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Live Load Force Effects -

Obijectivec Live load distribution factors
for flexure

Start with General Flow of Design Tasks

Click on:
6. Live Load Force Effeetdexure

F

GENERAL FLOW OF DESIGN TASKS

Listed below are the general Design Tasks associated with the typical flow of design of a routine
steel I-girder bridge superstructure. The list of Design Tasks is presented in roughly the typical
order that they occur in the superstructure design process. However. as noted below, some topics
apply to several Design Tasks. And, of course, the process of designing a bridge typically involves
some degree of iteration; the initial results of later Design Tasks may suggest that revising part of
the design which occurred earlier in the process might be beneficial When iterating through a
design in this manner. the designer is reminded that all steps of the design process should be
checked to see if the revision of one part of the design might affect other parts. Each task/topic
below is hyperlinked to its associated Design Task Quick Links page.

General Flow of Design Tasks:
1. Genesal Considerations
2. Deck Design
3. Resistance Factors and Load Modifiers

4. Load Combinations and Load Factors

Live Load Force Effects - Introduction

6. Live Load Force Effects - Flexure

Live Load Force Effects - Shear

@

Other Load Effects and Factors Affecting Load Effect Calculations
9. Girder Flexure Design — General
10. Girder Flexure Design — Constructibility
11. Girder Flexure Design — Service Limit State
12. Girder Flexure Design - Fatizue and Fracture Limit State
13. Girder Flexure Desizn — Strength Limit State
14. Girder Shear Design
15. Stffener Design
16. Shear Connector Desizn
17. Splice Desizn
18. Cross-FrameDiaphragm Design
Topics Which May Apply to Several Design Tasks
+  Bolted Connection Desizn
+  Welded Connection Design

+  Connection Design — Miscellaneous Checks
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Live Load Force Effects T Flexure

D = T k L = k P LIVE LOAD FORCE EFFECTS - FLEXURE
e S I g n a-S I n S ag e Quick links to applicable AASHTQ LRFD BDS provisions, with Discussion

*  Determine distribution fsctors for moment, considering

o Interior beams with concrete decks (4.6.2.22b)
o Exterior beams (4.6.2.2.2d)

o Skewsd bridges (4.6.2.2 2e)

Quick links to helpful industry design guidelines, references, and examples
For more explanation and examples of the determination of live load force effects with regards to flexure, see:

® The Reference Manual for NHI Course 130081, Load and Resistance Factor Desizn (LRFD) for Highway
Brides Superstructures

o Sections 44.1 (General), 442 (Live Load Distribution Factors), 44.3 (Iafluence Lines and
Infuence Surfaces)

* FHWA’s Steel Bridse Desizn Handbook

o Volume 7 - Loads and Load Comb

o Volume § - Structural Analvsic

o Desien Example 1. Three-5pan Continuous Straizht Composite Steel [-Girder Bridze
o Desizn Example 24 Two-Span Confinuous Straizht Composite Steel I-Girder Bridge

Quick links te useful tools

NSBA's LRFD Simon line-girder analysic and design soffware. Simon is available for free download from the NSBA
swebsite iz alzo 2 valusble tool for the desizn of routine stesl I-girder bridges. It can automatically calculate the live load
distribution factors necessary for the analysis, meaily reducing the fime and effort required of the designer. Other

commercial sofiwars packages with the sbility to analyzs and desizn routine stesl [-girder bridges are alzo availsble.

U verify the i ions, and 1 £ any program’s ealeulstions prior o imitial
use.

NSBA Guide to Navigating Routine Steel Bridge Design / 26
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LIVE LOAD FORCE EFFECTS - FLEXURE

Quick links to applicable AASHTQ LRFD BDS praovisigns, with Discussion

*  Determine factors for moment, consid

o Interior beams with conerete decks (4.6.2.2.2b)
o Exterior beams (4.6.2.2.2d)

o Skewed bridges (4622 2¢)

Q}N@i{x te helpful indusiry design guidelines, references, and examples

For mare and examples of thy ion of live load force effects with regards to flexure, see:

The Reference Manual for NHI Course 130081, Load and Resistance Factor Desizn (LRFD) for Highway

Bridze Superqucture:

LIVE LOAD FORCE EFFECTS - FLEXURE

Bt Eovte 21 To o Contim T Quick links to applicable AASHTO LRFD BDS provisions, with Discussion

+  Defermine distribution factors for moment, considering:

uick links fo useful tools - -
e ’ o Interior beams with concrete decks (4.6.2.2.2b)
NSBA's LRFD Simon lne-girder analysis and design software. Simon is available for free downlodd from the NSBA

website is ako 2 valuable tool for the desizn of routine steel I-girder bridges. It can automatically calculate the kive load
distribution factors mecessary for the analysis, greatly reducing the time and effort required of the desigher. Other
commercial software packages with the ability to analyze and desizn routine steel I-girder bridges are also availa

o Exterior beams (4.6.2.2.2d)

Users should verify the and general of any program’s caleulations prior to initial

e, o Skewed bridges (4.6.2.2.2e)

NSBA Guide to Navigating Routine Steel Bridge Design / 26




Live Load Force Effects T Flexure

4.6.2.2.2b Interior Beams with Concrete Decks
Determination of applicability. All Routine Steel I-girder Bridges: Partially applicable.

Determination and Discussion N

This Article addressed the live load distribution factor for moment on interior beams. The
cquations in the third row of Table 4.6.2.2.2b-1 (*Concrete Deck or Filled Grid, Partially Filled
Grid, or Unfilled Grid Deck Composite with Reinforced Concrete Slab on Steel or Concrete
Beams: Concrete T-beams, T- and Double T-sections™) are the only equations applicable for
calculation of live load distribution factors for moment on interior beams of routine steel I-girder
bridges. The routine steel I-girder bridges covered by this Guide satisfy the limitations specified
in the table for the use of these distribution factors.

Note that the live load distribution factor equations of Table 4.6.2.2.2b-1 inherently include
. . consideration of multiple presence (Article 3.6.1.1.2) as discussed in this Article. in Article
I nte rl O r G I rd e rS 3.6.1.1.2, and associated Commentary for both articles (see also the Discussion of Article 3.6.1.1.2
m this Guide). When evaluating the live load distribution for interior girders at the strength and

43-0" service limit states, the live load distribution factors calculated from the formulas given in the table

40'-0" Roadway ,

should not be modified to account for multiple presence. However, as discussed in the
1-6" 20 9 1/2" Stab Commentary for Article 3.6.1.1.2 and in the Discussion of Article 3.6.1.1.2 in this Guide. the
vv:/f e1 a/rZI;l o 'v}/,'?,'sfa( ‘ multiple presence factor of 1.20 should be removed from the one-lane-loaded live load distribution
—! —‘ ﬂ factor for interior girders calculated from the formula given in the table for evaluation of the fatigue
—F 1 B limit state.

312"

Section 4.4.2 of the Reference Manual for NHI Course 130081. Load and Resistance Factor Desien
(LRFD) tor Highway Bridge Superstructures provides an extensive and helpful discussion of the
| 36" AASHTO LRFD BDS approximate live load distribution factors for moment in interior girders,
' mnecluding example calculations.

3-6" | pa at 12'-0" = 36"-8

Most commercial line girder analysis programs (such as NSBA's TRFD Simon line-girder analysis
and design program) automatically caleulate the live load distribution factors necessary for the
analysis. Users should verify the capabilities, assumptions. and general correctmess of any
program’s calculations of the live load distribution factors prior to initial use.




