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So…what is this manual?



So…what is this manual?

• Successful bridge construction relies 
on accurate geometry

• Provides basic principles to evaluate a 
number of different types of bridge 
geometry.

• Intended for bridge engineers and 
technicians at all levels…not just those 
starting their careers.

The foreword says it best…



So…what is this manual?

• The manual is broken up into three 
primary sections

• General topics
• Concrete topics
• Steel Topics

What types of geometry topics?
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A little history…

• The Federal Highway Administration 
began work on the manual with 
AASHTO and PCI, along with Corven 
Engineering

• Intent was to produce two separate 
documents (steel and concrete)

• The content was very concrete centric

Where it began



A little history…

• FHWA decided to combine the two 
documents into one

• To provide a more well-rounded bridge 
perspective, HDR was selected under 
an IDIQ contract with FHWA to provide 
a section on geometry topics related to 
steel bridge members.

• With subconsultant, Markosky 
Engineering, the steel section was 
developed and tied the previously 
written content to the new content.

A combined effort
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The General Topics



General Topics

• Influence of Bridge Geometry on 
Bridge Type, Span Length, and Layout

• Horizontal curvature
• Vertical and lateral clearances
• Skewed crossings

• Terminology
• Roadway terminology
• Bridge terminology

Introduction



General Topics

• Coordinate systems

• Baselines

• Circular curves

• Stationing

• Spirals

Roadway Horizontal Geometry



General Topics

• Vertical grades

• Vertical curves

• And all the points in between

Roadway Vertical Geometry



General Topics

• Effects of roadway curvature

• Normal crown

• Pivot points and superelevation 
transitions

Roadway Superelevation



General Topics

• Locating points on horizontal 
alignments

• Locating point offsets from horizontal 
alignments

• Projecting points onto horizontal 
alignments

• Creating offset horizontal alignments

Working with Horizontal Geometry
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The Concrete Topics



Concrete Topics

• First example bridge is introduced

• Geometric calculations discussed 
include:

• Locating coordinates of the bridge CL at 
each substructure unit

• Locating edge of deck coordinates
• Computing elevations along the bridge CL 

and edge of deck coordinates

• The concept of a beam/deck haunch is 
discussed

Geometry of Straight Bridges with 
Straight Precast Concrete Girders
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Concrete Topics

• The concept of tangent chorded 
beams with a curved deck is 
introduced.

• Sample calculations include:
• Establishing an offset alignment along CL 

of exterior beam
• Calculate coordinates and elevations
• Determining chord lengths and middle 

ordinates
• Haunch thicknesses along length of beam

Geometry of Concrete Curved 
Bridges with Straight Precast 
Concrete Girders



Concrete Topics

• A brief introduction to precast concrete 
segmental bridges

• Common construction methods

• Match-Casting by the Short-Line 
Method

Geometry of Precast Segmental 
Bridges



Concrete Topics

• Concepts and equations for 
establishing precast concrete segment 
geometry using global coordinates

• Centerline of segment beginning and end 
points

• Segment wingtip and geometry control 
coordinates

• Locating pier segments
• Overall geometry control during 

construction

Geometry of Precast Segmental 
Bridges



Concrete Topics
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Concrete Topics

• Geometric considerations for girder 
precasting and erection

• Horizontal layout
• Segment length and superelevation
• Transformation from casting bed to a 

location in the bridge

• Example calculations are provided
• Determining working points
• Figuring out segment lengths
• Transforming 10th points from local to global

Geometry of Precast Concrete 
U-Girder Bridges
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Steel Topics

• Vertical camber and other vertical 
displacement considerations

• Deck placement effects
• Staged Construction effects
• Vertical camber for curved steel I-girders

Geometry of Steel I-Girder 
Bridges
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Steel Topics

• Example bridge
• Establish offset alignment to outside girder
• Deck elevations at 1/10th points
• Vertical curve adjustment for camber

Geometry of Steel I-Girder 
Bridges



Steel Topics

• Example bridge
• Establish offset alignment to outside girder
• Deck elevations at 1/10th points
• Vertical curve adjustment for camber

Geometry of Steel I-Girder 
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Steel Topics

• Steel I-girder behavior and geometry changes under load
• Straight skewed bridge behavior related to perpendicular crossframes and differential 

deflections
• Girder layover at bearings
• Horizontally curved I-girders

Geometry of Steel I-Girder 
Bridges



Steel Topics

• Geometric Modeling
• Skew Index
• Connectivity Index

Geometry of Steel I-Girder 
Bridges



Steel Topics

• Geometric considerations of thermal 
movements

• Skewed behavior
• Curved behavior
• Different impacts, such as how the 

behavior of the skewed bridge will impact 
integral and semi-integral abutment design

Geometry of Steel I-Girder 
Bridges



Steel Topics

• Bridge Fit Conditions
• NLF (No Load Fit)
• SDLF (Steel DL Fit)
• TDLF (Total DL Fit)

• Drop

Geometry of Steel I-Girder 
Bridges



Steel Topics

• Variable depth I-girders
• Deeper webs over interior supports
• Can be advantageous to use a haunched 

girder given certain site conditions and 
bridge geometry (span lengths and vertical 
clearances).

• Transition can be parabolic or linear

Geometry of Steel I-Girder 
Bridges



Steel Topics

• Live load distribution factors
• More rigorous 2D grid or 3D models

• Geometry considerations
• Longitudinal and lateral thermal effects
• Skew

• Camber considerations
• Cross frame fit up
• Substringer / cross frame connection

Geometry of Girder-Substringer 
Systems



Steel Topics

• Superstructure fabrication
• Skew can increase costs
• Field piece size and splice locations

• Internal and external diaphragms

• Top flange lateral bracing

Geometry of Steel Trapezoidal 
Box Girder Bridges



Steel Topics

• General geometric considerations
• Different types of trusses and selection

• Camber and constructability 
considerations

• Construction sequence important for 
establishing geometry of truss

• Plans need to indicate the assumptions 
used to develop member lengths and 
connection elevations presented in the 
plans

Geometry of Truss Bridges



Steel Topics

• Arch configuration
• Span length generally dictates arch 

geometry (box versus trussed member)
• Rise to span ratios

• Camber and constructability 
considerations

• Erection method will influence geometry 
considerations to be detailed in the plans 
as well as the design loading

• Camber and deflections influenced by 
construction sequence

Geometry of Steel Arch Bridges
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Conclusion / Questions?
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