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ECIV 588 Railroad Bridges and Structures


Bridge







PLANNING AND 


PRELIMINARY DESIGN







Humans build structures….







… but things don’t always work 











A system of connected 


parts used to support load


A structure is designed to 


serve a specific function for 


public use


What is a Bridge







What is the purpose of RR bridges


50%-55% of bridge inventory in North America are composed of steel 


spans (~1,800 miles, 80,000 bridges)


Primary purpose of railroad bridges is to safely and reliably carry 


freight and passenger train traffic with the railroad operating 


environment


Many bridges are over 80 years old and are structurally deficient and 


obsolete in view of the age, increased equipment weight, and increased 


traffic.  These bridges are in need of retrofit or replacement
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Factors in Design


• Safety


• Aesthetics


• Serviceability


• Environment


• Economy







QUESTION


What is the optimum size of a 


structural element in a structure


that will support the required 


loads?







GENERAL DESIGN PROCEDURES


Service Functions


Location


Surface & Subsurface Conditions


Infrastructure


Environmental Impact etc


Problem Definition


Constraints
• Material Availability


• Zoning Requirements


• Construction Expertise ...


 
Economy 


 


Design It 
Right the 
First Time 







General Design Procedures


Geometric/Architectural Design


Altern. 1 Altern. 2 Altern. 3 Altern. n


Final Layout
Floorplans


Elevations etc


 
Economy 


……….


 


Design It 
Right the 
First Time 


 


Alternate 
Use 







General Design Procedures


Preliminary Structural Design


Altern. 1 Altern. 2 Altern. 3 Altern. n


Select Alternative for Final Design


……….


Prliminary Design: Location and arrangement of load bearing elements, columns, 


beams, footings etc., Sizing of structural elements for safety and serviceability


Architectural Constraints - Simplicity & Duplication - Fabrication & Construction Procedures


Economy: Add preliminary $ value to each design 







General Design Procedures


FINAL DESIGN


Sizing of Members


Design of Details


Design Drawings* (Blueprints)


Bill of Materials


Total Cost


*Design Drawings Complete and Easy to Read


AISC: Detailing for Steel Construction


Engineering for Steel Construction







Preliminary/Final Design


Define External Loads


Safe 


Functional


Economic


Select New Sizes


NO


Estimate/Assume Initial Size of Structural Elements


Calculate Self Weight


Structural Analysis


Check Design (Codes & Specs)


YES


O.K.







Factors in Design


• Safety


• Aesthetics


• Serviceability


• Environment


• Economy







Purpose


50%-55% of bridge inventory in North America are composed of steel 


spans (~1,800 miles, 80,000 bridges)


Primary purpose of railroad bridges is to safely and reliably carry 


freight and passenger train traffic with the railroad operating 


environment


Many bridges are over 80 years old and are structurally deficient and 


obsolete in view of the age, increased equipment weight, and increased 


traffic.  These bridges are in need of retrofit or replacement







Your Professor….







Your Client….







Objectives


Planning


• Economics


• Operating Requirements


• Optimum crossing geometry


• Layout


• Anticipated construction methodologies


• Site Conditions


Preliminary Design


• Aesthetics


• Selection of span lengths


• Types of spans


• Materials


• General Design Criteria


• Fabrication Considerations


• Erection Considerations







Planning of RR Bridges


1. Bridge Crossing Economics


2. Railroad Operating Requirements


3. Site Conditions


a. Regulatory Requirements


b. Hydrology and Hydraulics


c. Clearances


d. Geotechnical Conditions


4. Geometry of Track and Bridge







Bridge Economics


Bridge crossing perpendicular to the narrowest point of gap


Not always feasible


Bridge economics depend on the relative costs of foundations, 


substructures and superstructures.
Rule of Thumb: Cost of Superstructure ~ Cost of Foundation + Substructure


Cost estimates considering technical requirements only for a uniform 


bridge with similar substructures and equal span lengths:


𝐶𝐵 = 𝐶𝑠𝑢𝑝𝐿 𝛼𝑙 + 𝛽 + 𝐶𝑝𝑖𝑒𝑟𝐿
𝐿 − 𝑙


𝑙𝐿
+ 2𝐶𝑎𝑏𝑡


Economic Span Length


𝑙 =
𝐶𝑝𝑖𝑒𝑟
𝛼𝐶𝑠𝑢𝑝


𝐶𝐵 = 𝑛𝑠𝐶𝑠𝑢𝑝𝑤𝑠𝑙 + (𝑛𝑠 − 1)𝐶𝑝𝑖𝑒𝑟 + 2𝐶𝑎𝑏𝑡
• Csup: Steel per unit weight (purchase, fabricate & erect)


• Cpier: Cost of one pier (materials, foundation & construction)


• Cabt: Cost of abutment (materials foundation and construction)


• Ws=αl+β Weight of span elements that depend on span length, l


• α, β depend on span type and design live load 







Planning of RR Bridges


1. Bridge Crossing Economics


2. Railroad Operating Requirements


3. Site Conditions


a. Regulatory Requirements


b. Hydrology and Hydraulics


c. Clearances


d. Geotechnical Conditions


4. Geometry of Track and Bridge







A. New Bridge on Existing Lines


• Minimize interference to normal rail, road, and marine traffic


• Simple erection, cost effective


• Techniques:


• Sliding span into position from falsework
• https://www.youtube.com/watch?v=x1GOTRAOypE


• Floated erection of spans from river barges
• https://www.facebook.com/BNSFRailway/videos/436598570288124/


• Construction on adjacent alignment


B. New Rail Lines


• Design based on requirements of public agencies


• Bridge crossings are NOT selected solely on the basis of localized 


bridge economics


Planning of RR Bridges
Railroad Operating Requirements



https://www.youtube.com/watch?v=x1GOTRAOypE

https://www.facebook.com/BNSFRailway/videos/436598570288124/





C. RR Operations and Bridge Design


• Magnitude, frequency, and dynamics of railroad live loads


• Other loads specific to railroad operations


• Location of bridge in relation to:


• Design of bridge type


• Constructability


• Maintainability


• Analysis and design criteria specific to railway bridges


Planning of RR Bridges
Railroad Operating Requirements







Planning of RR Bridges


1. Bridge Crossing Economics


2. Railroad Operating Requirements


3. Site Conditions


a. Regulatory Requirements


b. Hydrology and Hydraulics


c. Clearances


d. Geotechnical Conditions


4. Geometry of Track and Bridge







Planning of RR Bridges
Regulatory Requirements


❑ Regulatory requirements affect bridge location, bridge form, 


construction, and environmental mitigation


❑ Regulatory requirements vary by geographic locations and jurisdiction


❑ Environmental protection and cultural considerations are critical 


components of planning phase


❑ Land ownership and use regulations


❑ Communicate regulatory concerns to the designer during planning







Planning of RR Bridges


1. Bridge Crossing Economics


2. Railroad Operating Requirements


3. Site Conditions


a. Regulatory Requirements


b. Hydrology and Hydraulics


c. Clearances


d. Geotechnical Conditions


4. Geometry of Track and Bridge











Planning of RR Bridges
Hydrology and Hydraulics


Bridge substructures constrict or obstruct the flow of water, ice and debris


Constrictions from abutments force a river's flow into a narrower channel. 


This pressure causes the water to flow more rapidly and to react 


differently to riverbed events (rocks, drops, etc.).  A drop in the water 


surface may take place (hydraulic jump)


1. Vertical abutments with and without wingwalls and vertical 


embankments


2. Vertical abutments with sloped embankments


3. Sloped abutments with sloped embankments


4. Vertical abutments with wingwalls and sloped embankments 


(typical)


A pier in the middle of a river or near the side can obstruct the flow of the 


river, and can also create a "cushion“ and "holes" where the river flows 


back on itself.  If the flow passes next to the obstruction, an eddy may 


form behind the obstruction







Planning of RR Bridges
Hydrology and Hydraulics


Bridge substructures constrict or obstruct the flow of water, ice and debris


Study objectives: Establish the required bridge opening 


at river crossings to safely pass water, ice and debris 


past constriction and obstructions for an appropriate 


return period







Planning of RR Bridges
Hydrology and Hydraulics – No Constrictions/Obstructions







Planning of RR Bridges
Hydrology and Hydraulics


A. No obstructions or constriction of the channel


𝐴 =
𝑄


𝑉𝑢


Q = required discharge for the required return period


𝑉𝑢= Average velocity of upstream (existing) channel for 


discharge Q







Planning of RR Bridges
Hydrology and Hydraulics – Constricted Discharge







Flow States and the Froude (Fr or F) number


Describes different flow regimes of open channel flow. 


The Froude number is a ratio of inertial and gravitational forces.