Live Load Force Effects T Flexure

4.6.2.2.2b Interior Beams with Concrete Decks
Determination of applicability. All Routine Steel I-girder Bridges: Partially applicable.

Discussion:

This Article addressed the live load distribution factor for moment on interior beams. The
equations in the third row of Table 4.6.2.2.2b-1 (**Conerete Deck or Filled Grid. Partially Filled
Grid, or Unfilled Grid Deck Composite with Reinforced Concrete Slab on Steel or Conerete
Beams: Concrete T-beams, T- and Double T-sections™) are the only equations applicable for
caleulation of live load distribution factors for moment on interior beams of routine steel I-girder
bridges. The routine steel I-girder bridges covered by this Guide satisfy the limitations specified
in the table for the use of these distribution factors.

Note that the live load distribution factor equations of Table 4.6.2.2.2b-1 inherently include
consideration of multiple presence (Article 3.6.1.1.2) as discussed in this Asticle, in Article
3.6.1.1.2, and associated Commentary for both articles (see also the Discussion of Article 3.6.1.1.2
in this Guide). When evaluating the live load distribution for interior girders at the strength and
service limit states. the live load distribution factors calculated from the formulas given in the table
should not be modified to account for multiple presence. However. as discussed in the
Commentary for Article 3.6.1.1.2 and in the Discussion of Artiele 3.6.1.1.2 in this Guide, the
multiple presence factor of 1.20 should be removed from the one-lane-loaded live load distribution
factor for interior girders calculated from the formula given in the table for evaluation of the fatigue
limit state.

Section 4.4.2 of the Reference Manual for NHI Course 130081, Load and Resistance Factor Design

e

(LRFD) for Hishwav Bridee Superstructures provides an extensive and helpful discussion of the
AASHTO LRFD BDS approximate live load distribution factors for moment in interior girders,
including example calculations.

Most commercial line girder analysis programs (such as NSBA's LRFD Simon line-girder analysis
and design program) automatically calculate the live load distribution factors necessary for the
analysis. Users should verify the capabilities. assumptions, and general correctness of any

program’s calculations of the live load distribution factors prior to initial use.

_—— Partially Applicable: Parts of the
Article are applicable to the design of
routine steeldgirder bridges, other
parts are not applicable.

Equations in '3 Row of Table
4.6.2.2.2B1 are only ones applicable
to our example bridge.




Live Load Force Effects - Flexure

AASHIO

Table 4.6.2.2.2b-1—Live Load Distribution Factor for Moment in Interior Beams

Applicable Cross-

Section from Range of
Type of Superstructure | |Table 4.6.2.2.1-1] Distribution Factors Applicability
Wood Deck on Wood a. 1 See|Table 4.6.2.2.2a-1| LRFD BRIDGE
DESIGN
or Steel Beams SPECIFICATIONS
Concrete Deck on 1 One Design Lane Loaded: §=6.0
Wood Beams S5/12.0
Two or More Design Lanes Loaded:

5/10.0

Concrete Deck or a.e. k and also 1. ] | One Design Lane Loaded: 3.5=85<16.0 N 22

Filled Grid, Partially
Filled Grid, or

if sufficiently
connected to act

L~ 04 03 K 0.1
n.omm [E) A
14 L lE.ULIE

45<<12.0
20=L =240

Unfilled Grid Deck as a unit Np=4
Composite with Two or More Design Lanes Loaded: 10,000 < Kg <
Reinforced Concrete $ V5 s\ K 0.1 7.000.000
Slab on Steel or 0.075 +[_] (_] (733]

Concrete Beams; 9.5 L 12.0Lt,

Concrete T-Beams, T- use lesser of the values obtained from the Ny=3

and Double T-Sections

equation above with Ny = 3 or the lever rule
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4.6.2.2.2b Interior Beams with Concrete Decks
Determination of applicability. All Routine Steel I-girder Bridges: Partially applicable.

Discussion:

This Article addressed the live load distribution factor for moment on interior beams. The
equations in the third row of Table 4.6.2.2.2b-1 (*Conerete Deck or Filled Grid. Partially Filled
Grid, or Unfilled Grid Deck Composite with Reinforced Concrete Slab on Steel or Conerete
Beams: Concrete T-beams, T- and Double T-sections™) are the only equations applicable for
caleulation of live load distribution factors for moment on interior beams of routine steel I-girder
bridges. The routine steel I-girder bridges covered by this Guide satisfy the limitations specified
in the table for the use of these distribution factors.

Note that the live load distribution factor equations of Table 4.6.2.2.2b-1 inherently include
consideration of multiple presence (Article 3.6.1.1.2) as discussed in this Asticle, in Article
3.6.1.1.2, and associated Commentary for both articles (see also the Discussion of Article 3.6.1.1.2
in this Guide). When evaluating the live load distribution for interior girders at the strength and
service limit states. the live load distribution factors calculated from the formulas given in the table
should not be modified to account for multiple presence. However. as discussed in the
Commentary for Article 3.6.1.1.2 and in the Discussion of Artiele 3.6.1.1.2 in this Guide, the
multiple presence factor of 1.20 should be removed from the one-lane-loaded live load distribution
factor for interior girders caleulated from the formula given in the table for evaluation of the fatigue
limit state.

Section 4.4.2 of the Reference Manual for NHI Course 130081, Load and Resistance Factor Design

V

(LRFD) for Hishwav Bridee Superstructures provides an extensive and helpful discussion of the
AASHTO LRFD BDS approximate live load distribution factors for moment in interior girders,
including example calculations.

Most commercial line girder analysis programs (such as NSBA's LRFD Simon line-girder analysis
and design program) automatically calculate the live load distribution factors necessary for the
analysis. Users should verify the capabilities. assumptions, and general correctness of any
program’s calculations of the live load distribution factors prior to initial use.

Important Notes!

A MPFs included in LLDF from Table
4.6.2.2.2h1

A For Fatigue, MPF of 1.20 should be
removed from the ordane-loaded LLDF



Live Load Force Effects T Flexure

4.6.2.2.2b Interior Beams with Concrete Decks

Determination of applicability. All Routine Steel I-girder Bridges: Partially applicable. o
Publcaton No, FHWANHL15.047
i . US. Depariment of Jonsporiation Apil 2007
Discussion: Federal Highway Administration Revised July 2015

NHI Course No. 130081, 130081A, and 1300818

This Article addressed the live load distribution factor for moment on interior beams. The

equations in the third row of Table 4.6.2.2.2b-1 (*Conerete Deck or Filled Grid, Partially Filled Load and Rosistancc;;actor Design (LRFD)
Grid, or Unfilled Grid Deck Composite with Reinforced Concrete Slab on Steel or Conerete Highway Bridge Superstructures

Beams: Concrete T-beams, T- and Double T-sections™) are the only equations applicable for & =
caleulation of live load distribution factors for moment on interior beams of routine steel I-girder \ “g

bridges. The routine steel I-girder bridges covered by this Guide satisfy the limitations specified J _m
i the table for the use of these distribution factors. ﬂ T ‘ |,

Note that the live load distribution factor equations of Table 4.6.2.2.2b-1 inherently include
consideration of multiple presence (Article 3.6.1.1.2) as discussed in this Asticle, in Article
3.6.1.1.2, and associated Commentary for both articles (see also the Discussion of Article 3.6.1.1.2
in this Guide). When evaluating the live load distribution for interior girders at the strength and
service limit states. the live load distribution factors calculated from the formulas given in the table
should not be modified to account for multiple presence. However. as discussed in the
Commentary for Article 3.6.1.1.2 and in the Discussion of Artiele 3.6.1.1.2 in this Guide, the
multiple presence factor of 1.20 should be removed from the one-lane-loaded live load distribution
factor for interior girders calculated from the formula given in the table for evaluation of the fatigue
limit state.

