LS = Live Load Surcharge; DD = Down drag)

Earth pressure shall be considered as a function of the:

e Type and density of earth,

e Water content,

e Soil creep characteristics,

e Degree of compaction

e Location of groundwater table,
e Earth-structure interaction,

e Amount of surcharge, and

e Earthquake effects.
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— EH = Ho‘ﬁ‘“zﬁnta}%arthlllcessmﬁe/

—"

Active and Passive Earth Pressures

Coulomb theory 1s recommended by AASHTO for masonry and
RC abutment since this theory holds better for the actual situation.

k,=coefficient of lateral earth pressure taken as k_

k, =  sin’(6+¢)
V. sin’0 sin (0 - §)

Where:

- B
/ M ¥ = |:l J(l sin (@' + 8)sin (¢’ - B) :| 2

sin (0 - 8) sin (6 + B)

/ Rigid ‘ f
-3 Where: 6 = friction angle between fill and wall
B = angle of fill to the horizontal
0 = angle of backfill of wall to the vertical
¢ = effective angle of internal friction (°)

0.4H

I
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arth Surcharge; LS=Li

Where a uniform surcharge 1s present, a constant horizontal earth pressure, A, (MPa). shall be
added to the basic earth pressure. This constant earth pressure shall be taken as:

A, =ks qs

Where: k= coefficient of earth pressure due to surcharge
s = uniform surcharge applied to the upper surface of the active earth wedge (MPa)

live load surcharge shall be applied where vehicular load is expected to act on the surface of the
backfill within a distance equal to the wall height behind the back face of the wall.

The increase in horizontal pressure due to live load surcharge shall be estimated as:
Ap =k*y* g heq

where: A, = constant horizontal earth pressure due to uniform surcharge (MPa)
v, = density of soil (kg /m’)
k = coefficient of earth pressure|
heq = equivalent height of soil for the design truck (mm)
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The “Wall Height” shall be taken as the-distance between the surface of the

~ backfill and the bottom of the footing.

Wall Height (mm) heq (mm)
<1500 1700
3000 1200
6000 760
>9000 610

Down Drag (DD):

e When soil surrounding piles settle, it applies a downward force. In this

case, the force should be considered.
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The objectives in a bridge design are:
safety, serviceability, economy, constructability and aesthetics.

Safety — the primary responsibility of the Engineer 1s to ensure
public safety in the design by ensuring adequate structural safety.

Serviceability — consists of satisfying requirements of

deformation, durability, inspect ability, maintainability and ride
ability.

Minimum requirements are provided for clearances, environmental
protection ,geological studies, rideability, durability, inspectibility
and maintainability.
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o Design Philosophy-

In Engineering design the general principle is that the resistance
of a cross section has to exceed the effects come from the applied
loads.

When a particular loading condition reaches and just exceeds the
resistance capacity of the provided section failure is the result.
Such a condition is referred to as a Limit State.

Load and Resistance Factor Design (LRFD)- A reliability-
based design methodology in which force effects caused by
factored loads are not permitted to exceed the factored resistance
of the components.

Resistance >Effect of Loads

D Rn = yi*Qi
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“Design Philosophy ... Cont’d

The resistance factor @ for a particular limit state
must account for the uncertainties in

Material properties

Equations that predict strength
Workmanship

Quality control

Consequence of a failure
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s of Design——————

Bridge System

ﬂ

Structural Analysis Model

{

Component forces and Deformations
1y

Member Sizes

il

o

("
Check the Resistance of | Bridge Codes and
Members with Corresponding Load effects Specifications

-
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“Structural components shall be proportioned to
satisfy  the  requirements at  all  appropriate service,
fatigue, strength, and extreme event limit states.

Service Limit State:

Deals with restrictions on stress, deformation, and crack width under
regular service conditions.

Intended to ensure that the bridge performs acceptably during its
design life.

Strength Limit State :

Intended to ensure that strength and stability are provided to resist
statistically significant load combinations that a bridge will experience
during its design life.

Extensive distress and structural damage may occur at strength limit
state conditions, but overall structural integrity is expected to be
maintained.
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Strength Limit State -

“ Violation of the strength limit state oceurs when safety of the structure is endangered through:
+ LUnlimited deformation

+ Owerturning

+  Instability
Extensive distress and structural damage may occur bul overall structural integrity is expected to be
maintained.

Service Limit State

The service limit state shall be taken as restrictions on stress deformations and crack width, under regular
service conditions. The design level of these actions is chosen so that they:

*« Do not make the bridge unfit for use

= Do not cause public concem

= Do not significantly reduce the service life of the bridge
Fatigue and Fracture Limit State

The fatigue limit state shall be taken as resfrictions on stress range as a resull of a single design truck
occurring at the number of expected stress range cycles.

The fatigue limit state is intended to limit crack growth under repetitive loads to prevent fracture during the
design life of the bridge.
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+Limit States
Fatigue Limit State :

Deals with restrictions on stress range under regular service
conditions reflecting the number of expected cycles.

Fatigue limit states are used to limit stress in steel
reinforcements to control concrete crack growth
under repetitive truck loading in order to prevent early
fracture  failure  before the design service life
of a bridge.

Extreme Event Limit State :

Intended to ensure structural survival of a bridge during an
earthquake, vehicle collision, ice flow, or foundation scour.
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~_— Load Factors and Load Combinations

In LRFD method, load factors are applied to the loads and
resistance factors to the internal resistances or capacities
of sections.

e Load Factor- A statistically-based multiplier applied to
force effects accounting primarily for the variability of
loads, the lack of accuracy in analysis, and the probability
of simultaneous occurrence of different loads, but also
related to the statistics of the resistance through the
calibration process.

e Load Modifier- A factor accounting for
ductility, redundancy, and the operational classification of
the bridge.
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Load Factors and LO;& u(fombinafions

Moreover, the load combinations and load factors are
considered accordingly.

Q= 2Xniy: Qs
Where:

;= load modifier

Q; = force effects from loads
vi = load factors specified
Rn= is resistance

: load modifier specified in AASHTO Article 1.3.2
: load factors specified in AASHTO Tables 3.4.1-1 and 3.4.1-2
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~ Strength LimitState —

Strength I: This strength limit state is the basic load combination
relating to normal vehicular use of the bridge without wind.

Strength II: This strength limit state is the load combination
relating to the use of the bridge by owner-specified special design
vehicles, evaluation permit vehicles, or both without wind.

Strength III: This strength limit state is the load combination

relating to the bridge exposed to wind velocity exceeding 55 mph
(9o km/h).

Strength IV: This strength limit state is the load combination
relating to very high dead/live load force effect ratios.

Strength V: This strength limit state is the load combination
relating to normal vehicular use of the bridge with wind of 55-mph
(9o-km/h) velocity.
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 Extreme Event Limit State

The extreme event limit state refers to the structural survival
of a bridge during a major earthquake or flood or when
collided by a vessel, vehicle, or ice

Extreme Event I: This extreme event limit state is the load
combination relating to earthquake.

Extreme Event II: This extreme event limit state is the load
combination relating to ice load, collision by vessels and
vehicles, and to certain hydraulic events with reduced live

load.
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Service Limit States

The service limit state refers to restrictions on stresses, deflections,
and crack widths of bridge components that occur under regular
service conditions.

Service I: refers to the load combination relating to the normal
operational use of the bridge with 55-mph (90- km/h) wind, and with
all loads taken at their nominal values.

Service II: refers to the load combination relating only to steel
structures and is intended to control yielding and slip of slip-critical
connections due to vehicular live load.

Service III: refers to the load combination for longitudinal analysis
relating to tension in prestressed concrete superstructures with the
objective of crack control and to principal tension in the webs of
segmental concrete girders.

Service IV: This service limit state refers to the load combination
relating only to tension in prestressed concrete substructures with the

objective of crack control.
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_Fatigue and Fracture Ltimit State

The fatigue and fracture limit state refers to a set of restrictions on
stress range caused by a design truck.

The restrictions depend on the number of stress-range excursions
expected to occur during the design life of the bridge

Load Modifiers

Load Modifiers,n; = mnpnermn

o= a factor relating to ductility,
ne = a factor relating to redundancy

1 = a factor relating to operational importance

Ductility. redundancy. and operational importance are

significant aspects affecting the margin of

safety of bridges,

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



Table 3.4.1-2—Load Factors for Permanent Loads, 7,

Type of Load, Foundation Type, and Load Factor
Method Used to Calculate Downdrag Maximum | Minimum

DC: Component and Attachments 1.25 (.90
DC: Strength IV only 1.50 (.90
DD: Downdrag | Piles, o Tomlinson Method 1.4 (.25

Piles, 1. Method 1.05 0.30

Drilled shafts, O'Neill and Reese (1999) Method 1.25 (.35
DW: Wearning Surfaces and Utilities 1.50 (.65
EH: Honzontal Earth Pressure
* Active 1.50 0.90
s At-Rest 1.35 0.90
o AEP for anchored walls 1.35 N/A
EL: Locked-in Construction Siresses 1.00 1.00
EV: Vertical Earth Pressure
e  Overall Stability 1.00 N/A
* Retaining Walls and Abutments 1.35 1.00
* Rigid Buried Structure 1.30 0.90
» Rigid Frames 1.35 0.90
¢ Flexible Buned Structures other than Metal Box Culverts 1.95 0.90
* Flexible Metal Box Culverts and Structural Plate Culverts with Deep Corrugations 1 50 0.9
ES: Earth Surcharge 1.50 0.75
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Ductilit_y Factor: ny, S ——

i
e

Ductility is important to the safety of the bridge.

If ductility 1s present overloaded portion of the structure can redistribute the

load to other portions that have reserve strength.

This redistribution is dependent on the ability of the overloaded component and its

connections to develop inelastic deformations without failure.

Brittle behavior is to be avoided, because it implies a sudden loss of load carrying

capacity when the elastic limit is exceeded.
Ductility

For the strength limit state:
1, 21.05 for non-ductile components and connections
=1.00  for conventional designs and details complying with AASHTO

> 0.95 for components and connections for which additional ductility-

enhancing measures have been specified bevond those required
by AASHTO

For all other limit states:

np = 1.00.



e

“Redundancy Factortng—

= A statically indeterminate structure 1s redundant, that 1s, it has
more restraints than necessary to satisfy conditions of
equilibrium.
= Redundancy 1n a bridge system will increase its margin of safety
Redundancy

For the strength limit state:
1, =1.05 for non redundant members
=1.00 forconventional levels of redundancy, foundation elements where
¢ already accounts for redundancy as specified in ASSHTO
Article 10.5

= 0.95 for exceptional levels of redundancy bevond girder continuity

and a torsionally-closed cross-section.

For all other limit states:

e = 1.00
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Operatlonal Importance Factor: 1, m—
"’/ﬁndges can be considered of operatlonal importance if they are on the

shortest path between residential areas and a hospital or a school or
provide access for police, fire, and rescue vehicles to
homes, businesses, industrial plants, etc.

= anon important bridge could be on a secondary road leading to a remote
recreation area, that is not open year around.

= In the event of an earthquake, it is important that all lifelines, such as
bridges remain open.

Operational Importance

For the strength limit state:

n; = 1.05 for critical or essential bridges

=1.00 for typical bridges

=0.95 for relatively less important bridges.

For all other limit states:

n, = 1.00



Ultimate Design Load

The ultimate design load acting on a member will be the
summation of the relevant characteristic load combinations
multiplied by their respective partial safety factors.

Q= 2miy: Qi

Where:

;= load modifier
Q); = force effects from loads

vi = load factors specified
Rn= is resistance
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o Analysis
Static Analysis
Slab Bridges

Equivalent Strip Method is used for the analysis
Girder Bridges
Variations of loads along the transversal and longitudinal

directions are used

Dynamic Analysis
Seismic Design per ES- EN 1998:2015 (Design of Structures for

EQ resistance), in conjunction with AASHTO, ERA seismic

design criteria.
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The superstructure of a bridge 1s made up of the portion of the
bridge built on top of the substructure and supports the bridge
deck. Several materials and structural configurations can be used

to make up the superstructure of a bridge.

A bridge superstructure is an integrated body of wvarious
members of reinforced concrete, prestressed
concrete, steel, composite, diaphragms, trusses, arches, etc.
Determination of' forces in theses components is essential for

design purposes.