Planning of RR Bridges
Hydrology and Hydraulics – Constricted Discharge


B. Constricted Discharge


• Design for subcritical flow (Fr <1.0)


• If Fr >1.0:


• Need scour protection


• Creates an increase in water elevation at the 


crossing







Planning of RR Bridges
Hydrology and Hydraulics – Constricted Discharge


𝐴 =
𝑄


𝐶𝐶𝑉𝑢


𝐶𝐶 = coefficient of contraction at the constriction


𝐶𝐶 depends on:


• Contraction ratio


• Constriction edge geometry and angularity


• Submerged depth of abutment


• Slope of abutment face


• Eccentricity of constriction relative to normal stream flow


• Froude number







Planning of RR Bridges
Hydrology and Hydraulics – Obstructed Discharge







Planning of RR Bridges
Hydrology and Hydraulics – Obstructed Discharge


C. Obstructed Discharge


• Similar to constriction but with more openings


• Degree of contraction is usually less


𝐴 =
𝑄


𝐶𝐶𝑉𝑢


• 𝐶𝐶 : published values for known obstructions







Planning of RR Bridges
Hydrology and Hydraulics: Bridge Scour


Bridge scour is the removal of sediment such as sand and rocks from around 


bridge abutments or piers. Scour, caused by swiftly moving water, can scoop out 


scour holes, compromising the integrity of a structure.



http://en.wikipedia.org/wiki/Sediment

http://en.wikipedia.org/wiki/Sand

http://en.wikipedia.org/wiki/Rocks

http://en.wikipedia.org/wiki/Bridge

http://en.wikipedia.org/wiki/Abutments

http://en.wikipedia.org/wiki/Piers





RECOGNIZING TYPES OF SCOUR


Parsons







Planning of RR Bridges
Hydrology and Hydraulics: Bridge Scour







Planning of RR Bridges
Hydrology and Hydraulics: Bridge Scour


D. Scour at Bridge Crossing


• General scour due to streambed degradation at 


constriction or obstruction


• Contraction scour


• Live bed (streambed material upstream moving)


• Clear water (no sediment in water upstream)


• Local scour:


• At substructure as a result of vortex flows induced by 


localized disturbance due to obstruction


• Scour is expressed in terms of depth







SCOUR CAUSES


and Appropriate Responses


• Two Types of Causes


1. Scour Caused by Presence of Bridge in River


2. Lateral Erosion or Bed Degradation Caused by Unstable River


• Appropriate Responses for Each Type


1. Fix the Bridge


2. Protect the Bridge, but “Fix” the River







Type 1 Cause:


Presence of Bridge in River


Fix the Bridge







Deposits
Erosion


Type 2 Cause:  


Lateral Instability of River


Fix the River







Ten Types of Scour 


1. PIER SCOUR 


2. ABUTMENT SCOUR, ABUTMENT EROSION


3. CONTRACTION SCOUR


4. STREAM MIGRATION EROSION


5. BED AGGRADATION AND DEGRADATION SCOUR


6. FLOW-EXPANSION (Wake Vortex) EROSION 


7. PLUNGE POOL SCOUR


8. PIPING


9. WAVE ACTION EROSION


10. MASS WASTING AND DEBRIS FLOWS







Type 1.  Pier Scour







Recognizing Pier Scour


Diving Flow


Hole deepest at upstream end


Pier rotates upstream


Flow















“Classical” Pier Scour







UPRR Br. 60.97 LUFKIN







Deeper and Wider Scour Hole


Effect of Debris







Abutment Scour


(vertical hole in bed)


Type 2.  ABUTMENT SCOUR















Type 2b.  ABUTMENT EROSION







40’ Scour at


bed level


across


entire


width


Type 3.  CONTRACTION SCOUR







Additive Effect 


Contraction Scour Plus Pier Scour


Contraction


Scour


Pier


Scour











Type 4.  LATERAL MIGRATION







Lateral Migration







UPRR Br. 330.04 Mojave, 


Caliente River, 240 sq mi


1983:  8’ Clearance


2007:  2’ Clearance


Type 5. BED AGGRADATION







2007 - 2’ Clearance


240 sq mi


drainage area







Type 5. BED DEGRADATION







FACTORS THAT INFLUENCE LONG-TERM 


DEGRADATION


▪ Dams and Reservoirs


▪ Change in watershed land use 


▪ Cutoffs of meander bends


▪ Downstream base level changes


▪ Gravel mining


▪ Urbanization







Example:  Channel Bed Degradation


Cache Creek, CA


Channel Bed Degradation 


(due to Upstream Dam)







24’ Drop in Downstream Base Level


UPRR Br. 18.09 Kansas







Type 6.  FLOW EXPANSION EROSION Wake Vortex Erosion)


Downstream Damages







Type 7. PLUNGE POOL SCOUR


Found at:


▪ Culvert outlets


▪ Ends of bridge/culvert aprons


▪ Toe of crosswalls or check dams


▪ Change in roughness along bed surface











Eroded concrete floor 


Plunge Pool Scour







Type 8.  PIPING SCOUR







Primarily Occurs 


on Causeways


TYPE 9.  WAVE ACTION EROSION







3/12/07


3000 m3 Debris


DEBRIS FLOW EVENT 


CP 86.8 Thompson


Type 10.  







3/12/07


MASS WASTING (Wet Landslide) EVENT 


CP 85.2 Thompson







SUMMARY:  LEADING CAUSES OF RAILROAD SCOUR 


AND EROSION


DUE TO PRESENCE OF BRIDGE


1. Pier Scour


2. Abutment Scour 


3. Contraction Scour


6. Flow Expansion Erosion


7. Plunge Pool Scour


8. Piping Scour


DUE TO UNSTABLE RIVER


4. Channel Migration Erosion


5. Bed Aggradation and Degradation







FIX THE RIVER OR FIX THE 


BRIDGE?


Caused by Presence of Bridge?


Fix the Bridge!


Caused by Unstable River?


Save the Bridge, but Fix the River!







Planning of RR Bridges


1. Bridge Crossing Economics


2. Railroad Operating Requirements


3. Site Conditions


a. Regulatory Requirements


b. Hydrology and Hydraulics


c. Clearances


d. Geotechnical Conditions


4. Geometry of Track and Bridge







Planning of RR Bridges
Highway Railway and Marine Clearances


• Horizontal & Vertical Clearance


• RR and Highway Clearance – States


• Navigable Waterways – US Coast Guard


• Consider future changes in elevation and widening of 


undercrossing


• Min clearance envelop AREMA Chapters 15 and 28


• 23 feet from top of rail


• 9 feet on each side of track centerline







Planning of RR Bridges


1. Bridge Crossing Economics


2. Railroad Operating Requirements


3. Site Conditions


a. Regulatory Requirements


b. Hydrology and Hydraulics


c. Clearances


d. Geotechnical Conditions


4. Geometry of Track and Bridge







Planning of RR Bridges
Geotechnical Conditions


1. Soil borings at or near each substructure


2. Lab or in situ testing of soil properties: strength, 


permeability, compressibility


3. Geotechnical Report (include recommendations for 


foundation)


1. Foundation type and depth


2. Construction effects on adjacent structures


3. Foundation settlement


4. Foundation scour analyses and protection design


5. Foundation cost


6. Dynamic investigation in high seismic activity areas







Planning of RR Bridges
Geotechnical Conditions


1. Foundation Type:


1. Spread Footing:


1. Elevation


2. Allowable soil bearing pressure


3. Groundwater elevation


4. Stability (sliding and overturning)


5. Bedding materials and compaction


2. Driven Piles (steel HP, precast concrete)


1. Pile type


2. Soil friction and/or end bearing


3. Pile tip elevation


4. Allowable pile loads


5. Recommended test pile requirements and methods







Planning of RR Bridges – Pile Driving







Planning of RR Bridges – Pile Driving







Planning of RR Bridges
Geotechnical Conditions


1. Foundation Type:


3. Drilled Shafts


3. Friction and end bearing conditions


4. Construction requirements ( support of hole)


5. Allowable side shear and base bearing stresses


6. Downdrag and uplift conditions







Planning of RR Bridges


1. Bridge Crossing Economics


2. Railroad Operating Requirements


3. Site Conditions


4. Geometry of Track and Bridge


1. Track Geometry


2. Horizontal Bridge Geometry


3. Vertical Bridge Geometry
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Straight


Straight


Arc


Spiral


Spiral


Horizontal Track Geometry
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𝐼 =
360𝐿𝑐
2𝜋𝑅


𝑇 = 𝑅𝑡𝑎𝑛
𝐼


2


𝐶 = 2𝑅𝑠𝑖𝑛
𝐼


2


𝑀 = 𝑅 1 − cos
𝐼


2


≅
𝐶2


8𝑅


https://courses.washington.edu/esrm468/468%20Class%20material/01%20week/Fundamentals%20of%20Transportation.htm


Horizontal Track Geometry



https://courses.washington.edu/esrm468/468%20Class%20material/01%20week/Fundamentals%20of%20Transportation.htm
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Horizontal Track Geometry
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Degree of Curve: 
angle that corresponds to 100 ft curve


2𝜋𝑅 =
360


𝐷
𝑥100


𝑅 =
5730


𝐷


𝐼 =
360𝐿


2𝜋𝑅
=
𝐿𝑐𝐷


100


Length of Curve (in 100 ft. sections) : 


𝐿𝑐
100


=
𝐼
𝐷


Horizontal Track Geometry
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Horizontal Track Geometry
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Superelevation
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Effects of Centrifugal Force


https://www.youtube.com/watch?v=7-ZtCFqf7UI


Moment of Impact @ 0:26



https://www.youtube.com/watch?v=7-ZtCFqf7UI









Superelevation
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https://railroads.dot.gov/sites/fra.dot.gov/files/2020-02/Cant%20Excess_Freight_Shared%20Track.pdf



https://railroads.dot.gov/sites/fra.dot.gov/files/2020-02/Cant%20Excess_Freight_Shared%20Track.pdf
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Where 


W = weight of the car or locomotive in pounds


= speed in feet per second


R = radius of the curve in feet


g = acceleration due to gravity, 32.2 ft/sec2


gR
WV


Fc


2


= (Fc = Centrifugal Force)


V
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gR
W


Fc


2
=


ee
d


F
W


c


9.4
==


gWR
WV


e
29.4


=


D
R


5730



20007.0 DVe=


Equilibrium
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Pencil
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20007.0 DVe=


Where


e = equilibrium superelevation in inches


V = train speed in miles per hour


D = degree of curve


30007.0 2 −= DVec
(Superelevation for comfortable speed)







• Establishing Superelevation


Where,


Vmax = maximum speed in miles per hour permitted with the value of Ea


Ea = actual superelevation in inches


D = Degree of curve


2/1


max 0007.0
3









 +
=


D
E


V a


Note: Equation is based in 3 in. of unbalanced superelevation.



