[Accrepiieo)

[F RSV 5% R}

Section 4.4.2 of the Reference Manual for NHI Course 130081, Load and Resistance Factor Desigl/
(LRFD) for Hishway Bridge Superstructures provides an extensive and helpful discussion of the
AASHTO LRFD BDS approximate live load distribution factors for moment in interior girders,

including example calculations. /
Most commerecial line girder analysis programs (such as NSBA's LRFD Simon line-girder analysis _|

and design program) automatically calculate the live load distribution factors necessary for the
analysis. Users should verify the capabilities. assumptions, and general correctness of any
program’s calculations of the live load distribution factors prior to initial use.




Live Load Force Effects T Flexure

D = T k L = k P LIVE LOAD FORCE EFFECTS - FLEXURE
e S I g n a-S I n S ag e Quick links to applicable AASHTQ LRFD BDS provisions, with Discussion

*  Determine distribution fsctors for moment, considering

o Interior beams with concrete decks (4.6.2.22b)
o Exterior beams (4.6.2.2.2d)

o Skewsd bridges (4.6.2.2 2e)

Quick links to helpful industry design guidelines, references, and examples
For more explanation and examples of the determination of live load force effects with regards to flexure, see:

® The Reference Manual for NHI Course 130081, Load and Resistance Factor Desizn (LRFD) for Highway
Brides Superstructures

o Sections 44.1 (General), 442 (Live Load Distribution Factors), 44.3 (Iafluence Lines and
Infuence Surfaces)

* FHWA’s Steel Bridse Desizn Handbook

o Volume 7 - Loads and Load Comb

o Volume § - Structural Analvsic

o Desien Example 1. Three-5pan Continuous Straizht Composite Steel [-Girder Bridze
o Desizn Example 24 Two-Span Confinuous Straizht Composite Steel I-Girder Bridge

Quick links te useful tools

NSBA's LRFD Simon line-girder analysic and design soffware. Simon is available for free download from the NSBA
swebsite iz alzo 2 valusble tool for the desizn of routine stesl I-girder bridges. It can automatically calculate the live load
distribution factors necessary for the analysis, meaily reducing the fime and effort required of the designer. Other

commercial sofiwars packages with the sbility to analyzs and desizn routine stesl [-girder bridges are alzo availsble.

U verify the i ions, and 1 £ any program’s ealeulstions prior o imitial
use.

NSBA Guide to Navigating Routine Steel Bridge Design / 26




Live Load Force Effects T Flexure

Clelele Quick Links to Guidelines, References, & Exampl

LIVE LOAD FORCE EFFECTS - FLEXURE

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion

*  Determine factors for moment, consid

o Interior beams with concrete decks (4 622 2b)
o Exteriorbesms (4 622.24) Quick links fo helpful industry design guidelines, references, and examples
o Skewed bridges (4622 2¢)
For more explanation and examples of the determination of live load force effects with regards to flexure, see:

Quick links to helpful industry design guidelines, references, and examples

¢  The Reference Manual for NHI Course 130081. Load and Resistance Factor Design (LRFD) for Highway

For more and examples of thy ion of live load force effects with regards to flexure, see:
The Reference Mamual for NHT Course 130081 Load and Resistance Factor Desizn (LRFD) for Highway Bridge Superstructures
Budge Superstructures
= Emirm Ol (Errey (08 [Sm (e B S B, Q) (o o ) 0 Sections 4.4.1 (General). 4.4.2 (Live Load Distribution Factors). 4.4.3 (Influence Lines and

Influence Surfaces)

»  FHWA’s Stesl Bridee Desien Handbook Influence Surfaces)

o Volume 7 - Loads and Load Comb

¢ FHWA’s Steel Bridge Design Handbook

o Volume § - Structural Analysis

© Desizn Example 1. Three-Span Continuous Straight Composite Steel I-Girder Bridze

G Desisn Example 2A_ Two-Span Continnous Suaisht Composite Stesl I Girder Bridse o0 Volume 7 - Loads and Load Combinations

o Volume 8 - Structural Analvsis

0 Design Example 1. Three-Span Continuous Straight Composite Steel I-Girder Bridge

Quick links to useful tools

NSBA's LRFD Simon lne-girder analysis and design software. Simon is available for free download from the NSBA (]
‘website is also 2 valuable tool for the desizn of routine steel I-girder bridges. Tt can antomatically calculate the live load

distribution factors mecessary for the amalysis, greatly reducing the time and sffort required of the desigmer. Other : - 5 — « . oy - = i =
e e e L e 0 Design Example 2B. Two-Span Continuous Straight Composite Steel Wide-Flange Beam Bridge

Users should verify the and general of any program’s
use.

prior tomitial
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Live Load Force Effects - Flexure

Quick links to helpful industry design guidelines, references, and examples
For more explanation and examples of the determination of live load force effects with regards to flexure. see:

e The Reference Manual for NHI Course 130081. Load and Resistance Factor Design (LRFD) for Highway

Bridge Superstructures

o Sections 4.4.1 (General). 4.4.2 (Live Load Distribution Factors). 4.4.3 (Influence Lines and
Influence Surfaces)

e FHWA'’s Steel Bridge Design Handbook

o Volume 7 - Loads and Load Combinations

o Volume 8 - Structural Analysis

o Design Example 1. Three-Span Continuous Straight Composite Steel I-Girder Bridge

2 Pubicaton No. FHWANH. 16,087
5. Duparmant of Norvporicfon Aot 2007
Federal Highway Admetstiation Revisad Ay 2015

NHI Course No. 130081, 130081A, and 1300818

Load and Resistance Factor Design (LRFD)

ighway Bridge Sup

REFERENCE MANUAL

Steel Bridge Design Handbook

Design Example 1:
Three-Span Continuous Straight
Composite Steel I-Girder Bridge




Live Load Force Effects T Flexure

D = T k L = k P LIVE LOAD FORCE EFFECTS - FLEXURE
e S I g n a-S I n S ag e Quick links to applicable AASHTQ LRFD BDS provisions, with Discussion

*  Determine distribution fsctors for moment, considering

o Interior beams with concrete decks (4.6.2.22b)
o Exterior beams (4.6.2.2.2d)

o Skewsd bridges (4.6.2.2 2e)

Quick links to helpful industry design guidelines, references, and examples
For more explanation and examples of the determination of live load force effects with regards to flexure, see:

® The Reference Manual for NHI Course 130081, Load and Resistance Factor Desizn (LRFD) for Highway
Brides Superstructures

o Sections 44.1 (General), 442 (Live Load Distribution Factors), 44.3 (Iafluence Lines and
Infuence Surfaces)

* FHWA’s Steel Bridse Desizn Handbook

o Volume 7 - Loads and Load Comb

o Volume § - Structural Analvsic

o Desien Example 1. Three-5pan Continuous Straizht Composite Steel [-Girder Bridze
o Desizn Example 24 Two-Span Confinuous Straizht Composite Steel I-Girder Bridge

Quick links te useful tools

NSBA's LRFD Simon line-girder analysic and design soffware. Simon is available for free download from the NSBA
swebsite iz alzo 2 valusble tool for the desizn of routine stesl I-girder bridges. It can automatically calculate the live load
distribution factors necessary for the analysis, meaily reducing the fime and effort required of the designer. Other

commercial sofiwars packages with the sbility to analyzs and desizn routine stesl [-girder bridges are alzo availsble.