1-Deck and overpass  2- Stringer(longitudinal beams) 3-Bearing
4- Pedestal 5-Footing 6- Piles
7-Underpass 8- Embankment 9- Live load
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SUPERSTRUCTURE <— ABUTMENT

4’

Approach: Section of roadway immediately before and
after the structure.

Approach slab: used to prevent settlement of the approach
pavement.
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Approach slab

Railing Expansion Joint
Wing wall

e i )

ﬂ-—nsaphragm
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Reinforced Conc;é_té'Bridgés”

RC bridges possess several advantages over steel bridges

= adaptability of concrete wide variety of structural shapes

= Low maintenance cost

Long life and better resistance to temporary overloads and

dynamic loads than steel bridges.

Cast-in-place reinforced concrete structures are continuous
and monolithic, which translate into easy construction, low

cost and good seismic resistance.

They can also be given the desired aesthetic appearance.
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Disadvantages

- large dead weight (which require larger foundation)

- difficulty to widen

= Concrete 1s susceptible to cracking

- longer construction time

= Long curing time (Concrete attains specified compressive strength
in 28-days after casting and curing.)

= requires formwork and false work

= Demands Strict Quality Control (Concrete demands strict quality

control and skilled labor during mixing, placing and curing of

concrete.)
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~_—Advantages of Continuous RC Bridges:

e Less number of bearings than simply supported bridge since one line
of bearings is used over the piers

e Reduced width of pier, thus less obstruction to flow and as such
possibility of less scour.

e Due to reduction in the width of pier,less amount of material is
required

e Due to reduction in the width of pier, less number of expansion
joints due to which both the initial cost and maintenance cost

become less. The rigidity quality over the bridge 1s thus improved.
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,~'A’f§£htages of Continuous RC _ﬁridgesmﬁ.ﬂ: :

 Lesser depth of girder, hence economical supports
 Better architectural appearance

« Lesser vibration and deflection

Disadvantages

e Not suitable on yielding foundations
e Differential settlement may cause undesirable stresses.
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= ‘Steel Bridges:

Steel bridge construction consists of rolled steel
beams, plate girders or trusses with reinforced
concrete deck or steel plate deck-beam bridges.

Steel has got several advantages

It 1s a high quality, homogeneous, isotropic material
that 1s perfectly elastic to its yield point.

It has high tensile and compressive strengths.
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Steel Bridges

Advantages ....
Faster construction time

They can be erected with ease and this minimizing construction
costs.

Steel superstructures are usually lighter than concrete
superstructures which translate into reduced substructures costs

Disadvantages :
Corrosion of steel
high maintenance cost

Corrosion can reduce cross section of structural members
and weaken the superstructure also.
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* Secondary Members:

Bracing between primary members designed to resist cross-sectional
deformation of the superstructure frame and help distribute part of the
vertical load between stringers.

Refer: CENG 4123-Design of Steel Structures



e “mﬁﬁ’i‘idges |

Arches are generally characterized by the development of
inclined rather than vertical reactions under vertical loads.

Cross-sections are designed for thrust, moment and shear, with
magnitudes depending on the location of the pressure line.

The most suitable for crossing valley, with the arch
foundations located on dry rock slopes.

The erection problem varies, being easiest for the
cantilever arch

A compression structure
Aesthetically, the most successful of all bridge types
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RC Slab Bridges

—

——

Longitudinally reinforced slab bridges have the simplest
superstructure configuration and the neatest appearance.

They generally require more reinforcing steel and structural
concrete than do girder-type bridges of the same span.
However, the design details and formworks are easier and less
expensive.

are most commonly used to span short spans up to 12 meters.

o

e It 1s the most common forms of bridges in Ethiopia, and
economical for spans:

e 4mto 15 m [ERA, manual] (and if >15m they can be
ribbed)

. 6-12m [AACRA]
. 10-12m [AASHTO]
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——— Optional Criteria for Span-to-Depth Ratios

Unless otherwise specified herein, 1if an Owner chooses to
invoke controls on span-to-depth ratios, the limits in AASHTO,
Table 2.5.2.6.3-1, in which S i1s the slab span length and L is the
span length, both in ft., may be considered in the absence of
other criteria. Where used, the limits in Table 2.5.2.6.3-1 shall

be taken to apply to overall depth unless noted.
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Tahle 2.5.2.6.3-1 Traditional Minimum Depihs for Constani Depth Supersiructures.

14l

o e | e e — e

e

Minimum Depth (Including Deck]

When variable depth members are used, values
may be adjusted to account for changes in
relative stiffness of positive and negative

Superstructure moment sections
Material Type Simple Spans Continuous Spans
Slabs with main 1.2 (S + 3000) S+ 3000
reinforcement parallel to 30 T 165 mm
Reinforced traffic
Concrete T-Beams 0.070L 0.0657L
Box Beams 0.060L 0.055L
Pedestrian Structure 0.035L 0.033L0
Beams
Slabs 0.030L = 165 mm 0.027L = 165 mm
CIP Box Beams 0.045L 0.040L
Prestressed Precast [-Beams 0.045L 0.0407
Concrete Pedestrian Structure 0.033L 0.0307
Beams
Adjacent Box Beams 0.030L 0.025L
Owerall Depth of 0.040~L D.03271
Composite [-Beam
Steel Depth of I-Beam Portion 0.033L 0.027L
of Composite I-Beam
Trusses 01005 0. 1007

AAIT CENG 5132 Fundamentals of Bridge Design
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— SLABBRIDGES.. =

~ Depth Determination:

According to AASHTO, Table 2.5.2.6.3.1, minimum
recommended depth for slab with main reinforcement parallel
to the traffic 1s :

D

~1.2(S +3000)
30

(mm)

where:

D :slab thickness
S :c/cspacing of the bridge (mm)

According to ERA Bridge Design Manual 2013, article
5.4.1.1, the depth of a concrete deck, excluding any
provision for grinding, grooving, and sacrificial
surface, should not be less than 185 mm and minimum
cover should not be less than 35mm.
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_Lead distributions:
-- D
Dparape parapet
l P Ltruck l
L
R "Lt vy v ¥y Dueangsurece P
Dslab
P Strip Width
J Slab Width _

According to AASHTO sec. 4.6.2.3, the equivalent width
(E) of longitudinal strips per lane for both shear and

moment with one lane, 1.e., two lines of wheels, loaded
shall be determined
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~ Load distributior

Interior Strip width

E =250+ 0.42LiW: Single lane loaded

E=2100+0.124LiW1 EE Multiple lanes loaded
NL

Where: E = equivalent width (mm)

Li = modified span length taken < of the actual span or 18.000 (mm)
W; = modified edge-to-edge width of bridge taken to be £ of the actual width or

18.000 mm for multilane loading. or 9.000 mm for single-lane loading (mm)
W = physical edge-to-edge width of bridge (mm)
Np = number of design lanes as specified

The general equation for loads applied to the interior strip width is as follows:

Strip Width
Total Load = Dslah W Dweraring surface £ |:(2 Dparapet)[ SIaE Width ]] + (Lm i Liane)

WisDOT, BDM-17.2.7
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_Fdge Strip width
Edge strip is limited to half lane width; use multiple
presence factors 1.2 and half design lane load (for a two-

lane bridge, because the possibility of occurrence of two
trucks at a time 1s less).

0.3, ¥1.8=0%

4
-

| |
| |
Thus, live loads due to truck and tandem are o s
divided by 2 as the width of the edge strip is \ - "]
less than 2.m (wheel are placed 300mm T N |
from curb edge and wheel spacing of & =
18oomm) plus curb width. Thus the effect of - | |
the live load is reduced by hallf. A
( E ; Where:
e (Cw +300+ 7) E, :Edge strip width
G C. :Curb width
\1 800 (mm) E;  : interior strip width
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O EdgeStrip width o ———
.
1
Dparapet —_—— :
Ltruck :
|
BT -
l l l -LEDT__ Liane /’ Ir
,,,,,,,, vy yio o o
Dslab Dwearing surface

Strip Width

Thus, live loads due to truck and tandem are divided by 2 as the
strip width 1s less than the width of the truck and only half of the
live load 1s with in the edge strip width.

The general equation for loads applied to the exterior strip width is as follows:

TotalLoad=D_, +(D

slaby . wearing surface

Al L oAl )

parapet )direcﬁ'_-,-' over strip ( directly over stnp
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'Equivalent Concentrated-and Distributed’]jgegs
The equivalent concentrated and distributed loads per meter width of
both interior and edge strips are obtained by dividing the design loads
to the corresponding strip width and applying a dynamic impact factor.
For the calculation of live load force effects, influence line is used and

the maximum effect will be selected for the design.

Lane Load:

The design lane load shall consist of a load of 9.3kN/m uniformly

distributed in the longitudinal direction.
03E

YV ¥V V v V VYV VY VY VOV VY
L A

¥
-t
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_Live-toad force effects ==

(L-1.2) |

— 43 —— %3 ——— 186 —

| L |

IL for maximum shear force due to truck and tandem loads
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mlzzlez . = 1243 - ¢

i e 2_T

[({l,—4.3)
i 7

IL for maximum bending moment due to truck and tandem loads
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aximum Live Load Moments for Interior Strips

M”:?(m1+m2)+7m3
110
Mtan:T(ml+m2)
L2
. (L)
E 8

tro In

(M1 )i =1.33max (M Mtan)+M

where E : interior strip width
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Maximum Live Load Moments for'edge Strips e

m (145 2ED
Mtr:z(E (m1+m2)+E—m3j

e e -’:""-ilu'l _‘El.i: H.I
Mtan: n;( Ee (m1+m2)j \ 13 jl
1
L2 2
- (L) 2
o F |
I

), 1 omux (M M| M

tro tan In

where Ee : edge strip width
m : multiple presence factor (=1.2)

Thus, the design moment is taking by considering the maximum effects
due to live and dead load moments.
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" Maximunm Live Boud-Moments for—==

e A e N i o, .

interior and edge strips

et

The maximum Live Load Moments for both interior and edge
strips can be computed using influence line concepts and the
influence line coefficients (maximum ordinates)

Influence Functions (Influence Lines)

1. Vehicular loads move on bridges
Hence the load effects vary as the vehicle traverses the bridge.

3. Maximum load effects have to be found by placing the vehicular
loads 1n the most critical manner on bridges

4. Influence functions / Influence lines provide the foundation for
determining the critical positions of vehicular loads

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



=P -

Two-Span Continuous Beam
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T — — "“'-:."-?
..... ":/
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0.096
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~ DesigmMoment —

The design moment is computed by combining the effects of dead

loads and live loads and applying the corresponding load
combinations and load factors specified in AASHTO, Table 3.4.1.1.

M_, =n(1.25M,, +1.5M,, +1.75M,, ,,)

For strength limit state n=1.05- for critical or essential bridges.

where:

M, . design moment

My - dead load moment

M,  :dead load moment from wearing surfaces

M., - moment from live load and impact and given by
=133max (M,, M_)+M,

M, - moment from Truck load

M, - moment from Tandem load

M, - moment from lane load
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- Check the adequacy of the section

- Main Reinforcement
The required amount of reinforcement for both interior
and edge strips are computed using the general empirical

equation: . =
= 096d’pf" ) f,

0.03/"
and Pwin = 7

04
The factor ¢ accounts the reduction in concrete
compressive strength due to slow loading or the
weakening of the concrete =0.85.

Refer: Design of Reinforced Concrete Structures
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Shear Reinforcement

Slab bridges designed for moment in conformance with
Article 4.6.2.3 may be considered satisfactory for shear.
(AASHTO Article 5.14.4.1)

Distribution Reinforcement

According to AASHTO, article 5.14.4.1, if the main
reinforcement is parallel to the traffic, the amount of bottom
transverse reinforcement may be taken as a percentage of
the main reinforcement required for positive moment.

p, = min [50,@]
i
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Shrinkage & Temperature Reinforcement

As indicated in AASHTO, section 5.10.8, reinforcement for
shrinkage and temperature reinforcement shall be provided
near surfaces of concrete exposed to daily temperature
changes. The specified amount of the steel should be
distributed equally on both sides.

0.75A4
Ast e .
Js
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Actions to be considered at the service limit state shall be
cracking, deformations, and concrete stresses, as specified in

Articles 5.7.3.4, 5.7.3.6, and 5.9.4 respectively.
Durability

For durability, adequate cover shall be used (for bottom of
cast in place slab the cover is 35mm).