Straight


Straight


Arc


Spiral


Spiral


Spirals (Easement Curves)















Spirals


Spirals (or Easement Curves)


D = kS = kLs / 100


where,


D = degree of simple curve


k = rate of change in degree of spiral per station


S = length of spiral in 100-ft stations


Ls = length of spiral in feet







• Length of Spiral


'
Ve


L a
s =


Where,


= the rate at which superelevation is increasing in inches per second'







• Length of Spiral Continued…


CeVLs =


eVLs 17.1=


eVLs 26.1=


eVLs 30.1=


For      = 1 ¼ in./sec'


For      = 1 1/6 in./sec'


For      = 1 1/8 in./sec'


• AREMA formula – lateral acceleration


VeL us = 63.1


Where, 


eu, the unbalanced superelevation, is 


taken as 3 in. (for comfortable speed) & 


Ls becomes 4.89V


• Run in Super (C is constant combining the 


conversion factor changing v from 


feet per second to miles per hour, 


and the value for     )'







• Length of Spiral Continued…


as eL 62=


• Minimum spiral length - warp


To prevent racking or diagonal warp in car bodies, there 


should not be more than 1 in. difference between the front 


and rear diagonal corners of a car.  Therefore, this minimum 


spiral length can be used based on an approximated 62-ft 


spacing between the truck centers on an 85-ft car.


Use the longest Ls value which is the minimum Ls for design







Bridge Geometry - Clearances


AREMA MRE







Bridge Geometry - Clearances


Planning for necessary clearances







Horizontal Bridge Geometry







Horizontal Bridge Geometry







Horizontal Bridge Geometry


𝐼 =
360𝐿𝑐
2𝜋𝑅


=
𝐿𝑐𝐷


100


𝑇 = 𝑅𝑡𝑎𝑛
𝐼


2


𝐶 = 2𝑅𝑠𝑖𝑛
𝐼


2


𝑀 = 𝑅 1 − cos
𝐼


2
≅
𝐶2


8𝑅


2𝜋𝑅 =
360


𝐷
𝑥100


𝑅 =
5730


𝐷


Recall Track Geometry







Horizontal Bridge Geometry


s=stringer spacing          m1+m2=M 


Eccentricities: Superelevation and Curvature







Eccentricities: Track shift & Truck curvature


Superelevated and curved 


track creates eccentricities 


based on 


• the horizontal curved 


geometry (track curvature)


• vertical superelevation


(track shift)


Objective: 


Compute the effects on 


forces in each case







Eccentricities: Vertical superelevation (track shift effect)


𝑒𝑠
𝑒
=
ℎ𝑐𝑔


𝑑


d  ~  4.9ft


es


hcg


e


𝒆𝒔 =
𝒉𝒄𝒈𝒆


𝒅







Eccentricities: Vertical superelevation (track shift effect)


Objective: 


Compute the effects of 𝒆𝒔 on forces







Eccentricities: Vertical superelevation (track shift effect)







𝑒𝑠 =
ℎ𝑐𝑔𝑒


𝑑


ℎ𝑐𝑔:distance of CG of car to base of                                               


track  (CG to top of rail AREMA 8ft)


𝑒 = superelevation


𝑑= horizontal projection of gage (~4.9 ft)


% effect on forces to supporting 


members on each side of track


= ±
2𝑒𝑠
𝑠


100


Eccentricities - Summary: Track shift effect







Eccentricities: Track curvature effect


Assume uniform distributed load WLL







Eccentricities: track curvature effect


Equal Shear: m1=M/3                                   Equal Moment: m1=M/6







Eccentricities - Summary: Track curvature effect


𝑉 = ±
2𝑚1


𝑠
∓


𝐿2


12𝑅𝑠


M = ±
2𝑚1


𝑠
∓


𝐿2


24𝑅𝑠


Equal Shear: m1=M/3


Equal Moment: m1=M/6







Example: Compute effects on V and M


Span Length : 70 ft


Curvature : 6o


Superelevation : e=5 in.


Girder Spacing : s=16ft


Rail height : 7 in.


Track tie depth : 7 in.







Example (cont’d)







Example (cont’d)







Example (cont’d)







Horizontal Bridge Geometry







Horizontal Bridge Geometry







Vertical Bridge Geometry


Planning for necessary clearances







Objectives


Planning


• Economics


• Operating Requirements


• Optimum crossing geometry


• Layout


• Anticipated construction methodologies


• Site Conditions


Preliminary Design


• Aesthetics


• Selection of span lengths


• Types of spans


• Materials


• General Design Criteria


• Fabrication Considerations


• Erection Considerations







Preliminary Design of RR Steel Bridges


• Aesthetics


• Steel Railway Bridge Superstructures


• Bridge Decks


• Bridge Framing Details


• Bridge Bearings


• Stability


• Walkways


• General Design Criteria


• Fabrication Considerations


• Erection Considerations


• Detailed Design







Aesthetics


• Structure itself


• Expressive of function and materials


• Integration into the environment


• Select materials and form consistent with surroundings


• Proportion and Scale


• Relative size of components


• Slenderness, simplicity and open space


• Arrangement, rhythm, repetition and order of members


• Color, surface treatment







Aesthetics


”Lyne Rail Bridge (over the M25 near London, 
pictured right) was at one time voted by civil 
engineers as the ugliest bridge in Britain: it may 
or may not be economic, but it's certainly not 
elegant, and its squat, brutal presence offends 
most engineers.”


“PORTSMOUTH – City resident Robert Hassold is 
raising concerns about both the condition and 
appearance of the two Pan Am Railroad bridges that 
carry railcars through the city.”


https://www.seacoastonline.com/story/news/local/portsmouth-


herald/2014/10/13/resident-concerned-about-x2018-ugly/36155077007/


https://happypontist.blogspot.com/2009/02/bridge-criticism-8-good-bad-and-


ugly.html



http://en.structurae.de/structures/data/index.cfm?id=s0001088

https://www.seacoastonline.com/story/news/local/portsmouth-herald/2014/10/13/resident-concerned-about-x2018-ugly/36155077007/

https://happypontist.blogspot.com/2009/02/bridge-criticism-8-good-bad-and-ugly.html





• Structure itself


• Expressive of function and materials


• Integration into the environment


• Select materials and form consistent 


with surroundings


• Proportion and Scale


• Relative size of components


• Slenderness, simplicity and 


open space


• Arrangement, rhythm, repetition and 


order of members


• Color, surface treatment


https://revitalization.org/article/despite-engineer-opposition-la-getting-new-bridge-to-the-future/



https://revitalization.org/article/despite-engineer-opposition-la-getting-new-bridge-to-the-future/





The Jacobite 44871 on the Glenfinnan 


Viaduct


https://vastphotos.com/photo/the-jacobite-44871-on-the-glenfinnan-viaduct-cropped-by-scott-dimond



https://vastphotos.com/photo/the-jacobite-44871-on-the-glenfinnan-viaduct-cropped-by-scott-dimond





https://www.flickr.com/photos/capecodtracker/5799230977/



https://www.flickr.com/photos/capecodtracker/5799230977/

















Superstructures


Use forms to provide 


adequate rigidity for 


dynamic RR loads


Common Forms


a) Beams


b) Trusses


c) Arches


Less common


a) Steel frame


b) Suspended


(lighter passenger trains)







he Wufengshan Yangtze River #Bridge was opened to traffic on June 30. The world's first high-speed rail suspension bridge


The Wufengshan Yangtze River #Bridge was opened to traffic on June 30. The world's first 
high-speed rail suspension bridge



https://twitter.com/hashtag/Bridge?src=hashtag_click

https://twitter.com/hashtag/Bridge?src=hashtag_click





Bridges Superstructures







Superstructures


Simple Span Construction


• performance


• rapid erection


• maintenance


Depth to Span Ratio 


1/15 to 1/10







Superstructures


Rolled or welded beams (L<50 ft)







Superstructures


Bolted or welded plate girders (50 ft < L < 150 ft)







Superstructures


Bolted or Welded Trusses (150 ft < L < 400 ft)







Superstructures: Track on Bridge Decks


Wood ties


• Use steel plates to attach rails


• Open or ballasted decks







Superstructures: Track on Bridge Decks


Concrete ties


• Rails are embedded


• Ballasted Deck (generally not used in open decks)


• May require damping devices







Superstructures: Track on Bridge Decks


Steel ties


• Rails may be directly attached to ties


• Allow for reduction of ballast depth


• Open or Ballasted Decks







Superstructures: Open Bridge Decks


Use: New Superstructure on Existing Substructure


Reduce dead loads to avoid foundation creep and 


substructure overload







Superstructures: Open Bridge Decks


Use: New Superstructure on Existing Substructure


Reduce dead loads to avoid foundation creep and 


substructure overload







Deck Plate Girder







Through Plate Girder







Superstructures: Open Bridge Decks







Superstructures: Open Bridge Decks







Superstructures: Open Bridge Decks


Advantages


• Small Dead Load


• Inexpensive Deck System


• Free Draining


Disadvantages


• Increased Dynamic Amplification


(discontinuous track modulus)