U verify the i ions, and 1 £ any program’s ealeulstions prior o imitial
use.
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Live Load Force Effects T Flexure

Slelele) Quick Links to Useful Tools

LIVE LOAD FORCE EFFECTS - FLEXURE

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion

*  Determine factors for moment, consid

Quick links to usefiul fools

o Interior beams with concrete decks (4 622 2b)
T EembemsEeana NSBA's LRFD Simon line-girder analysis and design software. Simon is available for free download from the NSBA
o Skewed bridges (4622 2¢)

website is also a valuable tool for the design of routine steel I-girder bridges. It can automatically calculate the live load

distribution factors necessary for the analysis. greatly reducing the time and effort required of the designer. Other

Quick links to helpful indusiry design guidelines, references, and examples
commercial software packages with the ability to analyze and design routine steel I-girder bridges are also available.

For mare and examples of thy ion of live load force effects with regards to flexure, see:
®  The Reference Manual for NHI Course 130081, Load and Resistance Factor Desizn (LRFD) for Highwav . o X . ) L
Bndse Supersmuctures Users should verify the capabilities. assumptions. and general correctness of any program’s calculations prior to initial
= Sectioms 4.4.1 (Generl), 4.42 (Live Load Distribution Factors), 4.4.3 (Influence Lines and
Influence Surfaces) use.

* FHWA’s Steel Bridze Deszizn Handbook

o Volume 7 - Loads and .oad Combinations

o Volume § - Structural Analysis

© Desizn Example 1. Three-Span Continuous Straight Composite Steel I-Girder Bridze

© Design Example 24, Two-Span Continuous Straight Composite Steel I-Girder Bridze

Quick links to useful tools

NSBA's LRFD Simon line-girder analysis and design software. Simon is available for free downlozd from the NSBA
website is ako 2 valuable tool for the desizn of routine steel I-girder bridges. It can automatically calculate the kive load
distribution factors mecessary for the analysis, greatly reducing the time and effort required of the designer. Other
commercial software packages with the ability to analyze and desizn routine steel I-girder bridges are also available

Users should verify the and general of any program’s caleulations prior to initial
use.
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Live Load Force Effects - Flexure

Ab{.1Qa [wC5 {Lahb

NSBA_Ex_1.dat* - LRFD Simon

File Analyze Help

ol @ VO e

LRFD Simon
Mode!

- Distribution Factors -
Matenal Properties
Loads
User Defined Design Vehicle Properties
Transverse Stiffener Properties
Shear Stud Properties
Span Information

Span 1
Span 2
Span 3
| Cross Section
Span 1
Span 2
Span 3 (symmetrical)
Costs
Material
Fabrication
Web Depth Optimization
Result Controls
Resuits

Distribution factor definition | Program Defined v
Computed Distribution Factors
Girder skew C} degrees
- :
Distance from web to curb, de ft

Girder location | Exterior V.

User Input Moment Distribution Factors
Single lane
Muttiple lane

User Input Shear Distribution Factors
Single lane
Muttiple lane

Calculated based on
AASHTO BDS

Define Interior or Exterior

If input manually:
LLDFy; s =0.900 lanes
LLDFy = 0.950 lanes
LLDFs 5 = 0.900 lanes
LLDFs . =0.950 lanes
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One lane loaded: [\ btk A S "] ‘ |ﬂ
0.4 0.3 K 0.1 j[ N 1 T
n.&m[i} (E} £ _ v [ 1
14 L 12.0Lt o | pa at 120" = 36X | 5.6

o s . 0.1
n.ms{lz‘”] [ 12.0 J 1.51x10 =0.528 lanes
14 140.0/ {12.0(140.0)9.0)°

Two or more lanes loaded:

0 02 K ol
0.075 +(i} [E] .
9.5) \L) [12.0Lt

0.6 02 6 0.1
u.m5+[m'ﬂ] ( 129 } L8Ix10° | 807 lanes (governs)
9.5 ) (140.0) |12.0(140.0)9.0)
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D = T k L = k P LIVE LOAD FORCE EFFECTS - FLEXURE
e S I g n a-S I n S ag e Quick links to applicable AASHTQ LRFD BDS provisions, with Discussion

*  Determine distribution fsctors for moment, considering

o Interior beams with concrete decks (4.6.2.22b)
o Exterior beams (4.6.2.2.2d)

o Skewsd bridges (4.6.2.2 2e)

Quick links to helpful industry design guidelines, references, and examples
For more explanation and examples of the determination of live load force effects with regards to flexure, see:

® The Reference Manual for NHI Course 130081, Load and Resistance Factor Desizn (LRFD) for Highway
Brides Superstructures

o Sections 44.1 (General), 442 (Live Load Distribution Factors), 44.3 (Iafluence Lines and
Infuence Surfaces)

* FHWA’s Steel Bridse Desizn Handbook

o Volume 7 - Loads and Load Comb

o Volume § - Structural Analvsic

o Desien Example 1. Three-5pan Continuous Straizht Composite Steel [-Girder Bridze
o Desizn Example 24 Two-Span Confinuous Straizht Composite Steel I-Girder Bridge

Quick links te useful tools

NSBA's LRFD Simon line-girder analysic and design soffware. Simon is available for free download from the NSBA
swebsite iz alzo 2 valusble tool for the desizn of routine stesl I-girder bridges. It can automatically calculate the live load
distribution factors necessary for the analysis, meaily reducing the fime and effort required of the designer. Other

commercial sofiwars packages with the sbility to analyzs and desizn routine stesl [-girder bridges are alzo availsble.

U verify the i ions, and 1 £ any program’s ealeulstions prior o imitial
use.
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LIVE LOAD FORCE EFFECTS - FLEXURE

Quick links to applicable AASHTQ LRFD BDS praovisigns, with Discussion

*  Determine factors for moment, consid

o Interior beams with conerete decks (4.6.2.2.2b)
o Exterior beams (4.6.2.2.2d)

o Skewed bridges (4622 2¢)

Q}N@i{x te helpful indusiry design guidelines, references, and examples

For mare and examples of thy ion of live load force effects with regards to flexure, see:

The Reference Manual for NHI Course 130081, Load and Resistance Factor Desizn (LRFD) for Highway

Bridze Superqucture:

LIVE LOAD FORCE EFFECTS - FLEXURE

Bt Eovte 21 To o Contim T Quick links to applicable AASHTO LRFD BDS provisions, with Discussion