Adequacy of Reinforcement Bars

M

=, o Assume: 1=0.875 and {s=0.61y
f.Jd,
For determination of Mp, the load factors to be are taken as

unity.
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_ Serviceablity...

iii) Control of Cracking

The cracking stress shall be taken as the modulus of rupture
specified in AASHTOQ, Article 5.4.2.6.

Cracking may occur in the tension zone for RC members due to the low
tensile strength of concrete. The cracks may be controlled by distributing
steel reinforcements over the maximum tension zone in order limit the
maximum allowable crack widths at the surface of the concrete for given
types of environment.

The tensile stress in the mild steel reinforcement (fs) at the service limit
state doesn’t exceed f_..

e+

P 30,000 mod erate exp osure conditions
=—— = 067 N
Jsa (dc * A)‘-i' i Z=123,000 severe exposure conditions

17,500 buried structures

Z=crack width parameter=23.000N/mm
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Serviceablity . ..——

Control of Cracking . ..
For rectangular Cross section,

B ‘ where f,, . = tensile strength of the concrete

E?D D

If f.,..> 0.8f, the section has cracked (AASHTO, Article 5.7.3.4 and 5.4.2.6)
Where: f. = modulus of rupture=0.63Vf,’

Dry Humid Sea water and/ or
Type of exposure | environment EnVILOment aggressive chemical
(Mild) (e%'w[(‘) 2:11:;:2; S) environment (Severe)
Characteristic
crack widths, 7, 0.4 0.2 0.1
(mm)

Refer: “Design of Reinforced Concrete Structures”
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Serviceablity ..., — ===

Control of Cracking . . .

There are four fundamental ways in which surface crack
widths may be reduced:

- Reduce the stress in the reinforcement (o,) which will hence
reduce €,

Reduce the bar diameters (®) which will reduce bar spacing &
have the effect of reducing the crack spacing (S,,)

- Increase the effective reinforcement ratio (p,)
- Use high bond rather than plain bars
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Serviceablity ... —

iv) Deformations and Camber

Deflection and camber calculations shall consider dead load, live
load, erection loads, concrete creep and shrinkage.

Immediate (Instantaneous) deflections may be computed taking
the moment of inertia as either the effective moment of inertia [ 4
or the gross moment of inertia I,.

Unless a more exact deformation calculation is made, the long-
term deflection due to creep and shrinkage may be taken as the

immediate deflection multiplied by the following factor
(AASHTO, Article 5.7.3.6.2).

4, 1f the instantaneous deflection 1s based on Ig.

i
&i’
SR EESE 3]2}.6
\ A

3

if the instantaneous deflection is based on Ie.
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Serviceablity .. — =

iv) Deformations ......

The deflection of a structure should not adversely affect the proper
functioning or appearance of a structure. The immediate elastic
deflection caused by service loads may be calculated using usual elastic
theory equations for deflections.

Long term deflections

The deflection of reinforced concrete beams increases with time due to
creep and shrinkage.

Additional deflections two or three times as large as the immediate
deflection may result externally.

Deflection Limit:

For simple span bridges =L./8o0
For overhanging part, cantilevers = L./300
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Fatigue Limit State

Investigation of Fatigue Limit State (AASHTO, Section 5.5.3)

The fatigue load shall be one design truck or axles thereof
specified in Article 3.6.1.2.2, but with a constant spacing of
gooomm between the 145 o0oo-N axles. The dynamic load
allowance specified in Article 3.6.2 shall be applied to the
fatigue load.

U=0.75(LL+IM) ; E.S for LL is 0.75

a) Tensile live load stresses

_n"’LfDx“'<04f

If'

}(;5. maoax

M is the maximum moment per meter width for fatigue.
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b) Reinforcing Bars

The stresses range in straight reinforcement bars resulting from
fatigue load combination shall not exceed (AASHTO, Section
5.5.3.2).

If f, .« < f;, then there is no problem of fatigue. Otherwise increase
the area of reinforcing bars.

Where:
fris the stress range.

f.i, 1s the minimum live load stress resulting from fatigue load,
combined with the more severe stress from permanent loads. For
simply supported slab bridge f. . is zero.

min

fF166-0.33f,:,
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THE DESIGN IS OR!

Flow chart for the design of RC slab bridges
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—Design'Example

RC SLAB BRIDGE DESIGN

Design Data and Specifications

i) Material Properties
Steel strength, f}r = 400 MPa
Concrete strength, ft = 28 MPa

Concrete density, ¥, = 2400 kg/m’
Bituminous density, ¥, = 2250 kg/m’

The modulus of elasticity of steel, E. = 200 GPa  Jesigh Viethod. 2 8 )

Specifications:
-AASHTO LRFD Bridge Design

ii) Bridge Span and Support Dimensions

Clear span of the bridge, C_= 12m ' .
_ _ Specifications, 4th ed. 2007
Road way /clear carriage width, R_= 732

-Ethiopian Roads Authority, ERA

Additional curb width including bottom width of g gy Bl Deisi ol

the concrete barrier/ posts, Cw=
Curb depth, C,= 25m

Bearing shelf width, W_= g5

Concrete barrers are used
Thickness of Asphalt Layer= 100 mm

Concrete cover for the slab = 35 mm

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)




Cross Section of a T-Girder
Bridge

SR
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I-Girder Bridges. =

e The T-Girder construction consists of a transversely reinforced slab deck which

—

spans across to the longitudinal support girders.

e The slab i1s structurally continuous across the top. The slab serves dual purpose
of supporting the live load on the bridge and acting as the top flange of the
longitudinal beams.

e T-Girder require a more-complicated formwork.
e T- Girders are used for bridges spanning from about 10 -25 meters.

e The girder stem thickness usually varies from 35 to 55 cm.
e Optimum lateral spacing of longitudinal girders is typically between 1.8

and 3.0 m (equally spaced beams)

e They shall be used for span lengths
10 — 25 m [ERA]
10 — 20 m [Design of RC Bridge]
10-25m [AASHTO]
12-18m [Bridge Engineering Handbook]
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Diaphragms
* Diaphragms are provided transversely between the beams

over the supports and depending on the span, at mid-span
and other intermediate locations.

« The  purpose of  providing
diaphragms 1s to ensure lateral
distribution of live loads to various
adjacent stringers, the magnitude of
the share of each stringer depends
on the stiffness of the diaphragms
relative to the stringers and on the _ o\
method of connectivity. g ‘ \ﬁ

* Diaphragms shall be used at span
ends. Intermediate diaphragms shall
be used where required in the
judgment of the Engineer.

Diaphragms
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~—— Analysis of T-Girder Bridges

Design of T- girder bridges consists of
e deck slab analysis and design, and
e T-girder analysis and design.

Structural analysis of the deck slab involves taking a
continuous strip perpendicular to the girders (AASHTO
Art.9.6.1) and analyzing by moment distribution or using
design aid given by AASHTO.

An approximate method of analysis in which the deck is
subdivided into strips perpendicular to the supporting

components shall be considered acceptable for decks
(AASHTO Art. 4.6.2.1)
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Slab-Girder Bridge

beam line model
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flate-plate model (2D)
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~_Design of Deck Stab-of Girder B‘rid"ge’sm

Thickness of Top Flange (ERA Bridge Design Manual 2013,
Article 5.4.1.1 and AASHTO, Article 5.14.1.5.1a)

The thickness of top flanges serving as deck slabs shall be:

e the depth of a concrete deck, excluding any provision for grinding,

grooving, and sacrificial surface, should not be less than 185 mm

e Not less than the clear span between fillets, haunches, or webs divided
by 20, unless transverse ribs at a spacing equal to the clear span are used

or transverse prestressing is provided.

Slab thickness (AASHTO, Table 2.5.2.6.3.1):

_(s+3000)  S= Girder spacing (mm)
30

I_’
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~Design of Deck Slab of Girder Bridges . . .

An approximate method of analysis (AASHTO, article 4.6.2.1)
in which the deck is subdivided into strips perpendicular to

the supporting components shall be considered acceptable
for decks.

Influence line segment coefficient

The Influence line segment coefficient table is intended

|
Le L1 Le l

M = (ZW coef)LﬁT + ZME coef
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Influence Segment Coefficients —

]

B e R e o Ny

Jel 1 19 !
DeDO9TE]
D«D0&124
D«012306
O=010173
Q008271
Q009102
D«009T724
007947
DeOD&E362
DeD13022
O.052652
0063590
0«0355%10
OeD22303
DeDLsAl2
DaD3ITOLS
Q030119
Oefhzajan
DeD354]11
D«D28935
D.023167
=0s 196969
=0s303030

EIRsT S0 OF
UMTT MOMENT
UNIT MOMENT

SPAN 15
ON LEFT EnD
ON RIGHT END

= = = APPLIED LOADS = = =
UNIT DFAD LOAD ON 1-5T SPAN
UNIT DFAD LOAD ON 2=ND

UNTT nFad LDAR ON BOTH SPAMS

=002 0804
=Da0T5TETY
=0« 096542

CpTE st — e

i 2
Da01182]
DeDOTEHZE
D«014918
D=012332
00100827
DeD11084
D«011789
D009 ETG
D:DOTT12
DeD12863%
D«0%1103
DaD&Z2308
DeD3&G455
QsD2LEST
DeDs34L04
DsD3I5955
DeD29233
Os03216%
DeDIH3ITD
D«028088
D«DR2EGBE
=0: 2038382
=Da294117

=0«D7%220
=-Ds0T2829
=D 0FRTEY

Du0l&%l24
Cu00BBT1
Da01TE2%
O«01&T35
0.011%980
D.0131483
DaOla08%
Oa211%11
CaC0F21%
D.01227R
DeD&F643
Q241099
CalB3&81
Q. 021028
Oade2 251
0034928
O«0283%8

QeDA31250

Oal33388
O« 327285
Oe021843
=0a 214285
=0s2B5T1a&

=0.030133
=0«0T1&ZA
=0.1015862

L] .
For example, in the third line of coefficients the T0 and 10 indicate 70% and

M

L

]
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=Qe222222
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Cae 38 15
DesDL9&50
DeDl 2218
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0«020290
0015497
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D:01939&
Je015851
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Influence Segment'Coefficients . .
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- __—AASHTO Art. 4.6.2.1.3 - Widil of Equivalent InteriorStrips

The width of equivalent interior transverse strip over which the wheel
loads can be considered distributed longitudinally in concrete decks is
given as [Table Art. 4.6.2.1.3-1]

Direction of Primary
Strip Relative to
Type Of Deck Traffic Width of Pimary Strip (mm)
Concrete:
e Cast-in-place Overhang 1140 + 0.833X
Either Parallel or +M: 660 + 0.558
Perpendicular —M: 1220 + 0.258
»  (Cast-in-place with stay-in- Either Parallel or +M: 660 + 0.555
place concrete formwork Perpendicular —M: 1220 +0.258
»  Precast, post-tensioned Exther Par_all-:l i +M: 660 + 0.555
S —M: 1220 +0.25S

+M = positive moment

—M = negative moment

X = distance from load to point of support (mm)

S: spacing of supporting components(mm) (T- beams)
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Direction of Primary

panels

Type Of Deck Sl:ripl Relative to Width of Primary Strip (mm)
T'raffic
Steel:
¢ Open grid Main Bars 0.007P + 4.08,
¢ Filled or partially filled grid Main Bars Article 4.6.2.1.8 applies
¢  Unfilled, composite grids Main Bars Article 4.6.2.1.8 applies
Wood
¢ Prefabricated glulam
o Noninterconnected Parallel 2.0k + 760
Perpendicular 2.0h+ 1020
o Interconnected Parallel 2280+ 0.07L
Perpendicular 4.0k + 760
®  Stress-laminated Parallel 0.0665 + 2740
Perpendicular 0.845 + 610
¢ Spike-laminated
o Continuous decks or Parallel 2.0k + 760
in[ercnmected panels perpendicl.llar 4{};’? + 1[}20
o Noninterconnected Parallel 2.0+ 760
Perpendicular 2.0h+ 1020

AAIT CENG 5132 Fundamentals of Bridge Design

“AASHTO Art. 4.6.2.1.3—Width of Equivalent Interior Strips . . .

h = depth of deck (mm)

L = span length of deck (mm)
P = axle load (N)

S, = spacing of grid bars
(mm)
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~ Caleutation of Force Effects (AASHTOArt. 4.6.2- ]-,--6)’”""'"'

The strips shall be treated as continuous beams or simply supported
beams, as appropriate. Span length shall be taken as the center-to-
center distance between the supporting components. For the purpose
of determining force effects in the strip, the supporting components
shall be assumed to be infinitely rigid.