• Higher Maintenance


• Susceptible to differential 


movements caused by Continuous 


Welded Rail (CWR)


• Larger bridge tie sizes







Superstructures: Ballasted Bridge Decks







Superstructures: Ballasted Bridge Decks


Use: New Railway Bridge Construction


Composite or non-composite Steel (min 1/2 in) or Concrete 


Deck (min 6 in)







Composite Action


Composite Action


Transfer shear forces between top 


flange of girder and bottom flange of 


decks







Composite Action







Superstructures: Ballasted Bridge Decks







Superstructures: Ballasted (Closed) Bridge Decks







Superstructures: Ballasted (Closed) Bridge Decks







Superstructures: Ballasted (Closed) Bridge Decks


Advantages
• Reduced Dynamic Effects


• Limits the thermal forces 


associated with


• rail/structure interaction


• Uses typical rail track fasteners


• Less Maintenance


• Good live load distribution


• Accommodates curved track 


geometry and provides good 


track support


• Allow easier track elevation 


changes


Disadvantages


• Significant dead loads


• Drainage system and deck and 


ballast waterproofing


• Higher cost


• Greater deck depth







Superstructures: Direct Fixation Decks
Use: Light Rail/Passenger







Superstructures: Direct Fixation Decks







Superstructures: Direct Fixation Decks











Superstructures: Direct Fixation Bridge Decks


Advantages
• Elastic fasteners absorb noise and 


vibration and provide vertical flexibility


• Improves aesthetics by using 


shallower, less massive structures


• Generates a relatively low dead load


• Rail fasteners provide electrical 


isolation and a means to efficiently 


adjust the line and grade of the track


• Requires less maintenance and is 


easier to maintain


• Retains track geometry much longer 


than ballasted track


• Provides relatively good ride quality


• Offers relatively good live load 


distribution


Disadvantages
Rail/structure interaction must 


address thermal forces


High initial cost


Tight construction control required


Specialized rail fasteners required







Superstructures: Framing Details


Internal Redundancy (e.g. bolted built-up members)


a structural component has alternative and sufficient load paths 
existing within the component itself.







Superstructures: Framing Details


Structural redundancy (alternate load paths)


the capacity of the bridge system to resist failure at high loads and to 
resist system serviceability distress compared with its capacity to 


resist first member failure.







Superstructures: Bridge Bearings


Function: Transmit forces from 


Superstructure to Substructure


• Accommodate rotation due to live 


loads and other span deflection


• Accommodate horizontal movements 


due to temperature and longitudinal 


forces (braking)


• Transmit vertical (including uplift) and 


lateral horizontal forces


• Transmit longitudinal horizontal forces







Superstructures: Bridge Bearings


The type of bearing is generally governed by:


• length of span and the magnitude of load to be transferred to the 


supporting element


• thermal movement


• the need to accommodate span deflection


• the designer’s or owner’s choice







Superstructures: Bridge Bearings


Typical Fixed Bearings


• Flat steel plates 


• inability for rotation


• Poor long term performance


• Disc Bearings


• Allows rotation in any direction


• Fixed hinge bearings


• Pin and pedestal arrangement


• Resists vertical and horizontal forces


• Enables rotation at pin


• Elastomeric


• Reinforced rubber, neoprene, polyurethane bearing pads


• Plain or steel reinforced


• Allow rotation through elastic compression of pad







Fixed Bearings: Flat steel plates 







Fixed Bearings: Hinges











Superstructures: Bridge Bearings
Typical Expansion Bearings


• Flat steel plates 


• High maintenance (frequent lubrication)


• Sliding plates


• Bronze, copper-alloy, polytetrafluoroethylene (PTFE)


• Flat, cylindrical, spherical


• Enable translation on low friction surface


• Self lubricating


• Roller bearings


• Single or multiple cylindrical rollers


• Linked Bearings


• Double pin and pedestal arrangement


• Expansion Hinged Bearings


• Elastomeric Bearings







Expansion Bearing: Sole Plates







Expansion Bearings: Circular Rollers







Expansion Bearings: Circular Rollers







Expansion Bearings: Segmental Rollers







Elastomeric











Elastomeric: Seismic Applications







Bridge Stability


Prevent overturning instability due to wind and other lateral loads


• Spacing of girders and trusses







General Design Criteria


• Based on ASD


• Elastic Structural Analysis


• Dynamic amplification factors for live loads


• Serviceability (vibrations and deflections)


• Fatigue


• Performance based approach to seismic design







Fabrication and Erection


• Fabrication based on approved shop drawings


• Tolerances, surface preparation


• Welding procedures, preparation workmanship, qualification and 


inspection


• Testing of materials fastenings and welds


• Erection based on procedures and drawings


• by fabricator, GC or railroad construction crews


• Conform with design drawings, specs, special provisions, shop 


drawings, planning requirements, etc


• Safety and transportation interruption
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Planning and Preliminary Design













Humans build structures….











… but things don’t always work 

























A system of connected parts used to support load

A structure is designed to serve a specific function for public use

What is a Bridge











What is the purpose of RR bridges

50%-55% of bridge inventory in North America are composed of steel spans (~1,800 miles, 80,000 bridges)

Primary purpose of railroad bridges is to safely and reliably carry freight and passenger train traffic with the railroad operating environment

Many bridges are over 80 years old and are structurally deficient and obsolete in view of the age, increased equipment weight, and increased traffic.  These bridges are in need of retrofit or replacement























Factors in Design

Safety

Aesthetics

Serviceability

Environment

Economy



















































QUESTION

What is the optimum size of a structural element in a structure that will support the required loads?









GENERAL DESIGN PROCEDURES

Service Functions

Location

Surface & Subsurface Conditions

Infrastructure

Environmental Impact etc

Problem Definition

Constraints

Material Availability

Zoning Requirements

Construction Expertise ...

















General Design Procedures

Geometric/Architectural Design

Altern. 1

Altern. 2

Altern. 3

Altern. n

























Final Layout

Floorplans

Elevations etc



……….

















General Design Procedures

Preliminary Structural Design

Altern. 1

Altern. 2

Altern. 3

Altern. n























Select Alternative for Final Design

……….

Prliminary Design: Location and arrangement of load bearing elements, columns, beams, footings etc., Sizing of structural elements for safety and serviceability

Architectural Constraints - Simplicity & Duplication - Fabrication & Construction Procedures



Economy: Add preliminary $ value to each design 

















General Design Procedures

FINAL DESIGN

Sizing of Members

Design of Details

Design Drawings* (Blueprints)

Bill of Materials

Total Cost



*Design Drawings Complete and Easy to Read



AISC: 	Detailing for Steel Construction

	Engineering for Steel Construction













Preliminary/Final Design

Define External Loads



Safe 

Functional

Economic

Select New Sizes









NO



Estimate/Assume Initial Size of Structural Elements

Calculate Self Weight

Structural Analysis

Check Design (Codes & Specs)



YES



O.K.













Factors in Design

Safety

Aesthetics

Serviceability

Environment

Economy









Purpose

50%-55% of bridge inventory in North America are composed of steel spans (~1,800 miles, 80,000 bridges)

Primary purpose of railroad bridges is to safely and reliably carry freight and passenger train traffic with the railroad operating environment

Many bridges are over 80 years old and are structurally deficient and obsolete in view of the age, increased equipment weight, and increased traffic.  These bridges are in need of retrofit or replacement











Your Professor….



















































































Your Client….

















Objectives

Planning

Economics

Operating Requirements

Optimum crossing geometry

Layout

Anticipated construction methodologies

Site Conditions



Preliminary Design

Aesthetics

Selection of span lengths

Types of spans

Materials

General Design Criteria

Fabrication Considerations

Erection Considerations













Planning of RR Bridges

Bridge Crossing Economics

Railroad Operating Requirements

Site Conditions

Regulatory Requirements

Hydrology and Hydraulics

Clearances

Geotechnical Conditions

Geometry of Track and Bridge	











Bridge Economics

Bridge crossing perpendicular to the narrowest point of gap

     Not always feasible

Bridge economics depend on the relative costs of foundations, substructures and superstructures.