+  Defermine distribution factors for moment, considering:

uick links fo useful tools - -
e ’ o Interior beams with concrete decks (4.6.2.2.2b)
NSBA's LRFD Simon lne-girder analysis and design software. Simon is available for free downlodd from the NSBA

website is ako 2 valuable tool for the desizn of routine steel I-girder bridges. It can automatically calculate the kive load
distribution factors mecessary for the analysis, greatly reducing the time and effort required of the desigher. Other
commercial software packages with the ability to analyze and desizn routine steel I-girder bridges are also availa

o Exterior beams (4.6.2.2.2d)

Users should verify the and general of any program’s caleulations prior to initial

e, o Skewed bridges (4.6.2.2.2e)
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Determination and Discussion

Exterior Girders

43-0"

40'-0" Roadway

1-6" 20"
9 1/2" Slab
w/ 1/2" Integral ZSV\‘/)S fa(
Wearing Surface —‘ .0 ps —‘ E
- - { - T\
t
=

@
—}
NC 312 |

3 Spa at 12'-0" = 360" "

4.6222d Exterior Beams

Determination of applicability, 4if Routine Steel I-girder Bridges: Partially applicable.
Discussion:

This Article addressed the live load distribution factor for moment on exterior beams. The
equations the third row of Table 4.6.2.2 2d-1 (“Concrete Deck or Filled Grid, Partially Filled Grid.
or Unfilled Grid Deck Composite with Reinforced Concrete Slab on Steel or Concrete Beams:
Concrete T-beams. T- and Double T-sections™) are the only equations applicable for calculation
of live load distribution factors for moment on exterior beams of routine steel I-girder bridges. The
routine steel I-girder bridges covered by this Guide satisfy the limitations specified in the table for
the use of these distribution factors.

Note that the live load distribution factor equations of Table 4.6.2.2.2d-1 inherently include
consideration of multiple presence (Article 3.6.1.1.2) as discussed in this Article, in Article
3.6.1.1.2, and associated Commentary for both articles (see also the Discussion of Article 3.6.1.1.2
in this Guide). When evaluating live load distribution for exterior girders at the strength and service
limit states, the live load distribution factor calculated from the formula given in the table for the
case of two or more lanes loaded should not be modified to account for multiple presence.

For situations where only one design lane is loaded. the lever rule is used to calculate the
distribution factor for moment in an exterior girder. For further description of the lever rule, see
the Commentary for Article 4.6.2.2.1. The provisions of Article 3.6.1.1.1 regarding the placement
of the design lanes and the placement of the wheel loads within those lanes should be followed
when utilizing the lever rule. When evaluating the live load distribution for exterior girders for
one-lane loaded at the fatigue limit state utilizing the lever rule, the multiple presence factor of 1.2
should not be applied. When evaluating the live load distribution for exterior girders utilizing the
lever rule for situations where only one design lane is loaded at the strength and service limit states.
the appropriate multiple presence factor specified in Table 3.6.1.1.2-1 must be applied. The
presence or absence of cross-frames or diaphragms is not considered when calculating distribution
factors using the lever rule, which only considers the deck acting as a lever supported by the
exterior and first interior girder.

In addition, this Article specifies that for steel bridge cross-sections with cross-frames or
diaphragms, the live load distribution factor for the exterior girder is not to be taken less than that
which would be obtained by assuming the cross-section deflects and rotates as a rigid cross-
section. This special analysis is specified because the empirical distribution factors for moment
given in the specification table were determined without consideration of cross-frames or
diaphragms; hence. while they are conservative for interior girders. they are generally
unconservative for exterior girders in steel multi-girder bridges. Therefore, the distribution factor
for moment in the exterior girders determined from this special analysis will usually control and
should always be employed for routine steel I-girder bridges since the exterior girder is typically
the critical girder for moment. It is recommended that Eq. C4.6.2.2.2d-1 be used to satisfy this
assumption; the equation should be evaluated for one lane loaded and also for two or more lanes
loaded (up to the total number of design lanes the design roadway width can accommodate). The
provisions of Article 3.6.1.1.1 regarding the placement of the design lanes and the placement of

NSBA Guide to Navigating Routine Steel Bridge Design / 95

the wheel loads within those lanes should also be followed. When evaluating the live load
distribution for exterior girders for one-lane loaded at the fatigue limit state utilizing the special
analysis, the multiple presence factor of 1.2 should not be applied. When evaluating the live load
distribution for exterior girders for any number of design lanes loaded at the strength and service
limit states utilizing the special analysis, the appropriate multiple presence factor specified in Table
3.6.1.1.2-1 must be applied.

Section4.4.2 of the Reference Manual for NHI Course 130081, Load and Resistance Factor Design
(LRFD) for Highway Bridge Superstructures provides an extensive and helpful discussion of the
AASHTO LRFD BDS approximate live load distribution factors for moment in exterior girders,
including example calculations utilizing the specification formulas, the lever rule, and the special
rigid cross-section analysis.

Most commercial line girder analysis p: (such as NSBA's LRFD Simon line-girder analysis
and design program) automatically calculate the live load distribution factors necessary for the
analysis. Users should verify the capabilities. assumptions, and general correctness of any
program’s calculations of the live load distribution factors prior to initial use. Note that the LRFD
Simon program does not currently perform the special rigid cross-section analysis.




Live Load Force Effects - Flexure

4.6.2.2.2d Exterior Baams
Determination of applicability. Ail Routine Steel I-girder Bridges: Partially applicable.

Discussion:

This Atticle addressed the live load distribution factor for moment on exterior beams. The A

equations the third row of Table 4.6.2.2.2d-1 (“Concrete Deck or Filled Grid, Partially Filled Grid.
or Unfilled Grid Deck Composite with Reinforced Concrete Slab on Steel or Concrete Beams:
Concrete T-beams, T- and Double T-sections™) are the only equations applicable for calculation
of live load distribution factors for moment on exterior beams of routine steel I-girder bridges. The
routine steel I-girder bridges covered by this Guide satisfy the limitations specified in the table for
the use of these distribution factors.

Note that the live load distribution factor equations of Table 4.6.2.22d-1 inherently include
consideration of nmltiple presence (Article 3.6.1.1.2) as discussed in this Article, i Artficle
3.6.1.1.2, and associated Commentary for both articles (see also the Discussion of Article 3.6.1.1.2
in this Guide). When evaluating live load distribution for exterior girders at the strength and service
limit states, the live load distribution factor calculated from the formula given in the table for the
case of two or more lanes loaded should not be modified to account for multiple presence.