The wheel loads may be modeled as concentrated loads or as patch
loads whose length along the span shall be the length of the tire
contact area plus the depth of the deck.

The strips should be analyzed by classical beam theory.
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o, | e
_ Transverse Configuration for a Design Truekﬂ)-r"ﬁ'é"S’fgfl/Tandem

In the transverse direction, the design truck and design tandem
should be located in such a way that the effect being considered is

maximized.
12'-0" Design Lane | 12'-0" Design Lane , 12-0" Design Lane
See Note B See Note B See Note B

o 0 rle—>la«—>le rle——>le—>le v >
I = k i I ==

P = Wheel Load

Note A: Position wheel loads within the design lane such that the effect being
considered is maximized; minimum = 2'-0".

Note B: Position design lanes across the roadway such that the effect being
considered is maximized.
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~Transverse ConﬁguraﬁMf@*Load---- —

Similarly, the design lane 1s distributed uniformly over the 10-foot loaded width.
Since the design lane is 0.64 kips per linear foot in the longitudinal direction and
it acts over a 10-foot width, the design lane load 1s equivalent to 64 psf.

12'-0" Design Lane ‘12'-0" Design Lane ‘12'-0" Design Lane
) See Note B | See Note B | See Note B ]

See See|See See|See See
Note Note Note Note|Note Note
10'-0" A 10'-0" Al A 10'-0" A

I,..._A

o
- "

<> | e |
=

T T
FITEY J|

L

Note A: Position 10'-0" lane loads within the 12'-0" design lane such that the effect
being considered is maximized; minimum = 0"

1Yy

—
.
—
-
—

Note B: Position 12'-0" design lanes across the roadway such that the effect being
considered is maximized.
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~__Fransverse Configuration for

A=
| E=E

) r’[ 1. 8m kl 6m
Im 3. 0m

-
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_Critical Placement of Liveloads—

A B C D E F

LA Lo Lg

Table 5.1 Span point notation
(Design Of Highway Bridges an LRFD approach , 2" Edition, Richard M.Barker et. al , 2007)

: Alternative 2o :
Span point s p Critical Action
: Span Point Span | Percentage Explanation 2
notation : (Typical)
Notation
100 1.00 1 0 Left end of the first span Shear
Forty percent of the way across the Pt
104 1.40 1 40 Positive moment

first span

Right end of the first span
110 1.10 1 100 immediately left of the first
interior support

Shear, negative

moment

Left end of the second span :
Shear, negative

200 2.00 2 0 immediately right of the first
: : moment
interior support

205 2.50 2 50 Middle of the second span Positive moment
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_Miiller Breslaﬁ??fﬁ?i"ple forQU‘afiﬂiffative
influence Lines

In 1886, Heinrich Miiller Breslau proposed a
technique to draw influence lines quickly. The
Miller Breslau Principle states that the ordinate
value of an influence line for any function on any
structure is proportional to the ordinates of the
deflected shape that is obtained by removing the
restraint corresponding to the function from the
structure and introducing a force that causes a
unit displacement in the positive direction.
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Table 5.2: Influence ordinates and areas (three-span continuous beam)

Richard M.Barker et. al , 2007

Location  Position M(104) M(200) M(205) V(100) V(104) V(110) V(200) V(205)
100 0 000 000 000 1.00 000 000 0.00 0.00
101 10 503 -—243 -088 0.88 _0.12 -012 003 0.03
102 20 1011 -471 -171 0.75 _0.25 -025 0.5 0.05
103 30 1532 —670 -243 063 _037 -037 007 0.07
104 40 207 -825 300 052 -048/052 -048 0.09 0.09
105 50 1632 -—921 -335 0.4l 041 -059 0.10 0.10
106 60 1223 —943 —343 03l 031 -069 0.10 0.10
107 70 849 877 -319 021 021 -079 0.09 0.09
108 80 517 -7.07 -257 0.3 013 -0.87 0.08 0.08
109 90 232 _420 -153 0.6 006 —094 004 0.04
1100r200 100 000 000 000 0.0 000 -1.00 1.00 0.00
201 112 —2.04 -509 253 -005 005 -005 093  -007
202 124  -333 -833 583 —0.08 _0.08 -084 008  -016
203 136 —400 -999 990 -0.10 010 -010 073  -027
204 148  —414 —1034 1474 —0.10 010 -0.10 062  —038
205 160 -389 -964 204 -0.10 _0.10 -0.10 050 —0.5/0.50
206 172 -327 -818 1474 —0.08 _0.08 -008 0.38 0.38
207 184  —248 —621 990 -0.06 _0.06 -006 027 0.27
208 196 —160 —401 583 —0.04 _0.04 —004 016 0.16
209 208 —074 —185 253 —0.02 _0.02 -002 007 0.07
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I Placement-of Live'loads

Location  Position M(104) M(200) M(205) V(100) V(104) V(110) V(200) V(205)

2100r 300 220 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
301 230 0.46 1.15 =153 0.01 0.01 0.01 -0.04 -0.04
302 240 0.77 193 =257 0.02 0.02 0.02 -0.08 -0.08
303 250 0.96 238 =318 0.02 0.02 0.02 -0.09 -0.09
304 260 1.03 257 -3.43 0.03 0.03 0.03 -0.10 -0.10
305 270 1.00 251 -3.35 0.03 0.03 0.03 -0.10 -0.10
306 280 0.90 225 -3.00 0.02 0.02 002 -0.09 —-0.09
307 290 0.73 183 -2.44 0.02 0.02 0.02 -0.07 -0.07
308 300 0.51 129 -1.71 0.01 0.01 0.01 -0.05 -0.05
309 310 0.27 0.66 -0.88 0.01 0.01 0.01 -0.03 -0.03
310 320 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00
Total positive area 1023 165.7 1036.3 45.6 154 1.7 66.4 20.1
Total negative area —305.5 -1371.4 -4420 -7.60 -174 -63.7 -64 -20.1
Net area 717.4 -1205.7 594.3 38.0 -20 -62.0 60.0 0.00
o5 . . S - . e
20 4 - - - - - _
/l \ .I \

= 1° /N SN

@ \ /

8 10 I / ,_—‘ ) \ - -

S | N N

= |/ N N o emm—ee
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Example 5.7

 Use the trapezoidal rule to determine the positive, negative, and net areas of
the influence function for M4 In Table 5.2.

Aspan1 = 10/2+5.03+10.11 +15.32 +20.7 4+ 16.32 + 12.23 + 8.49
+5.17+2.32 +0/2](10) = 956.9

Aspan2 = [0/2 4 (—2.04) 4+ (—3.33) + (—4.00) + (—4.14) + (—3.89)
+(=3.27) 4+ (—-2.48) +(—1.60) +(—-0.74) +0/2](10) = —-305.8

Aspanz = [0/2+0.46+0.77 +0.96 + 1.03+ 1.00 + 0.90 + 0.73 + 0.51
+0.27 +0/2]1(10) = 66.3

These areas are added to give the positive, negative, and net areas:

AT = 956.9 +66.3 = 1023.2 ft°
A~ — —305.8 ft?
A _ 717 4 #°
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Table 5.4
Normalized influence functions (three span, span ratio = 1.2)°
Location M(104) M(200) M(205) V(100) V(104) V(110) V(200) V(205)
100 0.00000 0.00000 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000
101 0.05028  _0.02431 —_0.00884 0.87569 —0.12431 —0.12431 0.02578 0.02578
102 0.10114 004714 _0.01714 0.75286 _0.24714 ~0.24714 0.05000 0.05000
103 0.15319  _0.06703  —0.02437 0.63297 ~0.36703 ~0.36703 0.07109 0.07109
104 0.20700 —0.08250  —0.03000 0.51750  —0.4825/0.51750 —0.48250 0.08750 0.08750
105 0.16317 —0.09208 —0.03348 0.40792 0.40792 —0.59208 0.09766 0.09766
106 0.12229  _0.00429 _0.03429 0.30571 0.30571 —0.69429 0.10000 0.10000
107 0.08494  _0.08766  —0.03187 0.21234 0.21234 —0.78766 0.09297 0.09297
108 0.05171 —0.07071  —0.02571 0.12929 0.12929 —0.87071 0.07500 0.07500
109 0.02321  -0.04199 _0.01527 0.05801 0.05801 -0.94199 0.04453 0.04453
110 or 200 0.00000 0.00000 0.00000 0.00000 0.00000 -1.00000/0.0  0.0/1.00000 0.00000
201  —0.02037 —0.05091 0.02529  —0.05091 —0.05001 —0.05091 0.92700 —0.07300
202 -0.03333  -0.08331 0.05829  _0.08331 —0.08331 —-0.08331 0.83600 —0.16400
203  —0.03996  —0.09990 0.09900  —-0.09990 —0.09990 —0.09990 0.73150 —0.26850
204  _0.04135  _0.10337 0.14743  _0.10337 ~0.10337 —0.10337 0.61800 —0.38200
205  —0.03857 —0.09643 0.20357  —0.09643 —0.09643 —0.09643 0.50000 _0.50/0.50
206 —0.03271 _0.08177 0.14743  _0.08177 —0.08177 —0.08177 0.38200 0.38200
207  —0.02484¢  _0.06210 0.09000 —0.06210 ~0.06210 —0.06210 0.26850 0.26850
208 _0.0l605  —0.04011 0.05829  _0.04011 —0.04011 —0.04011 0.16400 0.16400
209  —0.00741 —0.01851 0.02529  _0.01851 —0.01851 ~0.01851 0.07300 0.07300
210 or 300 0.00000 0.00000 0.00000 0.00000 0.00000 (0.00000 0.00000 0.00000
301 0.00458 0.01145 _0.01527 0.01145 0.01145 0.01145 —0.04453 —0.04453
302 0.00771 0.01929  _0.02571 0.01929 0.01929 0.01929 —0.07500 —0.07500
303 0.00956 0.02391  _0D.03188 0.02391 0.02391 0.02301 —0.00297 —0.09297
304 0.01029 0.02571  —0.03429 0.02571 0.02571 0.02571 —0.10000 —0.10000
(continued)
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Table 5.4

(Continued)
Loecation M(104) M(200) M(205) V(100) V{104) V(110) V(200) V(205)
305 0.01004 0.02511 —-0.03348 0.02511 0.02511 0.02511 —0.09766 —0.09766
306 0.00900 0.02250 —0.03000 0.02250 0.02250 0.02250 —0.08750 —0.08750
307 0.00731 0.01828 —0.02437 0.01828 0.01828 0.01828 —0.07109 —0.07109
308 0.00514 0.01286 -0.01714 0.01286 0.01286 0.01286 —0.05000 —0.05000
309 0.00265 0.00663 —0.00884 0.00663 0.00663 0.00663 —0.02578 —0.02578
310 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Pos. Area span 1 0.09545 0.00000 0.00000 0.43862 0.13720 0.0000 0.06510 0.06510
Neg. Area Span 1 0.00000 —0.06138 —0.02232 0.00000 —0.09797 —0.56138 0.00000 0.00000
Pos Area Span 2 0.00000 0.00000 0.10286 0.00000 0.00000 0.00000 0.60000 0.13650
Meg. Area Span 2 —0.03086 —0.07714 0.00000 —0.07714 —0.07714 —0.07714 0.00000 —0.13650
Pos. Area Span 3 0.00670 0.01674 0.00000 0.01674 0.01674 0.01674 0.00000 0.00000
Neg. Area Span 3 0.00000 0.00000 —0.02232 0.00000 0.00000 0.00000 —0.06510 —0.06510
Total Pos. Area 0.10214 0.01674 0.10286 0.45536 0.15394 0.01674 0.66510 0.20160
Total Neg. Area —0.03086 —0.13853 —0.04464 —0.07714 —0.17512 —0.63853 —0.06510 —0.20160
Met Area 0.07129 —0.12179 0.05821 0.37821 —0.02117 —0.62179 0.60000 0.00000
“Usage:

Multiply influence ordinates for moment by length of span 1.
Multiply areas for moment by length of (span 1)2.

Multiply areas for shear by length of span 1.