Rule of Thumb: Cost of Superstructure ~ Cost of Foundation + Substructure

Cost estimates considering technical requirements only for a uniform bridge with similar substructures and equal span lengths:



Economic Span Length





Csup: Steel per unit weight (purchase, fabricate & erect)



Cpier: Cost of one pier (materials, foundation & construction)



Cabt: Cost of abutment (materials foundation and construction)



Ws=αl+β Weight of span elements that depend on span length, l



α, β depend on span type and design live load 





































































































Planning of RR Bridges

Bridge Crossing Economics

Railroad Operating Requirements

Site Conditions

Regulatory Requirements

Hydrology and Hydraulics

Clearances

Geotechnical Conditions

Geometry of Track and Bridge	











New Bridge on Existing Lines

Minimize interference to normal rail, road, and marine traffic

Simple erection, cost effective

Techniques:

Sliding span into position from falsework

https://www.youtube.com/watch?v=x1GOTRAOypE

Floated erection of spans from river barges

https://www.facebook.com/BNSFRailway/videos/436598570288124/

Construction on adjacent alignment

New Rail Lines

Design based on requirements of public agencies

Bridge crossings are NOT selected solely on the basis of localized bridge economics



Planning of RR Bridges

Railroad Operating Requirements















































































































RR Operations and Bridge Design

Magnitude, frequency, and dynamics of railroad live loads

Other loads specific to railroad operations

Location of bridge in relation to:

Design of bridge type

Constructability

Maintainability

Analysis and design criteria specific to railway bridges



Planning of RR Bridges

Railroad Operating Requirements









Planning of RR Bridges

Bridge Crossing Economics

Railroad Operating Requirements

Site Conditions

Regulatory Requirements

Hydrology and Hydraulics

Clearances

Geotechnical Conditions

Geometry of Track and Bridge	











Planning of RR Bridges

Regulatory Requirements

Regulatory requirements affect bridge location, bridge form, construction, and environmental mitigation



Regulatory requirements vary by geographic locations and jurisdiction



Environmental protection and cultural considerations are critical components of planning phase



Land ownership and use regulations



Communicate regulatory concerns to the designer during planning









Planning of RR Bridges

Bridge Crossing Economics

Railroad Operating Requirements

Site Conditions

Regulatory Requirements

Hydrology and Hydraulics

Clearances

Geotechnical Conditions

Geometry of Track and Bridge	

























Planning of RR Bridges

Hydrology and Hydraulics

Bridge substructures constrict or obstruct the flow of water, ice and debris



Constrictions from abutments force a river's flow into a narrower channel. This pressure causes the water to flow more rapidly and to react differently to riverbed events (rocks, drops, etc.).  A drop in the water surface may take place (hydraulic jump)

Vertical abutments with and without wingwalls and vertical embankments

Vertical abutments with sloped embankments

Sloped abutments with sloped embankments

Vertical abutments with wingwalls and sloped embankments (typical)



A pier in the middle of a river or near the side can obstruct the flow of the river, and can also create a "cushion“ and "holes" where the river flows back on itself.  If the flow passes next to the obstruction, an eddy may form behind the obstruction









Planning of RR Bridges

Hydrology and Hydraulics

Bridge substructures constrict or obstruct the flow of water, ice and debris





Study objectives: Establish the required bridge opening at river crossings to safely pass water, ice and debris past constriction and obstructions for an appropriate return period

































































































































































































































Planning of RR Bridges

Hydrology and Hydraulics – No Constrictions/Obstructions











Planning of RR Bridges

Hydrology and Hydraulics

No obstructions or constriction of the channel



Q = required discharge for the required return period

= Average velocity of upstream (existing) channel for discharge Q

































































Planning of RR Bridges

Hydrology and Hydraulics – Constricted Discharge























































Flow States and the Froude (Fr or F) number

Describes different flow regimes of open channel flow. 

The Froude number is a ratio of inertial and gravitational forces.













Planning of RR Bridges

Hydrology and Hydraulics – Constricted Discharge



Constricted Discharge

Design for subcritical flow (F1.0)

If Fr 1.0:

Need scour protection

Creates an increase in water elevation at the crossing

































Planning of RR Bridges

Hydrology and Hydraulics – Constricted Discharge



 = coefficient of contraction at the constriction

 depends on:

Contraction ratio

Constriction edge geometry and angularity

Submerged depth of abutment

Slope of abutment face

Eccentricity of constriction relative to normal stream flow

Froude number















Planning of RR Bridges

Hydrology and Hydraulics – Obstructed Discharge











Planning of RR Bridges

Hydrology and Hydraulics – Obstructed Discharge

Obstructed Discharge

Similar to constriction but with more openings

Degree of contraction is usually less



: published values for known obstructions











Planning of RR Bridges

Hydrology and Hydraulics: Bridge Scour

Bridge scour is the removal of sediment such as sand and rocks from around bridge abutments or piers. Scour, caused by swiftly moving water, can scoop out scour holes, compromising the integrity of a structure.











RECOGNIZING TYPES OF SCOUR







Parsons



















































































































Planning of RR Bridges

Hydrology and Hydraulics: Bridge Scour











Planning of RR Bridges

Hydrology and Hydraulics: Bridge Scour

Scour at Bridge Crossing

General scour due to streambed degradation at constriction or obstruction

Contraction scour

Live bed (streambed material upstream moving)

Clear water (no sediment in water upstream)

Local scour:

At substructure as a result of vortex flows induced by localized disturbance due to obstruction

Scour is expressed in terms of depth











SCOUR CAUSES
and Appropriate Responses

Two Types of Causes

Scour Caused by Presence of Bridge in River

Lateral Erosion or Bed Degradation Caused by Unstable River



Appropriate Responses for Each Type

Fix the Bridge

Protect the Bridge, but “Fix” the River



















































Flow

Type 1 Cause:

Presence of Bridge in River



Fix the Bridge































Deposits 

Erosion

Type 2 Cause:  

Lateral Instability of River



Fix the River











Ten Types of Scour 


PIER SCOUR 

ABUTMENT SCOUR, ABUTMENT EROSION

CONTRACTION SCOUR

STREAM MIGRATION EROSION

BED AGGRADATION AND DEGRADATION SCOUR

FLOW-EXPANSION (Wake Vortex) EROSION 

PLUNGE POOL SCOUR

PIPING

WAVE ACTION EROSION

MASS WASTING AND DEBRIS FLOWS









Type 1.  Pier Scour













Recognizing Pier Scour

Diving Flow

Hole deepest at upstream end

Pier rotates upstream







Flow





































“Classical” Pier Scour









UPRR Br. 60.97 LUFKIN





Flow











Deeper and Wider Scour Hole

Effect of Debris











Abutment Scour

(vertical hole in bed)



Type 2.  ABUTMENT SCOUR





























Type 2b.  ABUTMENT EROSION















40’ Scour at

bed level

across

entire

width



Type 3.  CONTRACTION SCOUR











Additive Effect 
Contraction Scour Plus Pier Scour















Contraction

Scour

Pier

Scour





















Type 4.  LATERAL MIGRATION











Lateral Migration
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Overbank piling too shallow





UPRR Br. 330.04 Mojave, 

Caliente River, 240 sq mi

1983:  8’ Clearance

2007:  2’ Clearance

Type 5. BED AGGRADATION









2007 - 2’ Clearance



240 sq mi

drainage area















Type 5. BED DEGRADATION









FACTORS THAT INFLUENCE LONG-TERM DEGRADATION

Dams and Reservoirs



Change in watershed land use 



Cutoffs of meander bends



Downstream base level changes



Gravel mining



Urbanization













Example:  Channel Bed Degradation

Cache Creek, CA

Channel Bed Degradation 

(due to Upstream Dam)
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Degradation signs?  Cutoff piles, soil lines



24’ Drop in Downstream Base Level



UPRR Br. 18.09 Kansas









Type 6.  FLOW EXPANSION EROSION Wake Vortex Erosion)





Downstream Damages









Type 7. PLUNGE POOL SCOUR

Found at:

Culvert outlets

Ends of bridge/culvert aprons

Toe of crosswalls or check dams

Change in roughness along bed surface

































Eroded concrete floor 

 Plunge Pool Scour













Type 8.  PIPING SCOUR











Primarily Occurs 

on Causeways

TYPE 9.  WAVE ACTION EROSION











3/12/07

3000 m3 Debris



DEBRIS FLOW EVENT 
CP 86.8 Thompson

Type 10.  











3/12/07

MASS WASTING (Wet Landslide) EVENT 
CP 85.2 Thompson









SUMMARY:  LEADING CAUSES OF RAILROAD SCOUR AND EROSION

DUE TO PRESENCE OF BRIDGE

Pier Scour

Abutment Scour 

Contraction Scour

Flow Expansion Erosion

Plunge Pool Scour

Piping Scour



DUE TO UNSTABLE RIVER

Channel Migration Erosion

Bed Aggradation and Degradation









FIX THE RIVER OR FIX THE BRIDGE?

Caused by Presence of Bridge?



Fix the Bridge!



Caused by Unstable River?



Save the Bridge, but Fix the River!









Planning of RR Bridges

Bridge Crossing Economics

Railroad Operating Requirements

Site Conditions

Regulatory Requirements

Hydrology and Hydraulics

Clearances

Geotechnical Conditions

Geometry of Track and Bridge	











Planning of RR Bridges

Highway Railway and Marine Clearances

Horizontal & Vertical Clearance

RR and Highway Clearance – States

Navigable Waterways – US Coast Guard

Consider future changes in elevation and widening of undercrossing

Min clearance envelop AREMA Chapters 15 and 28

23 feet from top of rail

9 feet on each side of track centerline



































































































































Planning of RR Bridges

Bridge Crossing Economics

Railroad Operating Requirements

Site Conditions

Regulatory Requirements

Hydrology and Hydraulics

Clearances

Geotechnical Conditions

Geometry of Track and Bridge	











Planning of RR Bridges

Geotechnical Conditions

Soil borings at or near each substructure

Lab or in situ testing of soil properties: strength, permeability, compressibility

Geotechnical Report (include recommendations for foundation)

Foundation type and depth

Construction effects on adjacent structures

Foundation settlement

Foundation scour analyses and protection design

Foundation cost

Dynamic investigation in high seismic activity areas









Planning of RR Bridges

Geotechnical Conditions

Foundation Type:

Spread Footing:

Elevation

Allowable soil bearing pressure

Groundwater elevation

Stability (sliding and overturning)

Bedding materials and compaction

Driven Piles (steel HP, precast concrete)

Pile type

Soil friction and/or end bearing

Pile tip elevation

Allowable pile loads

Recommended test pile requirements and methods



















































































Planning of RR Bridges – Pile Driving











Planning of RR Bridges – Pile Driving











Planning of RR Bridges

Geotechnical Conditions

Foundation Type:

Drilled Shafts

Friction and end bearing conditions

Construction requirements ( support of hole)

Allowable side shear and base bearing stresses

Downdrag and uplift conditions









Planning of RR Bridges

Bridge Crossing Economics

Railroad Operating Requirements

Site Conditions

Geometry of Track and Bridge

Track Geometry

Horizontal Bridge Geometry

Vertical Bridge Geometry	























Straight

Straight

Arc

Spiral

Spiral

Horizontal Track Geometry

























https://courses.washington.edu/esrm468/468%20Class%20material/01%20week/Fundamentals%20of%20Transportation.htm



Horizontal Track Geometry











Horizontal Track Geometry











Degree of Curve: 

angle that corresponds to 100 ft curve















Length of Curve (in 100 ft. sections) : 



Horizontal Track Geometry











Horizontal Track Geometry









Superelevation









Effects of Centrifugal Force

https://www.youtube.com/watch?v=7-ZtCFqf7UI

Moment of Impact @ 0:26





















Superelevation





























https://railroads.dot.gov/sites/fra.dot.gov/files/2020-02/Cant%20Excess_Freight_Shared%20Track.pdf





















Where 

	W = weight of the car or locomotive in pounds

	   = speed in feet per second

	R = radius of the curve in feet

	g = acceleration due to gravity, 32.2 ft/sec2







(Fc = Centrifugal Force)













































Equilibrium

































Where

   e = equilibrium superelevation in inches

   V = train speed in miles per hour

   D = degree of curve







(Superelevation for comfortable speed)









Establishing Superelevation









Where,

Vmax = maximum speed in miles per hour permitted with the value of Ea

Ea = actual superelevation in inches

D = Degree of curve







Note: Equation is based in 3 in. of unbalanced superelevation.
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Straight

Straight

Arc

Spiral

Spiral

Spirals (Easement Curves)





















































































Spirals

Spirals (or Easement Curves)

	

	D = kS = kLs / 100



	where,

		

		D = degree of simple curve

		k = rate of change in degree of spiral per station

		S = length of spiral in 100-ft stations

		Ls = length of spiral in feet













































Length of Spiral











Where,





   = the rate at which superelevation is increasing in inches per second

         





















Length of Spiral Continued…

























  For      = 1 ¼ in./sec







  For      = 1 1/6 in./sec





  For      = 1 1/8 in./sec





 AREMA formula – lateral acceleration







Where, 

eu, the unbalanced superelevation, is taken as 3 in. (for comfortable speed) & Ls becomes 4.89V

 Run in Super

(C is constant combining the conversion factor changing v from feet per second to miles per hour, and the value for     )
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Length of Spiral Continued…



















 Minimum spiral length - warp

To prevent racking or diagonal warp in car bodies, there should not be more than 1 in. difference between the front and rear diagonal corners of a car.  Therefore, this minimum spiral length can be used based on an approximated 62-ft spacing between the truck centers on an 85-ft car.





Use the longest Ls value which is the minimum Ls for design





































































Bridge Geometry - Clearances

AREMA MRE











Bridge Geometry - Clearances

Planning for necessary clearances



































































Horizontal Bridge Geometry











Horizontal Bridge Geometry











































































































































































































Horizontal Bridge Geometry



























Recall Track Geometry











Horizontal Bridge Geometry



s=stringer spacing          m1+m2=M 

     

Eccentricities: Superelevation and Curvature



















































































































































Eccentricities: Track shift & Truck curvature

Superelevated and curved track creates eccentricities based on 



the horizontal curved geometry (track curvature)



vertical superelevation (track shift)



Objective: 

Compute the effects on forces in each case











Eccentricities: Vertical superelevation (track shift effect)





















d  ~  4.9ft
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Eccentricities: Vertical superelevation (track shift effect)

Objective: 

Compute the effects of  on forces

































































































































































































































































































































































Eccentricities: Vertical superelevation (track shift effect)



























































































































































































































































































































Eccentricities: Vertical superelevation (track shift effect)

Objective: 

Compute the effects of  on forces

















Eccentricities: Vertical superelevation (track shift effect)





















:distance of CG of car to base of                                               	track  (CG to top of rail AREMA 8ft)



= superelevation



= horizontal projection of gage (~4.9 ft)



% effect on forces to supporting members on each side of track







Eccentricities - Summary: Track shift effect
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Eccentricities: Track curvature effect







Assume uniform distributed load WLL















































































































































































































































































































































































































































































































































































































































































Eccentricities: track curvature effect

Equal Shear: m1=M/3                                   Equal Moment: m1=M/6

































































Eccentricities - Summary: Track curvature effect











Equal Shear: m1=M/3





Equal Moment: m1=M/6













Example: Compute effects on V and M

Span Length	: 70 ft

Curvature	: 6o

Superelevation	: e=5 in.

Girder Spacing	: s=16ft

Rail height	: 7 in.

Track tie depth	: 7 in.































































































































































































Example (cont’d)

Span Length	: 70 ft

Curvature	: 6o

Superelevation	: e=5 in.

Girder Spacing	: s=16ft

Rail height	: 7 in.

Track tie depth	: 7 in.













































































































































































































































































































































































































































































Example (cont’d)



















































































































































































































































































Example (cont’d)









Horizontal Bridge Geometry











Horizontal Bridge Geometry











Vertical Bridge Geometry

Planning for necessary clearances













Objectives

Planning

Economics

Operating Requirements

Optimum crossing geometry

Layout

Anticipated construction methodologies

Site Conditions



Preliminary Design

Aesthetics

Selection of span lengths

Types of spans

Materials

General Design Criteria

Fabrication Considerations

Erection Considerations













Preliminary Design of RR Steel Bridges

Aesthetics

Steel Railway Bridge Superstructures

Bridge Decks

Bridge Framing Details

Bridge Bearings

Stability

Walkways

General Design Criteria

Fabrication Considerations

Erection Considerations

Detailed Design













Aesthetics

Structure itself

Expressive of function and materials



Integration into the environment

Select materials and form consistent with surroundings



Proportion and Scale

Relative size of components

Slenderness, simplicity and open space



Arrangement, rhythm, repetition and order of members

Color, surface treatment











Aesthetics





 ”Lyne Rail Bridge (over the M25 near London, pictured right) was at one time voted by civil engineers as the ugliest bridge in Britain: it may or may not be economic, but it's certainly not elegant, and its squat, brutal presence offends most engineers.”

“PORTSMOUTH – City resident Robert Hassold is raising concerns about both the condition and appearance of the two Pan Am Railroad bridges that carry railcars through the city.”

https://www.seacoastonline.com/story/news/local/portsmouth-herald/2014/10/13/resident-concerned-about-x2018-ugly/36155077007/

https://happypontist.blogspot.com/2009/02/bridge-criticism-8-good-bad-and-ugly.html















Structure itself

Expressive of function and materials



Integration into the environment

Select materials and form consistent with surroundings

Proportion and Scale

Relative size of components

Slenderness, simplicity and open space



Arrangement, rhythm, repetition and order of members

Color, surface treatment

https://revitalization.org/article/despite-engineer-opposition-la-getting-new-bridge-to-the-future/













The Jacobite 44871 on the Glenfinnan Viaduct

https://vastphotos.com/photo/the-jacobite-44871-on-the-glenfinnan-viaduct-cropped-by-scott-dimond













https://www.flickr.com/photos/capecodtracker/5799230977/













































Superstructures



Use forms to provide adequate rigidity for dynamic RR loads

Common Forms

Beams

Trusses

Arches



Less common

Steel frame

Suspended

(lighter passenger trains)















he Wufengshan Yangtze River #Bridge was opened to traffic on June 30. The world's first high-speed rail suspension bridge

The Wufengshan Yangtze River #Bridge was opened to traffic on June 30. The world's first high-speed rail suspension bridge









Bridges Superstructures











Superstructures

Simple Span Construction

	performance

	rapid erection

	maintenance



Depth to Span Ratio 

	1/15 to 1/10

















Superstructures

Rolled or welded beams (L<50 ft)

	

















Superstructures

Bolted or welded plate girders (50 ft < L < 150 ft)



















Superstructures

Bolted or Welded Trusses (150 ft < L < 400 ft)















Superstructures: Track on Bridge Decks

Wood ties

Use steel plates to attach rails

Open or ballasted decks











Superstructures: Track on Bridge Decks

Concrete ties

Rails are embedded

Ballasted Deck (generally not used in open decks)

May require damping devices

















Superstructures: Track on Bridge Decks

Steel ties

Rails may be directly attached to ties

Allow for reduction of ballast depth

Open or Ballasted Decks















Superstructures: Open Bridge Decks

Use: New Superstructure on Existing Substructure

Reduce dead loads to avoid foundation creep and substructure overload











Superstructures: Open Bridge Decks

Use: New Superstructure on Existing Substructure

Reduce dead loads to avoid foundation creep and substructure overload



















Deck Plate Girder













   Through Plate Girder













Superstructures: Open Bridge Decks











Superstructures: Open Bridge Decks











Superstructures: Open Bridge Decks

Advantages

Small Dead Load

Inexpensive Deck System

Free Draining





Disadvantages

Increased Dynamic Amplification

(discontinuous track modulus)

Higher Maintenance

Susceptible to differential movements caused by Continuous Welded Rail (CWR)

Larger bridge tie sizes

















Superstructures: Ballasted Bridge Decks











Superstructures: Ballasted Bridge Decks

Use: New Railway Bridge Construction

Composite or non-composite Steel (min 1/2 in) or Concrete Deck (min 6 in)

