For situations where only one design lane is loaded. the lever ule is used to calculate the

distribution factor for moment in an exterior sirder. For further description of the lever mule. see

Equations in '3 Row of Table
4.6.2.2.2d1 are only ones applicable
to our example bridge.
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Table 4.6.2.2.2d-1—Live Load Distribution Factor for Moment in Exterior Longitudinal Beams

Type of Superstructure

Applicable Cross-

Section from| Tablel
4.6.2.2.1-1

One Design Lane
Loaded

Two or More

Wood Deck on Wood or
Steel Beams

a.l

Lever Rule

Conerete Deck on Wood
Beams

Lever Rule

Conecrete Deck or Filled
Grid, Partially Filled Grid.
or Unfilled Grid Deck
Composite with Reinforced
Concrete Slab on Steel or
Conerete Beams: Concrete
T-Beams. T- and Double T-
Sections

a, e. k and
also 1, j
if sufficiently
connected to act as a
unit

Lever Rule

Design Lanes Range of
Loaded Applicability
Lever Rule N/A
Lever Rule N/A
g = € Einterior -1.0=d, <55
e =077 + L
9.1
use lesser of the Ny=3

values obtained
from the
equation above
with Ny =3 or
the lever rule

LRFD BRIDGE
DESIGN
SPECIFICATIONS

9th Edition | 2020
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exterior and frst mierior girder. : . .
In addition. this Article specifies that for steel bridge cross-sections with cross-frames or For eXterIor glrders It IS

diaphragms, the live load distribution factor for the exterior girder is not fo be taken less than that ;
which would be obtained by assuming the cross-section deflects and rotates as a ngid cross- / SuggeSted to ConSIder the

section. This special analysis is specified because the empirical distribution factors for t T H

given in the specification table were determined without consideration of cross<ffames or SpECIaI AnaIySIS Of Eq -
diaphragms; hence, while they are conservative for interior girders. tl are generally C4 2 2 2d1

unconservative for exterior girders in steel multi-girder bridges. Therefope; the distribution factor rere '
for moment in the exterior girders determined from this special analysis will usually control and
should always be employed for routine steel I-girder bridges since the exterior girder is typically
the critical girder for moment. It is recommended that Eq. C4.6.2.2.2d-1 be used to satisfy this
assumption; the equation should be evaluated for one lane loaded and also for two or more lanes
loaded (up to the total mumber of design lanes the design roadway width can accommeodate). The
provisions of Article 3.6.1.1.1 regarding the placement of the design lanes and the placement of

the wheel loads within those lanes should also be followed. When evaluating the live load
distribution for exterior girders for one-lane loaded af the fatigue linut state utilizing the special
analysis, the multiple presence factor of 1.2 should not be applied. When evaluating the live load
distribution for exterior girders for any number of design lanes loaded at the strength and service
limit states utilizing the special analvsis, the appropriate multiple presence factor specified in Table
3.6.1.1.2-1 nst be applied.
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A Special Analysis (C4.6.2.2-:Z0ommentary)

A Assuming the entire crosgection rotates as a rigid bodyf s —
about the longitudinal centerline of the bridge, T Thesan
distribution factors for the exterior girder are also

computed for one, two and three lanes loaded using t
following formula

R 55 Rz/ﬂ i Ry
Ny P, P P, ll’. P P,
R= NL — (C4.6.2.2.2d-1) | /]
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9 172" Slab
wi 172" Integral
Wearing Surface

o

Table 4.6.2.2.2d Eq. C4.2.2.2d

Multiple presence factors (Table 3.6.1.1.2-1):

One lane loaded: Use the lever rule (Table 4.6.2.2.2d-1)
R 5 1 lane: my=1.2
| - 2 lanes: m;=1.0
16", _ 20" 60" 3 lanes: m; = (.85
; \ Referring to Figure 6:
A‘.'_._' Sire 4 R AT 4 ‘:.,‘ L] ,
T ==y = . 1 (12.0+6.0)12.0+3.0)
9.0 One lane loaded: R=—+ 5 - =0.625
22 ~0.750 4 2(8.0°+6.0)
12.0
Multiplepresence factor m=1.2(Table 3.6.1.1.2-1) m,R =1.2(0.625) = 0.750 lanes
36" .3 120" ! 1.2(0.750) = 0.900 lanes
Two lanes loaded: R= 2 + (12.0+6.0)12.0+3.0+3.0) =0.950

4 2(18.0° +6.0%)
Two or more lanes loaded:  Modify interior-girder factor by e (Table 4.6.2.2.2d-1)
m,R =1.0(0.950) = 0.950 lanes (governs)

d
e=0.77+—=
9.1 Three lanes loaded: p o3, (120+60)12.0+3.0+3.0-9.0)

4 2(18.0° +6.0°) =097

e=0.77+ % =0.990

m,R =0.85(0.975) = 0.829 lanes

0.990(0.807) = 0.799 lanes
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Girder Flexure Design

AAASHTO LRFD Limit States
A Constructability*
AService
AFatigue
A Strength
AExtreme Event

* Not an AASHTO defined limit state, but often treated similarly (invoked under Streng
Limit State).

For more information, see FHWA SBDH Volume 10, Limit States



Girder Flexure Design

General Flow of Design Tasks:

AGeneral Flow of Design Tasks ol Consdemton

2. Deck Design

3. Resistance Factors and Load Modifiers

4. Load Combinations and Load Factors

5. Live Load Force Effects - Introduction

6. Live Load Force Effects - Flexure

7. Live Load Force Effects - Shear

8. Other Load Effects and Factors Affecting Load Effect Calculations

9. Girder Flexure Design — General

10. Girder Flexure Design — Constructibility

11. Girder Flexure Design — Service Limit State

12. Girder Flexure Design — Fatigue and Fracture Limit State

Note that the Guide tells me that the Extreme R o o
9SSyl [AYAG {GFiGS A& aoSezy F“é Ziﬁf}{ﬁff"j‘6“§Tht“3§“f 2 ¥
4 dzLISNE G NHzO G dzNB RSaA3Iyé F2NI N c,n&mmf oNA RIS A
(Design Task Item 1, General Considerations).

16. Shear Connector Design
17. Splice Design

18. Cross-Frame/Diaphragm Design



Girder Flexure Design

Obijectivec Perform Girder Flexure
Design for Constructability

Start with General Flow of Design Tasks

Start with:
9. Girder Flexure Desigeneral

©O6e®

GENERAL FLOW OF DESIGN TASKS

Listed below are the general Design Tasks associated with the typical flow of design of a routine
steel I-girder bridge superstructure. The list of Design Tasks is presented in roughly the typical
order that they occur in the superstructure design process. However. as noted below, some topics
apply to several Design Tasks. And, of course, the process of designing a bridge typically involves
some degree of iteration; the initial results of later Design Tasks may suggest that revising part of
the design which occurred earlier in the process might be beneficial When iterating through a
design in this manner. the designer is reminded that all steps of the design process should be
checked to see if the revision of one part of the design might affect other parts. Each task/topic
below is hyperlinked to its associated Design Task Quick Links page.

General Flow of Design Tasks:
1. Genesal Considerations
2. Deck Design
3. Resistance Factors and Load Modifiers

4. Load Combinations and Load Factors

Live Load Force Effects - Introduction

6. Live Load Force Effects - Flexure

Live Load Force Effects - Shear

@

Other Load Effects and Factors Affecting Load Effect Calculations
9. Girder Flexure Design — General
10. Girder Flexure Design — Constructibility
11. Girder Flexure Design — Service Limit State
12. Girder Flexure Design - Fatizue and Fracture Limit State
13. Girder Flexure Desizn — Strength Limit State
14. Girder Shear Design
15. Stffener Design
16. Shear Connector Desizn
17. Splice Desizn
18. Cross-FrameDiaphragm Design
Topics Which May Apply to Several Design Tasks
+  Bolted Connection Desizn
+  Welded Connection Design

+  Connection Design — Miscellaneous Checks
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Girder Flexure Design - General

GIRDER FLEXURE DESIGN - GENERAL

D e S I g n I a.S k L I n kS I ag e OQnick links to applicable AASHTO LRFD BDS provisions, with Discussion

Design girders for flexure, considering the following general fopics:

+  Composite Section Stresses (6.10.1.1.1a, 610.1.1.1b, 6.10.11.1c, 610.1.1.1, 6.10.1.1.1e)
+  Flange Stresses and Member Bending Moments (6.10.1.6)