Notes:

Area M(205)+ for span 2 is 0.1036, 0.1052, and 0.1029 for trapezoidal, Simpson s and

exact integration, respectively.
Areas V(205)+ and V(205)— for span 2 were computed by Simpson s integration.
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Table 5.7 A Action-envelopes-for-three-span continuous beam 100 120 100 0.t

~ 576-and 30480 mm)
Action Envelope
Live-Load Actions (Critical Values in Bold)
V+, kips _ V—, kips M, ft kips M-, ft kips
: 1.33 « 1.33 x 1.33x 133 x 133 x 1.33 x 1.33 = 1.33x 09x1.33
Location, Truck Tandem _ Truck Tandem Truck Tandem Truck Tandem  Train 0.9

fi 4+Lane +Lane Critical +lame +Lane Critical +Lane +Llane Critical +Llane  + Lane « Lane Critical
0 113.9 840 1139 145 =137 =145 0.0 0.0 0.0 0.0 00 00 0.0
10 86.2 79.8 9.2 149 =123 ~145 9899 B25.7 98059 _—1446 1172 1373 144G
20 79.6 6.4 7846 —202 —21.3° —Z1.3 16872 14248 16872 —2893 7345 — 276 —=289.3
an 64.1 hd.1 6d.1 —328 312 =328 21071 1BG3E 21071 —4339 -_3hl7 —411.8 4339
40 49.9 42 8 499 _46.9 —~41.7° 469 23015 19730 230015 5785 4689 —5491 —h78.5
50 7.2 32.6 ir2  -6l1.3 —hHZH. —61:3 22730 18547 22730 —7232 _5BR2Z -686:4 _723.2
60 26.0 23.7 260 =757 635 757 206510 17666 205100 —867A8 7034 8237 —BHIH
70 16.4 160 164 —802 746 -90.2 16184 14164 16184 10124 _B204 —961.0 10124
80 8.8 95 95 1043 —Bh6 —1043 10121 92849 10121 11571 9379 —1098.3 11571
a0 3.6 *3 43 -117.9 963 -1179 3854 436.0 4360 =14048 -11582 —1535.3 -—1535.3
100 3.4 2.8 34 1308 1065 1308 3415 2763 FEs -1E3R3 15513 24284 _24FR4
100 132.4 1082 1324 133 =168 =133 3415 2763 315 1353 15613 —24284 _24284
112 116.8 a5.8 1168 —13.6 ~I10 136 ' 4158 4645 4645 17214 10128 —1398.8 13888
124 100.4 828 1004 —-14.9 =152 152 11019 950.7 11018 9343 _756.2 —B46.6 —934.3
136 g3g 09,7 B38 253 —23.7 =253 17504 15166 17504 —Bl64 —6686 8194 _Blg4
148 676 569 e 378 =336 378 2511 18473 71511 —f0Es T —_5BEG2 —-8194 _BI94
160 52.1 44 8 521 =521 448 521 22710 19547 22710 —596.7 —509.8 —8194 8194
172 a7.e 33.6 are —-676 -B69 —676 21511 1B473 Z151.1 —jo65 —585.2 8194 _Bl%4
184 25.3 23.7 253 —Bas 687 —B38 17504 15166 17504 —Bl64 —66B.6 —8185 8195
196 145 152 15.2 —100.4 —-B28 -1004 11019 950.7 11019 —9344 _75562 —B466 9344
208 136 11.0 136 -—116.8B 958 -1168 4198 464.5 4645 12214 10129 —13988 13588
220 13.3 10.7 133 1324 _1082 _1324 3414 276.3 adl4: 18353 —1561.3 —24284 24284
220 130.8 106.5 130.8 —34 — 2B -34 3414 276.3 344 18353 _1561.3 —24284 _247R 4
230 117.9 95.3 117.9 —37 43 —-4.3 3587 436.0 436.0° 14048 11582 —1535.3 15353
240 104.3 856 104.3 —-8.8 —95 -85 10121 G289 10121 —1157.1 9375 =1098.3 =11571
250 90.2 4.6 902 164 160 -164 16184 14i64 16184 10125 _B2045 —851.0 10125
260 75.7 (3.5 m7 —-26.0 —23.7 —2pD 2051.1 17666 20511 8678 7034 —8237 —Bh7A
270 61.2 h2.5 61.3 372 —326 =372 22731 15548 22731 7232 _5BG2Z —686.4 —723.2
280 46.9 41.7 4609 499 428 459 23015 19731 23015 5786 4689 T T
280 328 B S R— T T 541 —p4]1 21071 18038 21071 4339 3517 —411.9 4339
300 202 2l.3 213 -T79.6 —6g4 736 1687.2 14248 16872 2893 2345 —2748 2893
310 14.9 121 1459 —_86.2 788 -95.2 9899 B25.7 9899 1446 1172 —137.3 1446
320 145 11.7 145 -113.9 —g4.0 —113.9 0.0 0 0.0 0.0 Q.0 o0 0.0

@ The truck, tandem, and train vehicle actions are multiplied by the dynamic load allowance of 1.33 prior to combining with the lane load.

AAIT CENG 5132 Fundamentals of Bridge Design

by Abrham G. (D

r.) and Yisihak G. (MSc)



~ Designof top flange ——

Design for Flexure

To design the top flange, follow similar procedure
with that of RC sections.

* Negative moment should be taken at the face of the girder.

Shear Reinforcement

Slab bridges designed for moment in conformance with

Article 4.6.2.3 may be considered satisfactory for shear.
(AASHTO Article 5.14.4.1)

Check Serviceability Limit Requirements
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__Distribution Reinforcement————

According to AASHTO, article 5.14.4.1, if the main reinforcement is
perpendicular to the traffic, the amount of bottom transverse
reinforcement may be taken as a percentage of the main
reinforcement and a minimum spacing of 25omm.

P.=min|67,3840/VSe]
. = Percentage of distribution reinforcement

Se = Clear spacing of girders = G.-b

Shrinkage & Temperature Reinforcement

As indicated in AASHTO, section 5.10.8, reinforcement for
shrinkage and temperature reinforcement shall be provided near
surfaces of concrete exposed to daily temperature changes. The
specified amount of the steel should be distributed equally on both

sides. 0.75 4
Al E

t
5
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— —Design of Longitudinal Girders

According to AASHTO, Table 2.5.2.6.3.1, minimum
structural depth (including deck) for simple span T- and
Box beams is given as follows :
D —a L
where:
D, : structural depth for simple span T- and Box beams

L : ¢/c spacing of the bridge
a = 0.07 for T-girder and 0.06 for Box-girder bridges

For continuous spans:
a=0.065 for T-girder and 0.055 for Box-girder bridges
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Design of Longitudinal Girders ...
Web thickness

e The minimum web thickness shall be determined by
requirements for shear, torsion, concrete cover and
adequate field placement and consolidation of concrete.
As per AASHTO, article C5.14.1.5.1C, the minimum web
thickness, b, (mm)is given by

200 mm for webs without prestressing ducts

b, =< 300 mm for webs with only longitudinal or vertical ducts

| 380 mm for webs with both longitudinal and vertical ducts
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Design-of Longitudinal Girders...

B b
1B | Iy
Dy D

Interior Girder Exterior Girder

Cross sections of T- girder

Effective flange width:

As the longitudinal compressive stress varies across the flange
width of same level, it 1s convenient in design to make use of an
effective flange width, (may be smaller than the actual flange
width) which 1s considered to be uniformly stressed.
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e T e—, s B
—  Design of Longitudinal Girders ...

-

Effective Flange Width for interior and exterior beams
(AASHTO Article, 4.6.2.6)

For interior beams, the effective flange width may be taken as
the least of:

*One-quarter of the effective span length; Ly

= 12 times the average depth of the slab, plus 4

the greater of web thickness or one-half the b, = mn

width of the top flange of the girder; or 121 +b,
*The average spacing of adjacent beams s
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e E Lﬂﬂgitudjnal(}irdersﬁ«r/

Effective Flange Width for interior and exterior beams
(AASHTO Article, 4.6.2.6)

For exterior beams, the effective flange width may be taken
as one-half the effective width of the adjacent interior beam,

plus the least of:

*One-cighth of the effective span length; I
6 times the average depth of the
slab, plus the greater of one-half the web bg—%:min 61, +-
thickness or one quarter of the width of
the top flange of the basic girder; or width of overhang
* The width of the overhang
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~— Load Distribution Factors for the Girders:

For moment:

The live load flexural moment for interior and exterior
beams with concrete decks shall be determined by
applying the lane fractions

For shear:

The live load shear for interior and exterior beams
shall be determined by applying the lane fractions
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/L/nﬁlistnbutmn Factors for the Girders:

TV VTV

The load carried by each girder is a function of the relative stiffness of
the components that comprise the slab girder system

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



e

— Load Distribution Factors for the Girders:

Distribution of Live Loads Per Lane for Moment in Interior and
Exterior Longitudinal Beams. (AASHTO, from Tables 4.6.2.2.2b-
1t04.6.2.2.2e-1)

Distribution of Live Loads Per Lane for shear in Interior and
Exterior Longitudinal Beams. (AASHTO, from Tables 4.6.2.2.3a-
1t04.6.2.2.3c-1)

If the ranges of applicability are not satisfied, then
conservative assumptions must be made based on sound
engineering judgment.
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Table: Dismbaoon of Live Load per Lane for Moemeat in Intenior Beam

Applicable
S5 Cross-section A
Type of Beams from Figure Distribuiion Factors L
i 21 T
1 Cme Desien Laps Leaded: 573700 5= 1800
':”“:"E"E e Two of Mog= Desizn Lanes Loaded
Wood Beans ,
55000
2, 8 k and also | Ome Destan Lane Loaded 11005 524000
1, jif 116 £¢% 300
suffciently [ 0.06+[_s | _r” ]’ SOL0ZLET3000
Coocrete Deck, Filled | conmected to 4;-3-3 N, =4
Grid, or Pardally act 35 & umit
Filled Grid on Steel ar Tw.'-:-ﬂr"rI-:-:reE-e:igane.I_uadﬂi
Corereie Beanys: l
Concrete T-Beams, 0075+ LL |i E.,
T-and Dioubde T- 300 X
Sections
Use lpsser of the vahaes obsained from - (T4, =3
the equation above with M. = 3 orthe
lever nule
d Cme Desien Lare Loaded: 2100554000
R 18 000 =L =
175+ s | fon e[ a]ee | 7an00
Multicell Concrete T M £
o Twe of More Desizn Lanes Loaded
1 r B NE  use
[Eil“H]Ll ]’E =g
L) Laspd b ]
a Cme Desipn Lane Loaded: 5% 1800 mm
S2300 I 1, < 100 mm
Sieel Grids on Steel SE050IEt, 2 100 nm
Eeans Two or More Desizn Lanes Toadad:
S2400 It < 100 mm S % 3200 mm
SE05 It 2 100 mm
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f/”“’Lf(ﬁd Distribution Factors ...

Table. Disoribumon of Lnve Loads por Lame for Momeryt in Exterior Lonernudimal Beams

Applicable Cross- | One Desizn Two or More
Type of section from Lane Desien Lanes Kampe ut
SpeEsTACherS Figure 13-1 Loaded Loaded Appicaly
wood Deck on W ood a1l Lewer Bula Laver Hizla BA
or Sreel Beam
Concrete Dedk on L Lever Fale Lever Fale NA
Wood Beams
2, e kand Lever Fale E = B P 30054, < 1700
e, also i, j H
cTﬁTﬁ-mMP \ ?“E'il_ sufEciently e=077+4,
e £ connectad o act as 2800
Filled Gnd oo Sresl o1 ; . e
_ A LLTE Usa leszer of the N, =3
Concrere Beams: ibane otk
Concrete T-Beams. T o
and Double T Sectons e =1
or ihe lever rals

by Abrham G. (Dr.) and Yisihak G. (MSc)
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oad Distribution Factors. ..