Composite Action





Composite Action



Transfer shear forces between top flange of girder and bottom flange of decks









Composite Action











Superstructures: Ballasted Bridge Decks













Superstructures: Ballasted (Closed) Bridge Decks

















Superstructures: Ballasted (Closed) Bridge Decks













Superstructures: Ballasted (Closed) Bridge Decks

Advantages

Reduced Dynamic Effects

Limits the thermal forces associated with

rail/structure interaction

Uses typical rail track fasteners

Less Maintenance

Good live load distribution

Accommodates curved track geometry and provides good track support

Allow easier track elevation changes





Disadvantages

Significant dead loads

Drainage system and deck and ballast waterproofing

Higher cost

Greater deck depth

















Superstructures: Direct Fixation Decks

Use: Light Rail/Passenger











Superstructures: Direct Fixation Decks











Superstructures: Direct Fixation Decks

























Superstructures: Direct Fixation Bridge Decks

Advantages

Elastic fasteners absorb noise and vibration and provide vertical flexibility

Improves aesthetics by using shallower, less massive structures

Generates a relatively low dead load

Rail fasteners provide electrical isolation and a means to efficiently adjust the line and grade of the track

Requires less maintenance and is easier to maintain

Retains track geometry much longer than ballasted track

Provides relatively good ride quality

Offers relatively good live load distribution

Disadvantages

Rail/structure interaction must address thermal forces

High initial cost

Tight construction control required

Specialized rail fasteners required













Superstructures: Framing Details

Internal Redundancy (e.g. bolted built-up members)



a structural component has alternative and sufficient load paths existing within the component itself. 









Superstructures: Framing Details



Structural redundancy (alternate load paths)

the capacity of the bridge system to resist failure at high loads and to resist system serviceability distress compared with its capacity to resist first member failure. 











Superstructures: Bridge Bearings

Function: Transmit forces from Superstructure to Substructure



Accommodate rotation due to live loads and other span deflection



Accommodate horizontal movements due to temperature and longitudinal forces (braking)



Transmit vertical (including uplift) and lateral horizontal forces



Transmit longitudinal horizontal forces



















Superstructures: Bridge Bearings

The type of bearing is generally governed by:

 

length of span and the magnitude of load to be transferred to the supporting element



thermal movement



the need to accommodate span deflection



the designer’s or owner’s choice









Superstructures: Bridge Bearings

Typical Fixed Bearings



Flat steel plates 

inability for rotation

Poor long term performance



Disc Bearings

Allows rotation in any direction



Fixed hinge bearings

Pin and pedestal arrangement

Resists vertical and horizontal forces

Enables rotation at pin



Elastomeric

Reinforced rubber, neoprene, polyurethane bearing pads

Plain or steel reinforced

Allow rotation through elastic compression of pad

















Fixed Bearings: Flat steel plates 













Fixed Bearings: Hinges



































Superstructures: Bridge Bearings

Typical Expansion Bearings



Flat steel plates 

High maintenance (frequent lubrication)



Sliding plates

Bronze, copper-alloy, polytetrafluoroethylene (PTFE)

Flat, cylindrical, spherical

Enable translation on low friction surface

Self lubricating



Roller bearings

Single or multiple cylindrical rollers



Linked Bearings

Double pin and pedestal arrangement



Expansion Hinged Bearings



Elastomeric Bearings











Expansion Bearing: Sole Plates













Expansion Bearings: Circular Rollers













Expansion Bearings: Circular Rollers















Expansion Bearings: Segmental Rollers













Elastomeric





























Elastomeric: Seismic Applications













Bridge Stability

Prevent overturning instability due to wind and other lateral loads



Spacing of girders and trusses













General Design Criteria

Based on ASD

Elastic Structural Analysis

Dynamic amplification factors for live loads

Serviceability (vibrations and deflections)

Fatigue

Performance based approach to seismic design













Fabrication and Erection

Fabrication based on approved shop drawings

Tolerances, surface preparation

Welding procedures, preparation workmanship, qualification and inspection

Testing of materials fastenings and welds



Erection based on procedures and drawings

by fabricator, GC or railroad construction crews

Conform with design drawings, specs, special provisions, shop drawings, planning requirements, etc

Safety and transportation interruption
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Collapsed section of bridge
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Determine the maximum positive shear created at point B in the beam
shown in Fig. 6-30a due to the wheel loads of the moving truck.

4k 9k 15k 10k

1,410 ft ’—‘Llo ﬁ’/-l }-3 ft«\— 6 ft ——‘—— 6 ft —~‘
(a)

Fig. 6-30
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CB = CypL(al+p) + Cpie,L< L ) + 2Cqpt
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CB = n3Coypwsl + (ng — 1) Cpier + 2Cqpt
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56 Design of Modern Steel Railway Bridges

* The location of the bridge (in relation to preliminary design of bridge type.
constructability, and maintainability)
« Analysis and design criteria specific to railway bridges

3.2.3  Site ConpiTions (PUBLIC AND TECHNICAL REQUIREMENTS
OF BRIDGE CROSSINGS)

Site conditions are of critical importance in the determination of location, form,
type, length, and estimated cost of railway bridges. Existing records and drawings of
previous construction are of considerable value during planning of railway bridges
being reconstructed on the same, or nearby, alignment. In terms of the cost and con-
structability of bridges being built on a new alignment, the preferred bridge crossing
is generally the shortest or shallowest crossing

3.2.3.1 Regulatory Requirements

Bridge location, form, and length are often governed by existing route location,
preestablished design route locations, and/or regulation. Regulatory requirements
relating to railway bridge location, construction, and environmental mitigation var
by geographic location and jurisdiction. Environmental protection (vegetation, fish,
and wildlife) and cultural considerations are often critical components of the bridge
planning phase. Land ownership and use regulations also warrant careful review
with respect to potential bridge crossing locations. Railway bridge construction
project managers and engineers must be well versed in the jurisdictional permitting
requirements for bridge crossings. Regulatory concerns regarding bridge location and
construction that may affect bridge form must be communicated to the railway bridge
designer during the planning phase.

3.2.3.2 Hydrology and Hydraulics of the Bridge Crossing

Hydrological and hydraulic assessments are vital to establishing the required bridge
opening at river crossings, and ensuing form, type, length, and estimated cost. The
bridge opening must safely pass the appropriate return frequency (probability of
oceurrence) water discharge.* ice and debris’ past constrictions and obstructions
created by the bridge crossing substructures. The basic form of the bridge may depend
on whether the flood plain is stable. Stable flood plains may be spanned with shorter

Planning and Preliminary Design of Modern Railway Bridges 57

High water level at Q

Area, A, required for Q

- by —P

ction or obstruction

FIGURE 3.1 River crossing profile without constr

(Figure 3.1), the required area of the crossing is simply established as

A g 3.4)
Vu
3.23.2.1.1 Constricted Discharge Hydraulics Where abutments constrict the

channel (Figure 3.2), the flow may become rapidly varied and exhibit a drop in water
surface elevation (hydraulic jump) as a result of the increased velocity. Four types of
constriction openings have been defined (Hamill, 1999) as follows:

* Type I: Vertical abutments with and without wings walls with vertical
embankments

« Type 2: Vertical abutments with sloped embankments

+ Type 3: Sloped abutments with sloped embankments.

+ Type 4: Vertical abutments with wings walls and sloped embankments
(typical of many railroad embankments at bridge crossings)

The hydraulic design should strive for subcritical flow (F < 1.0 with a stable water
surface profile). Discharge flows that exceed suberitical at, or even immediately
downstream of, the bridge may also be acceptable with adequate scour protection
Supercritical flow (F > 1.0) is undesirable and may create an increase in water sur-
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A. No obstructions or constriction of the channel
A=—
Vu
Q = required discharge for the required return period

V.= Average velocity of upstream (existing) channel for

discharge Q
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. © bridge opening.

: The theoretical determination of Ce is difficult and numerical values are estab-
f Area, A, required © lished experimentally. Published values of C. for various constriction geometries are
4 for Q available in the literature on open channel hydraulics (Chow, 1959).

One commonly used hydraulic analysis* is the U.S. Geological Survey (USGS)
method, which is based on extensive research. It determines a base coefficient of
discharge, C', for four opening types in terms of the opening ratio, N, and constriction
length ratio, L/b. The coefficient of discharge, C', is further modified by adjustment 1
factors based on the opening ratio, Froude number, £, and detail abutment geometry |
{0 obtain the discharge coefficient, C. In terms of the USGS method, the coefficient |
of contraction is

High water level for Q

(€]

where C is the USGC discharge coefficient, which depends on N, L, b, F, and other
. empirical adjustment factors based on skew angle of the crossing, the conveyance,
K, details the geometry and flow depth at the constriction; N is the bridge opening
ratio and is equal to Q/Q. where Qg is the undisturbed flow that can pass the bridge
constriction and Q is the flow in the not constricted channel; L is the length of channel
at the constricted bridge crossing; K = AR Jn; Ah = dy — da, where dy is the depth
of the channel upstream of the bridge and dq is the depth of the channel downstream i
of the bridge; /iy is the friction loss upstream and through the constricted opening, |

which is
=L 9 +L 14 ) 3.8 ;
! (KuKd) (Kd o

where L, is the length of upstream reach (from the uniform flow to the beginning
of constriction); Ky is the upstream conveyance and is equal to AuR§/3/nu; Ky is the
downstream conveyance and is equal to AdR§/3 /ng: Ay and Ag are the upstream and
downstream channel cross-sectional areas, respectively: Ry, and Rq are the upstream

and downstream hydraulic radii, respectively and are equal to area, Ay Of Ad, divided
[ by the channel wetted perimeter; ny and ng are the upstream and downstream

FIGURE 3.2 River crossing

profile with constriction at @,

of the new channel cross section at the ¢

. X onstriction. It ¢z
of contraction, C¢, depends on the foll Hcambe shown thatthe cocfficien

lowing:
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*  Gravity (numerator) - moves water downhill

* Inertia (denominator) - reflects its willingness to do so.