*  Fundamental Seetion Properties (D6.1, D6.2.1, D6.2.2, D623, D6.3.1, D6.32)

+  Materials (6.4)

*  Material Thickness (6.7.3)

Quick Iinks to helpful industry design gnidelines, references, and examples
For more explanstion and exsmples of flexure desizn, ses

*  The Reference Manual for NHI Course 130081, 1 oad and Resistance Factor Desizn (IRFD) for Highway
ZDudze Superstuctues
o Sechons 6452 (Plastic Moment), 64.53 (Yield Moment), 64541 {Depth of Web i
Compression in the Elastic Rangs), 64542 (Depth of Web in Compression at the Plastic
Momext), and 6.5.2 (LRFD Flexuzal Design Resistance Equations)

* FHWA’s Steel Bndze Desizn Handbook

o Desizn Example 1. Three-Span Confinuous Straizht Composite Steel I-Girder Bridze

®  The Reference Mamual for NHI Course 130102, Engneering for Structural Stability m Bridze Ci

In addition, sanity check initial design results by ing them to NSBA’s Span-to-Weizht Curves

Quick links fo nseful tools

NSBA's LRFD Simon line-girder analysiz and design soffware. Simon is available for fies download from the NSBA
website is also 2 valuable tool for the design of routine steel I-girder bridges. It caleulates the stresses in the section in
accordance with the provisions of the AASHTOQ LRFD BDS, greatly reducing the time and effort required of the
designer. NOTE that the Simone soffware cuently does not inciuds the capability to design the girders uzing the
provisions of Appendix A6 to account for the ability of certain compact and noncompact web L-sactions to develop
flexural resistances significantly ereater than the yield moment, 1,. Other commercial software packages with the ability
to analyze and design routine stee] [-girder bridgas are al:o available.

Users should verify the capabilitie, ionz, and general of any program:’ ions prior to initial

use
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@O v [ 6.10.1 General

GIRDER FLEXURE DESIGN - GENERAL v [:I 6.10.1.1 Composite Sections

Quick links io applicable AASHTO LRFD BDS provisions, with Discussion ~ u 6.10.1.1.1 Stresses

Design girders for flexure, considering the following general topics

[:] 6.10.1.1.1a Sequence of Loading

+  Composite Section Stesses (6.10.1. 113, 6.10.1.1.1k, £.10.111c, £.10.1.1.14, 6.10.1.1.1s)

¢ B e S T () [1 6.10.1.1.1b Stresses for Sections in Positive Flexure
s Fundamental Section Properties (D6.1, D52.1, D6.2.2, D62.3, D6.3.1, D6 3.2)

+ Materials (5.4 D 6.10.1.1.1c Stresses for Sections in Negative Flexure

*  Material Thickness (673) [1 6.10.1.1.1d Concrete Deck Stresses

D 6.10.1.1.1e Effective Width of Concrete Deck

GIRDER FLEXURE DESIGN — GENERAL

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion
Design girders for flexure, considering the following general topics:

¢ Composite Section Stresses (6.10.1.1.1a. 6.10.1.1.1b, 6.10.1.1.1¢, 6.10.1.1.1d. 6.10.1.1.1e)

In addifion, sanity check nitial design results by them to NSBA’s Span-to-Weizht Curves

T e Flange Stresses and Member Bending Moments (6.10.1.6)

NSBA's LRFD Simos line-girder analysis and design software. Simon is available for free downlo
wrebsite iz also 2 valuable ool for the design of routine steel I-girder bridges. It calculates the stressas in
accordance with the provisions of the AASHTO LRFD BDS, greatly reducing the time and affort raquir
designer. NOTE that the Simone soffware cunrently does not inchude the eapability to desien the girders using
provisions of Appendix A6 to account for the ability of certain compact and noncompact web Lsections to develop
flexural resistances significantly greater than the yield moment, 1. Othe: commercial software packages with the ability
to analyze and desien routine steel I-girder bridges are also available.

¢ Fundamental Section Properties (D6.1, D6.2.1, D6.2.2. D6.2.3, D6.3.1. D6.3.2)
¢ Materials (6.4)

¢  Material Thickness (6.7.3)

Users should verify th and general fany program’s prior to inifial

use.
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Determination and Discussion

6.10.1.1.1 Stresses

States which loads are applied to which section
YR 6KAOK aSO0A2Yy LINEI
ADG C Bare Steel
ADG C Longterm transformed composite

6.10.1.1.1a  Sequence of Loading
Determination of applicability. A/l Routine Steel I-girder Bridges: Applicable.

Discussion: )
This Article describes for a composite section the necessary accumulation of the elastic stresses Secugn (3n)
due to the applied dead and live loads acting on different sections: that is. the noncomposite ADW C Long.term transformed Composrte
component dead loads (referred to herein as DC, loads) acting on the bare steel section. the : 3

; i -1 gl : section (3n)
composite component dead loads (referred to herein as DC; loads) acting on the long-term (3n) > .
transformed composite section to account for the effects of concrete creep. the wearing surface A(LL+| M)C Shortterm transformed Comp03|te
and utility loads (referred to as DW loads) acting on the long-term (3n) transformed composite .
section, and the live loads plus the dynamic load allowance (LL+IM) acting on the short-term (n) SeCtlon (n)

transformed composite section. The calculation of the long-term and short-term transformed
composite sections is described in Articles 6.10.1.1.1b and 6.10.1.1.1¢c (see the Discussion of
Articles 6.10.1.1.1b and 6.10.1.1.1¢ in this Guide). The accumulation of the elastic stresses must . e {
be accounted for in the design of steel I-girder bridges at the service and strength limit states (and LA , N &L S ]

in some cases involving the dead loads at the fatigue limit state). No Deck
0 Decl

This accumulation of the elastic stresses reflects the assumption that the routine steel I-girder
bridges covered by this Guide are built using unshored construction. in which no support of the
steel beams or girders (other than at permanent support points) is provided during the concrete |
dec.l\ construction. including 1o temporary supports. As a result. the bare steel b.eam.s or glndéxs ] L1 9 I —
resist the permanent load applied before the concrete deck hardens and the composite girder section Deck withsh
eck, wi ear

(steel girder alone. steel girder plus the composite concrete deck. or steel girder plus the Connactors
lancitndinal deck reinfarcement ac annlicahle — cee the Diconccion of Articles 8101 1 1h and e ——
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@e6ee [1 D6.1 PLASTIC MOMENT

GIRDER FLEXURE DESIGN - GENERAL v D D6.2 YIELD MOMENT

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion [ D D6.2.1 Noncomposite Sections

Design girders for flexure, considering the following general topics . . . .
D D6.2.2 Composite Sections in Positive Flexure

+  Composite Section Stesses (6.10.1. 113, 6.10.1.1.1k, £.10.111c, £.10.1.1.14, 6.10.1.1.1s)

*  Flange Stresses ind Member Bending Moments (6.10.1.6) D D6.2.3 Composite Sections in Megative Flexure
s  Fundamental Section Properties (D61, D621, D622 D623, D631, D632)

D D6.2.4 Sections with Cover Plates

+ Material: (6.4)

2 e ~ D D6.3 DEPTH OF THE WEB IN COMPRESSION

D D6.3.1 In the Elastic Range (Dc)
[1 D6.3.2 At Plastic Moment (Dcp)

GIRDER FLEXURE DESIGN — GENERAL

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion
Design girders for flexure, considering the following general topics:

¢ Composite Section Stresses (6.10.1.1.1a. 6.10.1.1.1b, 6.10.1.1.1c, 6.10.1.1.1d. 6.10.1.1.1¢)

In addifion, sanity check nitial design results by them to NSBA’s Span-to-Weizht Curves

T e Flange Stresses and Member Bending Moments (6.10.1.6)

NSBA's LRFD Simos line-girder analysis and design software. Simon is available for free downlo
wrebsite iz also 2 valuable ool for the design of routine steel I-girder bridges. It calculates the stressas in
accordance with the provisions of the AASHTO LRFD BDS, greatly reducing the time and affort raquir
designer. NOTE that the Simone soffware cunrently does not inchude the eapability to desien the girders using
provisions of Appendix A6 to account for the ability of certain compact and noncompact web Lsections to develop
flexural resistances significantly greater than the yield moment, 1. Othe: commercial software packages with the ability
to analyze and desien routine steel I-girder bridges are also available.