Table -Dnstombution of Live Load per Lane for Shear in Interior Beam:s

Type of Applicable Ome Desiem Two or More Eange of
Saperstruciore Cross-sechon | Lamwe Losded Dresipm Lames Apphcabibry
from Eigare Loaded
131
Concrete Deck on ] Lever Fule Lever P WA
Wood Beams
Copcrete Deck, Filled a e kand 1100 = § =400
Gred. or Dartially alsoij if | 036+ 8 02+ S S T | 6000 5L < 7300
Filled Grd on Seel or | suffciemtly Tk 3500 _iE-.'-'DJ 1105t < 300
Concrede Beans: connected 1o HR 4107 <k, < I10”
Copcrete T-Beams. T act as 3 \ums N, 24
and Double T Secthons i ke P W =3
Mniti-call Comcrete d . 1800 = 5 2 4000
Bos Beams, Box [ —nﬁ“v&j: i’_L]” F]“* 6000 = L < 73000
Sections 2L 15 L 220IL J 800 < d < 2900
N; 23
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Load Distributien-Eacfors ... _
Table: Distribution of Live Load Per Lane for Shear in Exterior Beams

Type of Applicable Omne Two or More Range of
Superstruciure Cross-section Deesign Design Lanes Applicability
from Figure 13-2 Lane Loaded
Loaded
Wood Deck on Wood a l Lever Rule | Lever Bule N/A
of steel Beams
Ceoncrete Deck. Filled a, e kand LeverBule | z=e B 300 <d, <1700
Grid, or Partally Filled alzo 1,y of
Grid on Steel or sufficiently B=06%_d :
Concrete Beams: connected to act 3000
Concrete T-Beams, T- a5 A it Lever Bule Ny =3
and Double T-Beams
Multi-cell Concrete d Lever Rule | 2= € B s
Box Beams, Box
Sections 0=064+ 4, .
3800
Steel Grid Deck on a Lever Rnle | Lever Bule NFA
Steel Beams

Where: S = spacing between girders {mm)

L. = Length of Girder (mum)
t: = thickness of slab {mm)
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span length=25 m, Web space=2.9 m

|
S 0.8+
o :
& ;
= |
b= 0.6 1
O -
5 :
E 0.4 1
) - o- o
2z 02+ TT=e-T"
] E

s - =6- = BESM: one lane = =¥ = LRFD: one lane

3 F | =& BESM: multiple lanes == LRFD: multiple lanes
0 1 2 3 4 5 6 7 8
Web No.
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“Distribution of Loads to ITnterior-Girder forﬁirder—S%mﬁﬁ/

-

l Dparapet

Dparapet l

Ltruck
Llane
Dwearing surface
——— | |——|
Ddeck
Sqar/2 sgdrx2_‘

o

Dgirder

The general equation for loads applied to the interior girder is as follows:

+2D

Dwearing surface
Total Load =D 4, + Dy +

No. of Girders

_— J +[OF ) L + Lo )]
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tbution of Loads fMiﬂerioLGiLderM

D parapet

Dparapet
I—truck

Dwearing surface

I T B T A A AT A A

The general equation for loads applied to the exterior girder is as follows:

D__ 2D
Total Load =D, + Dy + [ wearing sutace £ parapr } e g, o 45

No. of Girders

WisDOT Bridge Manual, Jan 2019
State of Wisconsin
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_ Design Moment ——

The design moment is computed by combining the effects of dead
loads and live loads and applying the corresponding load
combinations and load factors specified in AASHTO, Table 3.4.1.1.

M_ =n(.25M,, +1.5M,,, +1.75M,, ,,)

For strength limit state n=1.05- for critical or essential bridges.

where:
M, - design moment
My, : dead load moment
My,  :dead load moment from wearing surfaces
M, . moment from live load and impact and given by

=133max (M,. M_)+M,

M, : moment from Truck load
M, : moment from Tandem load
M, : moment from lane load
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__Design for flexure

To design the longitudinal girders, follow
similar procedure with that of RC sections

Three distinct type of flexural behavior of T-Sections:

1. When the T-Section 1s subjected to negative BM, tension 1s

produced on the flange portion resulting in a rectangular
section of Width b .

2. When the T-Section 1s subjected to positive BM and the
equivalent stressed block lies within the flange (if the
calculated depth to the NA 1s less than the slab thickness /),
the section can be analyzed as rectangular beam with an
effective width b,

3. When Y> h, the section can be analyzed as a T-beam.
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esign for Shear

Nominal shear resistance
The section i1s check for maximum shear and thus shear reinforcements are designed.

noT— { Vet+Vs where: Vn is the nominal shear strength
0.25%b.d, = 2.305 MPa Ve = shear strength provided by the shear reinforcement
bv = effective web width
V. =0.0838 \/?} b.d, dv = effective shear depth
Vs = A L£d/S S = spacing of shear reinforcement
Spacings

Determine Vy; (the design shear force) at a distance dv from face of support.

e A f.d cotf - A1
v 0.083 /' 5o 2 =A£/0.5E D
for V, <0.1f.b,d,. S <0.8d, <600mm Ay =z g‘?’-fn Vs=(Vu/yz )-Ve. 9=0.9

for ¥V, =0.1£.b,d,. S < 0.4d,, = 300mm

M /d. +0.5VF, cot@

g =_ D e = 0.002
X E_A
"y oy
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SHEAR AND TORSION REIN. IN

BEAMS

)

O

:

Stirrups taken round outermost
bars spacing<=x1

/ <=(x1+y1)/4

<=300mm

Min 0.2%bd to control deflection as

well%r Ismic requl.

Skinrein.10diais _—1 p

required when depth ———_
exceeds 450mm(0.1%
of web area distributed

equally on two faces) | D

INCORRECT
1 —
\.’j\ 62 ! n
=] 3
“u.h._‘_‘ il ;E{Srfm D-r=500mm
B @
] ) 3 _.._"?L
X1 CORRECT
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Procedures to compute 3

Assume 0

J-M"D dr +{}_3VD cotd

Computeg, ©x = E = 0.002
Calculate V_/f'.(<0.25)
Obtain 01 and  from Table 5.8.3.4.2-1

If 6= 01 are the same, Use the value of 3 which was obtained
from Table 5.8.3.4.2-1.

Using 3, compute V_ 7. =0.08358".bd,
Otherwise repeat the procedure.
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_ Design for Shear ...

Table 5.8.3.4.2-1 Values of §j and [} for Sections with Transverse Reinforcement.

Yu £, % 1,000
I
=020 | =010 | =005 <0 [=0.125| =025 | =050 | =0.75 | <l.00
223 204 21.0 21.8 243 | 266 305 | 337 36.4
6.32 4.75 4.10 | 375 324 | 294 250 | 238 22
18.1 204 21 4 22.5 249 | 27.1 08 | 340 | 367
379 | 338 324 | 314 201 | 275 250 | 232 2.18
19.9 219 22 8 23.7 259 | 279 314 | 344 37.0
3.18 2.99 294 | 287 274 | 262 242 | 226 2.13
216 253 24 2 25.0 26.9 28.8 321 349 373
288 | 279 27k | 27 260 | 252 236 | 221 2.08
232 24.7 255 26.2 280 | 297 7 | 52 36.8
2.73 2.66 2.65 2.60 252 | 244 228 | 214 1.96
24.7 26.1 26.7 27.4 200 | 306 3128 | 345 36.1
2.63 2.59 2.52 2.51 243 | 237 2.14 1.94 1.79
<0.225 26.1 273 279 2.5 300 | 308 323 | 340 35.7
2.53 2.45 2.42 2.40 234 | 214 1.86 1.73 .64
<0.250 27.5 28.6 201 29.7 306 | 313 328 | 343 35.8
239 | 239 233 233 212 | 193 1.70 1.58 1.50

More details on the procedures used in derving the tabulated values of 8 and J are given in Collins and
Mutchell (1991).
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Check:
- Serviceabilty imit requirements,
- fatigue limit state
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+ Gpan lengih, width of Bridze dimensions to be

o  Marerials Properties [conoete, stesl}

designed

l

DECE ANALYSIS AND DESIGN

!

Determane positive and negative live load
moment Saip widths

¥

Salect applicable load factors Load
Combinations and Load mediSers

)

Caloulate fop flange thicmess. t,
*
Dretermins Dead iead force efects

!

Fewize the Section

Caliikite T ive Tosd fonce effecis, And Joad

Tansfered o girders.
i

*

Caloalate positve and nemative
Digizn Moments

s thie Al Gl B——
. Usitmempafod?

—
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|

| »  Caloulae Reiforcements |
Ingeasethe
Feinforament

THE DESIGN IS OK!

Dack overiang and curb desigms

i
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* —
| GIRDERS ANALYSIS & DESIGN |

| Dejernmpe dismibuticn factors for sheasr & momenss, |
-
Select applicabie load factors. Load coombinations
and Load modifers.

-
Calcolate web depih,
o and web width,

*
Calcplate dead load force effects due te wel and diaphragzmss
for ipterior & exrersor EEders

Fevize the Section l

Calculate distritnsted Live Load Mopments & Shear

I

Caloelate Design Moments

*

i e S
_— ——

""" 1 the depth sufficed? | ————e_

o B —'=':___ [
__;__
"I Calcubzie Feinforcements
Increase the Beinforcensent -|Ir
E d______———__'__ o —— =
Le———— Iz Service & Fatizgwe Limit States T ——

T satizfied? B

— i
—— e

]

| THE DESICN IS OK! |
-

| Dretermine Shear Eeinforcements |

.

Determine Total smounts of materials required.

Flow chart for the design of RC girder bridges
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T-GIRDER BRIDGE DESIGN
Design Data and Specifications

i) Material Properties
Steel strength, f=
Concrete strength, £, =
Concrete density, y. =
Bituminous density. y, =
The modulus of elasticity of steel, E; =
ii) Bridge Span and Support Dimensions
Clear span of the bridge,C,=
Road way/ clear carnage width, R, =
Bottom width of the concrete barrier/ post, B~
Curb width mcluding B, (B.+C,,) =
Curb depth Cy =
Bearing shelf width, W, =
Girder Spacing, G, =
Diaphragm Spacing, D, =
Number of Diaphragm/s=
Skewness=
Concrete Barrier wall 1s used.
Thickness of Asphalt Layer (Wearing Surface) =
Concrete Cover for the slab (bottom) =

Concrete Cover for the slab (top) =
Concrete Cover for the girders =

AAIT CENG 5132 Fundamentals of Bridge Design

400 MPa
28 MPa
2400 kg/m’

2250 kg/m’
200 GPa

15m
732 m
0.35 m
1.1 m
0.25 m
0.5 m
23m
5m
4
[‘} o
5 kN/m
100 mm

25 mm
60 mm
50 mm

* Design Method: LRFD

Specifications:
-AASHTO LRFD Bridge Design
Specifications, 4th ed. 2007

-Ethiopian Roads Authority, ERA
Bridge Design Manual, 2013
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BoxGirder Bridges  ——

Box-girder bridges contain top deck, vertical web, and
bottom slab with girders spaced at 1.5 times the structure
depth.

Concrete box girder bridges are economical for spans of
above 25 to 45m. (Chinese Standard 15 to 36 m)

They can be reinforced concrete or prestressed concrete.
Longer span than 45m will have to be prestressed.

They are similar to T-beams in configuration except the
webs of T-beams are all interconnected by a common
flange resulting in a cellular superstructure.
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= Box GirderBridge ... —

The top slab, webs and bottom slab are built monolithically
to act as a unit, which means that full shear transfer must
be provided between all parts of the section.

Reinforced concrete box girders have high torsional
resistance due to their closed shape and are particularly
suitable for structures with significant curvature.

They provide space for utilities such as water and gas lines,
power, telephone and cable ducts, storm drains and sewers,
which can be placed in the hollow cellular section.

When the exterior webs are inclined their slope should
preferably be 1H: 2V.
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Concrete box girder bridges have several advantages over
other types;

The relatively shallow depth of box girders is all
advantage where headroom is limited like in urban
overpasses.

Monolithic construction of the superstructure and
substructure offers structural as well as aesthetic
advantage.

The high torsional strength of the box girder makes it
particularly suitable for sharp curve alignment, skewed
piers and abutments.
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ox Girder Bridge . ..

The effect of curvature on the torsional behavior of a
oirder must be considered regardless of the amount of
curvature since stabihity and strength of curved giders is
different from that of straight girders (Hall and Yoo, 1996).

In lieu of a refined analysis, Eq. C4.6.1.2 4b-1 may
be appropriate for determuming the lateral bending
moment m I-girder flanges due to cuwrvature
(Richardson, Gordon, and Associates, 1976; United

States Steel, 1984).