Where:
V= Water velocity
D = Hydraulic depth (cross sectional area of flow / top width)
g = Gravity
When:
Fr=1, critical flow,
Fr>1, supercritical flow (fast rapid flow),
Fr<1, subcritical flow (slow / tranquil flow)






image22.png

Gravity

Inertia |

i

-

I
“é‘<

- moves water downhill

- reflects its willingness to do so.






image130.png

B. Constricted Discharge
» Design for subcritical flow (Fr <1.0)
 IfFr>1.0:
* Need scour protection
+ Creates an increase in water elevation at the

crossing
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Q

A=
CC Vu

C. = coefficient of contraction at the constriction

Cc depends on:
+ Contraction ratio
» Constriction edge geometry and angularity
» Submerged depth of abutment
» Slope of abutment face
» Eccentricity of constriction relative to normal stream flow

e Froude number
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FIGURE 3.3 River crossing profile with obstructions at Q.

similar o the flow past a constriction but with more openings (Figure 3.3). The degree
of contraction is usually less for obstructions than constrictions. Published values of
e for various obstruction geometries are available in the literature on open channel
hydraulics (Yarnell, 1934; Chow, 1959),

The flow about an obstruction consisting of bridge piers was extensively
investigated (Nagler, 1918) and Equation 3.9, which is similar in form to Equation 3,

Kny/2gH) +BVE

the effective width at the obstruction and is equal 0 by + b + b3 + by

); v is the depth at the pier or obstruction and is equal to yg — $V3/2g,
where yq s the depth downstream of the pier or obstruction, Vi is the average veloc-
ity of the downstream channel for discharge, 0; ¢ is the adjustment factor (it has
been evaluated from experiments that ¢ is generally about 0.3); K is the coeffi-
cient of discharge, which depends on the geometry of pier or obstruction and the
bridge opening ratio, N = b/B; Hi is the downstream afflux; f is the correction
for upstream velocity, Vi, head (from experiments and depends on bridge opening
ratio, N) (for N < 0.6, ~ 2).

However, for subcritical flow, the Federal Highway Administration (FHWA, 1990)
recommends the use of energy equation (Schneider etal., 1977) or momentum balance
methods (TAC, 2004) when pier drag is a relatively small proportion of the fric-
tion loss. When pier drag forces constitute the predominate friction loss through the
contraction, the momentum balance or Yarnell equation methods are applicable. The
momentum balance method yields more accurate results when pier drag becomes
more significant.

‘The Yamell equation is based on further experiments (summarized by Yarnell,
1034) with relatively large piers (typical of railway bridge substructures) that were
performed to develop equations for the afflux for use with Equation 3.10 (the
d'Aubuisson equation, which is applicable to suberitical flow conditions only):

Q

Ag=byg = ——
AV28H + Vi

(3.10)

where Ky is the coefficient from Yarnell's experiments, which depends on the geome-
 try of pier or obstruction and the bridge opening ratio, N = b/B, where B is the width
of the channel without obstruction.
“The afflux depends on whether the flow is subcritical or supercritical (Hamill,
1999). For subcritical flow conditions:

Hy = Kyaf3 (K +5F3 06)[(|—N1+15<1—M‘] @34y

where K is Yarnell’s pier shape coefficient (between 0.90 and 1.25 depending on pier
‘geometry) and F is the normal depth Froude number and is given by

Q0
=< <10

Aeva
The normal depth, yg, is readily calculated from the usual open channel
hydraulics methods.
For supercritical flow conditions (which will cause downstream hydraulic jump),

 theanalysisis more complex and design charts have been made to assist in establishing
* the discharge past obstructions (Yarnell, 1934)
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C. Obstructed Discharge
« Similar to constriction but with more openings
» Degree of contraction is usually less

Q

A=
CcWu

* (¢ : published values for known obstructions
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General scour

Local scour

Detail at pier footing

FIGURE 3.4 Scour at bridge crossings due to constrictions and obstructions,

3.232.2 Scourat Bridge Crossings

Once the required bridge opening and general geometry of the crossing is established,
scour conditions at constrictions and obstructions must be investigated in order to
sustain overall stability of the bridge foundations and substructure (Figure 3.4). Scour
can occur when the streambed is composed of cohesive or cohesiozless materials.
quever, scour generally occurs at a much higher rate for cohesionless materials,
which will be the focus of the present discussion. i

General scour occurs due to streamhad damen

Tools

estimated based on the width of the channel bed. Accurate assessment methods for
general scour, dy, are available (TAC, 2004; Richardson and Davis, 1995).

3.23.22.1 Contraction Scour During live-bed scour the contraction scour
depths are affected by deposits of sediment from upstream. Scour will cease when
the rate of sediment deposit equals the rate of loss by contraction scour. During clear-
water conditions sediment is not transported into the contraction scour depth increase
(creating channel bed depressions or holes). Scour will equilibrate and cease when
the velocity reduction caused by the increased area becomes less than that required
for contraction scour. Equation 3.12 provides an estimate of the approach streambed
velocity at which live-bed scour will initiate, Vi, as (Laursen, 1963)

Ve = 6y/°DL)?

o (.12)

where y, is the depth of channel upstream of bridge crossing, Dsy is the streambed
material median diameter at which 50% by weight are smaller than that specified
(the size that governs the beginning of erosion in well-graded materials).

Contraction scour depth, de, for cohesionless materials under live-bed conditions
can be estimated as (Laursen, 1962)

J&rerer-

where Q is the discharge at contracted channel (at bridge crossing); b is the net or
effective width of bridge opening; B is the width of the channel without obstruction or
constriction; n¢ is Manning’s surface roughness coefficient at the contracted channel;
ny is Manning’s surface roughness coefficient at the upstream channel; k1 and k2
are exponents that depend on \/gyuSu/Vp,. where S, is the upstream energy slope
(offen taken as streambed slope); Vpy, is the median fall velocity of flow based on
Dy median particle size.

Contraction scour depth, d., for cohesionless materials under clear-water condi-
tions can be estimated as (Laursen, 1962; Richardson and Davis, 1995)

de = (3.13)
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Figure 26.3. Curve layout procedure.
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Figure 1. Three types of balance conditions: overbalance or cant deficiency (left),
equilibrium or balance (center), and underbalance or cant excess (right)
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Figure 26.6. Rate of superelevation run-in.
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1.2.6 CLEARANCES (1995)" R(2008)

a. The clearances on straight track shall be not less than those shown in Figure 15-1-1. On curved track, the lateral
clearance each side of track centerline shall be increased 1-1/2 inches per degree of curvature. When the fixed
obstruction is on tangent track, but the track is curved within 80 feet of the obstruction, the lateral clearance each side
of track centerline shall be increased as shown in Table 15-1-4.

b, Where legal requirements specify greater clearances, such requirements shall govern.

c. The superelevation of the outer rail shall be specified by the Engineer. The distance from the top of rail to the top of tie
shall be assumed as 8 inches, unless otherwise specified by the Engineer.

d.  Where there are plans for electrification, the minimum vertical clearance shall be increased to that specified in Chapter
28, Clearances.

e The clearances shown are for new construction. Clearances for reconstruction work or for alterations are dependent on
existing physical conditions and, where reasonably possible, should be improved to meet the requirements for new
construction.
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Figure 15-1-1. Minimum Railway Bridge Clearances
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Table 15-1-4. Curved Track Clearance Increases

Distance from Obstruction
to Curved track in Feet

Increase per Degree
of Curvature in Inches

0-21 1-1/2
21-40 1-1/8
41-60 3/4
61-80 3/8
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A ballasted steel through plate girder railway bridge is to be designed with a 6° of curvature track
across its 70ft span. The railroad has specified a 5in. superelevation based on operating speeds
and conditions. The track tie depth and rail height are taken as 7in. each and the girders are
spaced at 16ft. Determine the geometrical effects of the curvature on the design live load shear
and bending moment for each girder.
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deck does not contribute to the strength of the span. Ties on many open decks are subjected (o =
large bending and shear forces (see section “Open Deck w/Walkway on a Steel Bridge* below).

‘The chief advantage of an open deck is that it is light and easy to install, making open decks
common on lighter density rail lines and on long span bridges where weight is a concern.
Typically, the installation cost for an open deck is less than both ballast decks and direct fixation
decks. Because of their lower weight, less material is required for the main structural members
of an open deck bridge, further reducing the initial construction cost. Open decks are also
advantageous when overhead clearance issues exist, since the depth of an open deck is typically
less than a ballast deck.

One of the greatest disadvantages of an open deck is that it is difficult to adjust the line and
surface of the track on the bridge. Furthermore, an open deck does not dampen the impact of a
‘moving train as well as a ballast deck.

‘The figure below shows the typical components of an open deck on a timber bridge.

Open Deck on a Timber Bridge Open Deck w/ Wallway on a Steel Bridge
Guard Timber

Rail

Tie Plate

Bridge Tie
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