M

T NRD

(C46.1.2.4b-1)

where:

M, = flange lateral bending moment (kip-ft)

M = major-axis bending moment (kip-fi)

£ = unbraced length (ft)

R = gurder radius (fi)

D = web depth (ii)

N = aconstant taken as 10 or 12 in past practice

AAIT CENG 5132 Fundamentals of Bridge Design
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Horizontally curved cast-in-
place multi-cell concrete box
girders may be designed as
single-spine  beams  with
straight segments, for central
angles up to 34 degrees within
one span, unless concerns
about other force effects dictate
otherwise.
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> Box Girder Bridges o

Effective Flange Width for interior and exterior beams
(AASHTO Article, 4.6.2.6)

For interior beams, the effective flange width maybe taken as

the least of:
*  One-quarter of the effective span L,
length; 4
. 12 times the average depth of the h=min{ 12 +h,

slab, plus the greater of web thickness
or one-half the width of the top flange
of the girder; or

 The average spacing of adjacent beams

~ webspacing
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== Box Girder Bridges ...

Effective Flange Width for interior and exterior beams
(AASHTO Article, 4.6.2.6)

For exterior beams, the effective flange width may be taken
as one-half the effective width of the adjacent interior beam,

plus the least of:
*One-eighth of the effective span length;

= 6 times the average depth of the slab, plus 3
the greater of one-half the web thickness or L e e
one quarter of the width of the top flange of  * 2 | = 2

the basic girder; or
* The width of the overhang

~ widthof overhang
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— Box Girder Bridge ...

Bottom Flange thickness

For Box-girder bridge, as specified in AASHTO, article
5.14.1.5.1b, the bottom flange thickness shall be not less
than:

140mm;

the distance between fillets or webs of non prestressed
girders and beams divided by 16; or

the clear span between fillets, haunches, or webs for
prestressed girders divided by 30, unless transverse ribs at
a spacing equal to the clear span are used.
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Bottom slab Reinforcement

(AASHTO article 5.14.1.5.2b / ERA Bridge design manual 2013 , article

5.5.2.4)

A uniformly distributed reinforcement of 0.4 percent of the
flange area shall be placed in the bottom slab parallel to the
girder span, either in single or double layers. The spacing of
such reinforcement shall not exceed 450mm.

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



—

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



- SkewedBridges ==

e e T e e a e S e = e
When the line supports are skewed and the difference between skew

angles of two adjacent lines of supports does not exceed 10 degrees, the
bending moment in the beams may be .

Table 4.6.2.2.2e-1-Reduction of Load Distribution Factors for Moment in
Longitudinal Beams on Skewed Supports

Applicable Cross-

Section from Table | Any Number of Design Lanes Range of
Type of Superstructure 46221-1 Loaded Applicability
Concrete Deck, Filled Grid, a.e kand 1-¢,(tan B}:'i 30°< 8= 60°
Partially Filled Grid, or Unfilled also 1. § ' 35<5<16.0
Grid Deck Composite with if sufficiently R T 0<L<240
Reinforced Concrete Slab on connected foactasa | 0 ?S'r K, ‘ 5 \“l ' Ny=4
Steel or Concrete Beams; umit AR ) )
Concrete T-Beams, T- and
Double T- Sections £ 6 < 30° then ¢, = 0.0

£ 6> 60° use 6 = 60°

Concrete Deck on Concrete bcdfg 105-025tan8<10 0°<p=60°
Spread Box Beams. Cast-in-
Place Multicell Box Concrete 1£0>60" use 0=60"
Box Beams and Double T-
Sections vsed m Multibeam
Decks
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Table 4.6.2.2.3c-1—Correction Factors for Load Distribution Factors for Support Shear of the Obtuse Corner

Applicable Cross-Section Range of
Type of Superstructure from Table 4.6.2.2.1-1 Correction Factor Apphicabahty
Cc-m;rete De::k- Fi}led Grid, A k and also 1. f 12 0Lt » 03 0® <8 < 60°
Partially Filled Gnid, or Unfilled if sufficiently connected to | 1.0+020( ——= ta11 6 35< S <160
Grid Deck Composite with act as a umit . K, ) R
Remnforced Concrete Slab on Steel e
or Concrete Beams: Concrete T- N, =4
Beams. T- and Double T-Section
Cast-in-Place Concrete Multicell d (Foce: AEEN 0° <8< 60°
Box HOH 02+ B0 | 60<s<130
<L <240
35=2d 110
N 23
Concrete Deck on Spread Concrete b.c 1d " <B6=60°
Box Beams 12.0 60<5=115
l.ﬂ+?mnﬁ 20 < I <140
18=d 65
N, z3
Concrete Box Beams Used 1n f, y) 0° <8< 60°
Multibeam Decks : 1.0+ 15; {E;r‘Ii Jian® 20<L<120
17<d <60
3I5Zh=60
S<N, <20
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yutments

Reslst veriical loads Abutment is component of
from superstructure a bI‘l d g e

Wf‘ provides the vertical
support to the bridge
superstructure at the

| Y bridge ends
Retain -8 >
embankment Resist horizontal loads connects the brldge

from superstructure :
with the approach
roadway

TR,

retains the roadway
base materials
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~— Abutments and Retaining Structures . . .

Types of Abutments

Abutments can be classified based on the load
resisting mechanism as:

1. Gravity abutments: resist the load acting with its
dead weight and dead weight of retained soil or
backfill on its inclined back face.

2. Cantilever abutments: load resistance derived
from cantilever action and usually constructed from
reinforced concrete.
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~— Abutments and Retaining Structures . . .

Types of Abutments .....

3. Counterfort abutments: are similar to cantilever
ones but ties called counterforts are provided to tie
the stem to the footing.

4. Reinforced earth abutments: The essential
concept is the use of multiple-layer strips or fibers to
reinforce the fill material in the lateral direction so
that the integrated fill material will act as a gravity
retaining structure
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butments and Retaining Structures

Types of Abutments .....

R

(1) 2) 3) 4)
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~ —Abutments and Retaining Structures . . .

An abutment should be designed so as to withstand
damage from:

e Earth pressure (Vertical and lateral soil pressures)

e gravity loads of the bridge superstructure and
abutment,

e live load on the superstructure or the approach fill,
e wind loads, and

e transitional loads transferred through the connections
between the superstructure and the abutment.

e live-load surcharge on the abutment backfill materials
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~Abutments and Retaininngtructures"’.' S

= =y =

Step 1. Select preliminary proportions of the wall.
Step 2. Determine loads and earth pressures.

Step 3. Calculate magnitude of reaction forces on
base.
Step 4. Check stability and safety criteria

a. Location of normal component of reactions

b. Adequacy of bearing pressure

c. Safety against sliding.
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Step 5. Revise proportions of wall and repeat Steps
2-4 until stability criteria are satisfied and then
check

a. Settlement within tolerable limits

b. Safety against deep-seated foundation failure.

Step 6. If proportions become

unreasonable, consider a foundation supported on
driven piles or drilled shafts.

Step 7. Compare economics of completed design
with other wall systems.
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Abutment Type Selection

The selection of an abutment type needs to consider
all available information and bridge design
requirements. Those may include bridge geometry,
roadway and riverbank requirements, geotechnical
and right-of-way restrictions, aesthetic requirements,
economic considerations, etc.

Knowledge of the advantages and disadvantages for
the different types of abutments is important in
choosing the right type of abutment for the bridge
structure.
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Selection of abutments

~1. Construction and maintenance cost.

2. Cut or fill earthwork situation.

3. Traffic maintenance during construction.
4. Construction period.

5. Safety of construction workers.

6. Availability and cost of backfill material.

7. Superstructure depth.

8. Size of abutment.

9. Horizontal and vertical alignment changes.
10. Area of excavation.

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



Selection of abutments...

= Aesthetlcs and similarity to adjacent structures.
12. Previous experience with the type of abutment.
13. Ease of access for inspection and maintenance.

14. Anticipated life, loading conditions, and acceptability
of deformation

Abutment Wingwall

Abutment wingwalls act as a retaining structure to prevent
the abutment backfill soil and the roadway soil from
sliding transversely.

A wingwall design similar to the retaining wall design.
However, live-load surcharge needs to be considered in
wingwall design.
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e Abutments wing wall . . .

Wing walls are analyzed as cantilevers extending
from the abutment body.

Wing walls must be long enough to retain the
roadway embankment based on the allowable
slopes at the abutment. A slope of 2:1 is usually
used, and a slope greater than 2:1 is usually not
permitted (WisDoT 12.4.1 ).

During design of abutments and wing walls, all
the load modifiers are takes as unity.
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~——Abutments and Retaining Structures . . .

Abutment Slope Protection

Flow water scoring may severely damage bridge
structures by washing out the bridge abutment

support soil.

To reduce water scoring damage to the bridge
abutment, pile support, rock slope protection,
concrete slope paving may be used.
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Piers are an integral part of the load path between the superstructure and the
foundation. Piers are designed to resist the wvertical loads from the
superstructure, as well as the horizontal superstructure loads not resisted by the

* Piers provide vertical supports for
spans at intermediate points and
perform two main functions:

* transferring superstructure vertical
loads to the foundations

* resisting horizontal forces acting on

the bridge

» Resisting high lateral loads caused
by seismic events.
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Generally piers are subjected to the following loads:

Vertical and horizontal loads from the bridge
superstructure (DL)

Live loads and impact from the superstructure
Wind loads on the structure and the live loads
Centrifugal force from the superstructure

Longitudinal force from live loads (vehicular
braking force)
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= Piers . ..

Drag forces due to the friction at bearings
Stream flow pressure

Ice pressure

Earthquake forces

Thermal and shrinkage forces

Ship impact forces

Force due to prestressing of the superstructure
Forces due to settlement of foundations
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Design Criteria: In general, the design of a highway
bridge pier should address:

Resistance to overturning;
Resistance to sliding forces;
Bending strength

Bending strength is dependent upon the axial force;

Bending moment will be magnified by the axial force
due to the P-A effect.

Shear strength In the plastic hinge zone of a pier,
the shear strength is also influenced by bending.

Resistance to earthquake (consideration of
ductility)
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To design piers, use the
classical approch

Flexural resistance of a concrete member is dependent upon the
axial force acting on the member.

Interaction diagrams are usually used as aids for the design of
the compression members.
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The total cross-sectional area of rectangular hoop (stirrup) reinforcement

The total cross-sectional area 4,;, of rectangular hoop (stirrup)
reinforcement for a rectangular column shall be either

- 1.
A, =0.30ah, L= {‘—3 -4 ]
or Tk

2 | .25P
Am:U.IEcmci[U.ﬁvi— 1 ”J

[3

4

v e

whichever is greater

where

a = vertical spacing of hoops (stirrups) with a maximum of 100 mm (mm)
A, = area of column core measured to the outside of the transverse spiral reinforcement (mm?)

A, = gross area of column (mm?)
A, = total cross-sectional area of hoop (stirrup) reinforcement {mm?)
f! = specitied compressive strength of concrete (Pa)

f,, = vield strength of hoop or spiral reinforcement (Pa)

fl( core dimension of tied column in the direction under consideration (mm)

p, = ratio of volume of spiral reinforcement to total volume of concrete core (out-to-out of spiral)

P, = factored axial load (MN)
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—Piers...

Shear Strength

Under the normal load conditions, the shear seldom
governs the design of the column for conventional bridges

since the lateral loads are usually small compared with the
vertical loads.

- In seismic design, the shear is very important.

- AASHTO LRFD provides a general shear equation
that applies for both beams and columns
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Solid Wall Pier: A solid wall pier consists of a solid
wall which extends up from a foundation consisting
of a footing or piles.
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Pier Types. ..

Hammerhead Pier: A hammerhead pier utilizes one
or more columns with a pier cap in the shape of a
hammer.
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Column Bent Pier: A column bent pier consists of a

cap beam and supporting columns in a frame-type
structure.

Multi-Column Piers

A minimum of three
columns shall be
provided to ensure
redundancy should a
vehicular

collision occur.
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Pier Types . . .

Pile Bent Pier: The pile bent pier is a variation on
the column bent pier with the supporting columns
and footing replaced with individual supporting
piles.

i
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Pier Types . . .

Pile Bent Pier: The pile bent pier is a variation on
the column bent pier with the supporting columns
and footing replaced with individual supporting
piles.
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Location of Piers

Piers shall be located to provide a minimum interference to
flood flow. In general, place the piers parallel with the
direction of flood flow.

Load Application

When determining pier design forces, a thorough

understanding of the load paths for each load is critical to

arriving at loads that are reasonable per AASHTO LRFD.
Loading Combinations

Piers are designed for the Strength I, Strength III, Strength V and
Extreme Event II load combinations as specified in LRFD [3.4.1].
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~ FEoading Combinations

Load Load Factor

Combination DC DW LL+IM | WA [ WS |WL|FR|TU]| IC
Max. | Min. | Max. | Min. BR CR | CT

Limit State CE SH | cv
Strength | 1251090 | 1.50 | 0.65 175 (100 | 0.00 | 000 | 1.00 | 0.5* | 0.00
Strength [ll | 1.25 | 0.90 | 1.50 | 0.65 000 (100 (100|000 100 05" [ 0.00
StrengthV | 1.25 1 090 | 1.50 | 0.65 135 | 1.00| 1.00 | 1.00 | 1.00 | 0.5* | 0.00
Service | 1.00 1 1.00 | 1.00 | 1.00 100 | 100100 (100 | 1.00 | 1.00 [ 0.00
Extreme 125 (090|150 | 065 | 050 | 1.00 ({ 0.00 [ 0.00 | 1.00 | 0.00{ 1.00

Event Il

Remark: Reinforced concrete pier components are also checked

for the Service I load combination.
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Scour is the washing away of streambed material by water
channel flow. Typically, scour occurs when the water channel
becomes narrowed or constricted.

The removal of material from under a pier’s foundation, often
associated with scour, is known as undermining or
undercutting.

[f scour occurs at a specific localized point in the
channel, it is known as local scour.

If scour takes place over a large area of the channel
it is known as general scour.
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Assessment

Derive geotechnical thresholds

Low Risk High Risk

Detailed hydraulic scour
assessment

Plottotal scour depths vs.
geotechnical threshold

Define design scour depths
involving hydraulic, structural and
geotechnical engineers

Plot adopted scour depths on
bridge sectionincluding
geotechnical thresholds

Recommended scour assessment methodology (Art5.4.2 ,
Bridge Scour Manual, Austroads Guide to Bridge Technology, Jan. 2019)
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Bridge . No. A1-6- 008 along Gewane Undufo raod segment
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Scour protection is required when some restriction is made to

the flow of the flood.

Riprap scour protection
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Gabion and Reno mattresses
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Filter Blankets
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Vegetation cover
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Crash Barriers
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“Bearings

Bearings are structural devices positioned between
the bridge superstructure and the substructure.

Their principal functions are as follows:

1. To transmit loads from the superstructure to the
substructure, and

2. To accommodate relative movements between the
superstructure and the substructure.
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The forces applied to a bridge bearing mainly include
superstructure self-weight, traffic loads, wind loads, and
earthquake loads.

Movements in bearings include translations and rotations.
Creep, shrinkage, and temperature effects are the most
common causes of the translational movements, which can
occur in both transverse and longitudinal directions.

Traffic loading, construction tolerances, and uneven
settlement of the foundation are the common causes of the
rotations.
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" Types of Bearings

Bearings may be classified as fixed bearings and
expansion bearings.

Fixed bearings allow rotations but restrict
translational movements.

Expansion bearings allow both rotational and
translational movements.
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— Types of Bearings.. . .

Sliding Bearings
A sliding bearing utilizes one plane metal plate

sliding against another to accommodate
translations.

Rocker and Pin Bearings

It typically consists of a pin at top that facilitates
rotations, and a curved surface at the bottom that
accommodates the translational movements

Roller Bearings

Roller bearings are composed of one or more rollers
between two parallel steel plates.

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



~— Typesof Béarings... ="

Roller bearings have been used in both steel and concrete
bridges.

Elastomeric Bearings

An elastomeric bearing is made of elastomer (either natural
or synthetic rubber). It accommodates both translational

and rotational movements through the deformation of the
elastomer.

//7 // ,/ 7 x,/-"‘-y‘-'-"j‘"" Sole plate
// f Stainless steel surfoce e ot .-.,.
| / BTFE siidi ¢ g X Elastomeric pod
| ' 3iding sunoee = = Masonry plate
| — Steel reinforcement
Elastomer
ee| Reinfor I meric P ic Pad w/PT
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Generally the objective of bearing selection is to
choose a bearing system that suits the needs with a
minimum overall cost. The following procedures
may be used for the selection of the bearings.

Determination of Functional Requirements

Evaluation of Bearings
Preliminary Bearing Design
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- Design ot Elastomeric-Bearing

The design procedure is according to AASHTO-LRFD and
is as follows:

1. Determine girder temperature movement

2. Determine girder shortenings due to post-tensioning,
concrete shrinkage, etc.

3. Select a bearing thickness based on the bearing total
movement requirements

4. Compute the bearing size based on bearing
compressive stress

5. Compute instantaneous compressive deflection
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S Railings

Railings are provided along edges of bridges for protection of
traffic and pedestrian. There are three types of railings.

1. Traffic railings
2. Pedestrian railings
3. Combination railings

Purposes
- primarily containing the average vehicle
- protecting the occupants of a vehicle in collision with the
railing
- protecting other vehicles near the collision

- protecting people and property on roadway and nearby
areas underneath
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* Crash barriers keep vehicles within their roadway and
prevent them from colliding.

* Concrete barriers usually have smooth finishes

* These barrier walls usually have vertical faces to prevent
vehicles from climbing the barrier.

150mm
R

T Bamer wall
B

| Outside face
Inside face

600
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s Concrete 75‘3 sh Barriers
Design

Strength limit state and extreme event limit state are

considered for the design of barriers. The design forces for a

TL-4 barrier as per AASHTO: Table Ai13.2.1 is used.

Design forces for a TL-4 barrier (AASHTO: Table A13.2.1)

Direction Force (KN) Length(m)
Transverse (F,) 240 1.07
Longitwidinal (Fp) 80 1.07
Vertical (F,) 80 5.5
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Where:

Mj, - additional flexural resistance of beam 1n addition to M. if any, at top of wall (kN-m)

M, - flexural resistance of the wall about its vertical axis (kN-m)

Mz - flexural resistance of cantilevered walls about an axis parallel to the longitudinal axis of
the bridge (kN-m/m)

H - height of wall

L- longitudinal length of distribution of impact force, Ft (kN)

L. - critical length of yield line failure pattern (m)
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— CULVERTS

Culverts are cross drainage structures used to drain
rain run off collected by side ditches from one side
of the highway to the other.

Span<4m
Where the waterway opening is less than about
15m?, and particularly where the road crosses the

waterway on a relatively high embankment, a
culvert will usually be cheaper than a bridge.

AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



Culverts ...

Culverts are usually constructed from:
- Precast concrete jointed pipes

- Single or multi-cell reinforced concrete boxes,
prefabricated or built in situ

- corrugated steel pipes made of prefabricated
panels
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Total No. of Culverts= 35,026 (as of 2018)
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~ Types of Culverts
1- CONCRETE PIPE CULVERTS

» Cheap and often serves for several years

2- FLEXIBLE STEEL CULVERTS

e They are better suited to unstable conditions than rigid
concrete structures.

e They are also easier to transport and faster to construct
e Corrosion is a problem

3- REINFORCED CONCRETE BOX CULVERTS

« Twin or multiple cell box culverts are used where the horizontal
opening is more than about 4m.
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~LOW LEVEL WATER CROSSINGS

In favourable conditions, low level water crossings
can provide economical and relatively simple
alternatives to conventional bridges. These are of
two basic types:

e - fords and bed-level causeways

e - vented causeways and submersible bridges

Both types are appropriate for sites where traffic
volumes are low or where a reasonably short detour
provides access to an all-weather bridge.

For most of the year the maximum depth of water
over the carriage way should be less than 1i50mm.
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= - FORDS

Fords are the simplest form of river crossing
at places where the stream is wide, shallow
and slow, the approaches gentle, and the
surface firm.

All types of ford may require scour protection
on the downstream side
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Bridge Management ="

* Bridge Management is

* the means by which a bridge stock is cared for from
conception to the end of its useful life.

» a fundamental and crucial activities in order to

v maintain bridges in good conditions

v ensure safe bridges and prevent the bridges from
damages by conducting inspections and maintain
regularly.

v assessment/ decision making system/ development
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Bridge Management includes-
Collection of inventory data
Inspection (Regular, major ,Emergency)
Assessment of condition and strength
Repair works (Repair, strengthening or replacement)
Prioritizing allocation of funds

recording and updating of bridge data / bridge data
base /

Safety
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Bridge Management Cycle
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-An issue to maintain
a fully functioning
transportation.
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modern and existing

traffic is in question.
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Causes
» Overloading
»> Aging
» Poor design
» Poor construction

Major defects
» Flexural cracks,
»Shear cracks,
»Concrete peel off,
»Rebar exposure,
»Honey comb & abrasion
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Eﬁggs Inspectteﬂ\
one

the maintenance
management and all the technical
activities to maintain the function
of bridges to  mecet JNliE
requirement of the struc’gures
through its service life. "

» objectives of inspection

» to get the present condition on bridges

» to prevent damages by removing causes of damage
» to 1dentify damages in early stage & proper measures are

taken before serious damage develop

» to find progress of damage

» to try to reduce restriction and protection of safe and

smooth traffic
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According to ERA bridge inspection manual

Bridge inspections are classified into three types in terms of
purposes and frequencies.

* Regular inspection e Visual Inspection
e Major inspection ) : :
» Emergency inspection ® Detailed Inspection

Types and frequency of Inspection

Regular inspection — once a year / visual inspection /

Major inspection — once in every 3 years / detail
inspection/

Emergency inspection -shall be conducted when natural
disasters and severe traffic accidents may be occurred.
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~Visual Inspection

Visual inspection: as a preliminary step of bridge
assessment, involves gathering of data from existing
bridge via regular visual control based on various
standards. Results of inspection are saved in the
records (bridge book, sheets and digital files as well)
for further analysis.
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Cause of damage :-over loading
(Dec 06 /2012)
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Bridge failure due to overloading Gibe Bridge
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Most of bridges are constructed during Italian’s
invasion and serving for more than 7 decades and
currently they are not capable & suitable to the current
traffic flow and heavy loads due to aging, reduction in
load carrying capacity and accidental impact.
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Bridge Defects

No. Components

Damage/Defects

1 Concrete

Flexural crack

Shear crack

Concrete peel off’ delamination
ERebar exposure

Material deterioration

Honev comb

Abrasion

Potholes

2 Steel

Bent or damaged steel beams, girders, or truss members.
Cracked or spalled concrete members, other than curb and
railing.

Broken or weakened chord members of failed truss joints.
Unusual looseness or vibration of truss members.

Loosened or decaved timber deck over an extended area.
Defective bearings on substructure or in deck at expansion
joints.

Settled bents or piers.

Lack of paint on steel members. other than curb and railing.
Extensive fire damage.

Excessive noise or vibration from operating machinerv.

Lack of lubricant in machinerv bearings.

Loose bolts (signs of wear looseness of connections)

Broken timber stringers.

Ineffective supplemental bents

Buckling of components
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~—Maintenance '

Maintenance 1S an actions necessary for retaining or
restoring to the specified operable condition to achieve
its maximum useful life.

Maintenance applies to:
« Existing concrete deck repairs

Deck protective systems

Deck drainage

Bearings retrofit

Concrete structure repairs

Steel girders rehabilitation.

345
AAIT CENG 5132 Fundamentals of Bridge Design by Abrham G. (Dr.) and Yisihak G. (MSc)



e - T ——— —

—

*"yﬁ’ridge Maintenance is carried out for the following
reasons

¢ To keep the performance of a bridge to the required
level during its service life and ensure safety of users;

¢ To preserve the planned level of traffic safety and
quality during the whole lifetime of the bridge;

¢ To keep or increase the design load bearing capacity
of the bridge or its elements irrespective of the
occurrence of any defects or accident
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~ e Strengthening the structure by External prestressing
through the use of 6 post- tensioned high tensile steel
Cables and each consisting of 12 strands (increase load
carrying capacity of the bridge)
¢ The rehabilitation work carried out by Salini Costruttori
S.P.A, Nov 2007)
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Gebre-Hara Bridge

Alamata-Mehoni

Strengthening  the
Girders: using Steel-
Plate-Bonded
Reinforcement
(SPBR)
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- injected epoxy resin in the crack
\

Crack repaired using Injection method
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The End !