¢ Materials (6.4)

¢  Material Thickness (6.7.3)

Users should verify th and general fany program’s prior to inifial

use.
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Determination and Discussion

Dé6.1 PLASTIC MOMENT

/ Conditionally Applicable: Some or all of the Article
- o , o . - may be applicable to the design of routine steel |
Determination of applicability, All Roufine Steel I-girder Bridges: Conditionally applicable. . . . .

Discussion: girder bridges depending on the circumstances

The plastic moment, Mp, 1s defined in the AASHTO LRFD BDS as the resisting moment about the
major axis of a fully yielded cross-section. Mp is used as a theoretical measure of the maximum
potential flexural resistance at the strength limit state of a noncomposite or composite section
satisfying specific steel grade, flange and web slenderness. compression-flange bracing and
ductility requirements. as applicable. For sections that can achieve the full plastic-moment
resistance, it is assumed that the section is completely elastic up to Mp and then rotates inelastically
at Mp with no increase in the moment resistance. The effects of strain hardening are conservatively
ignored. This idealized moment-rotation behavior is termed elastic-perfectly plastic behavior. In
the AASHTO LRFD BDS, composite sections in straight bridges in regions of positive flexure B k d d H H th I t t
that can achieve flexural resistances at or near Mp are termed compact sections (see the Discussion ac g roun ISCUSSION ONn e p astic mom M}) )
of Article 6.10.6.2.2 in this Guide). Composite sections in regions of negative flexure and
noncomposite sections subject to positive or negative flexure in straight bridges that can achieve
flexural resistances of Mp are termed compact web sections and are less commonly used (see the
Commentary for Article 6.10.6.2.3 and the Discussion of Article 6.10.6.2.3 in this Guide for
further discussion on the definition and categorization of compact web. noncompact web, and
slender web sections).

Mp is calculated as the moment of the plastic forces acting on the cross-section about the plastic
neutral axis (PNA). For sections subject to flexure only. My may be calculated as the moment of
the plastic forces about any axis parallel to the PNA. Plastic forees in steel portions of the cross-
section are calculated using the yield strengths of the flanges, web, and longitudinal reinforeing
steel, as appropriate. Plastic forces in concrete portions of the cross-section (in compression only)
are based on a rectangular stress block. with the magnitude of the compressive stress taken equal
to 0.85f7%. Conerete in tension is neglected. Equations to caleulate these plastic forees are given in
this Article. The position of the PNA is calculated based on the equilibrium condition that there is
10 net axial foree acting on the cross-section.

For composite sections. the stress distribution in the cross-section at M) is assumed independent
of the manner in which the stresses are induced into the beam. Also. creep and shrinkage are
assnumed to have no effect on the internal stress distribution at M. Thus. when checkine the flexural
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GIRDER FLEXURE DESIGN - GENERAL

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion
Design girders for flexure, considering the following general topics
*  Composite Section Stresses (6.10.1.1.12, 6.10.1.1.15, 6.10.1.1.1c, 6.10.1.1.14, 6.10.1.1.1)
*  Flange Stresses and Member Bending Moments (6.10.1.6)
*+  Fundamental Sechion Properties (D6.1, D6.2.1, D622, D6.2 3, D6.3.1, D63.2)
o Materials (6.4)

+  Material Thickness (6.7.3)

Quick Links to Guidelines, References, & Exampl

Quick links to helpful industry design guidelines, references, and examples
For more explanstion and exsmples of flexure desizn, ses

*  The Reference Manual for NHI Course 130081, Toad and Resistance Factor Desizn (LRFD) for Highway
Brdzs Supsrstructures
o Sections 64352 (Plastic Moment), 6453 (YVield Momenf), 64541 (Depth of Web in
Compression in the Elastic Range), 64542 (Depth of Web in Compression at the Plastic
Moment), znd 6.5.2 (LRFD Flexural Design Resistnce Equations)

* FHWA's Steel Bridze Desizn Handbook
Wolune 1 — Brides Steeks and Their Mechagical Proveries

@ Design Example 1. Three-Span Continuous Stiaisht Composite Steel I-Girder Bridge

®  The Reference Manual for NHI Cowrse 130102, Enzineering for Structural Stability in Bridge C

In addition, samity check initial design results by them to NSBA’s Span-to-Weight Curves

Quick links fo nseful tools

NSBA's LRFD Simon line-girder analysis and design soffware. Simon is available for free download from the NSBA
website iz 2o 2 valuable tool for the design of routine stesl I-girder bridges. It calculate: the strezses in the saction in
accordance with the provisions of the AASHTO LRFD BDS, grestly reducing the time and sffort raquired of the
designer. NOTE that the Simone soffware curently does not incinde the capability to desien the girders using the
‘provisions of Appendix A6 to account for the ability of certain compact and noncompact web Lsactions to develop
flexural resistances significantly greater than the yield moment, 11,. Other commercial software packages with the ability
10 analyze and desien routine stesl L girder bridges are also available.

Users should verify the capabilities, assumptions, and general correctness of any program’s caleulations prior to fnitial

use.

Quick links to helpful industry design guidelines, references, and examples
For more explanation and examples of flexure design, see:

s The Reference Manual for NHI Course 130081, Load and Resistance Factor Desien (LRFD) for Hishway
Bridge Superstmuctures

o Sections 6452 (Plastic Moment), 6453 (Yield Moment), 64541 (Depth of Web in
Compression 1 the Elastic Range), 64542 (Depth of Web 1n Compression at the Plastic
Moment), and 6.5.2 (LRFD Flexural Design Resistance Equations)

+ FHWA’s Steel Bridee Desien Handbook

o Volume 1 — Bndge Steels and Their Mechanical Properties

o Design Example 1. Three-Span Continuous Straight Composite Steel I-Girder Bridge
o Design Example 2A_ Two-Span Continuous Straight Composite Steel I-Girder Bridee
o Design Example 2B Two-Span Continuous Straight Composite Steel Wide-Flange Beam Bridge

s  The Reference Manual for NHI Course 130102 Engineering for Structural Stability in Bndge Construction

In addition, samty check initial design results by companng them to NSBA s Span-to-Weight Curves
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Quick links to helpful industry design guidelines, references, and examples

For more explanation and examples of flexure design, see:
s The Reference Manual for NHI Course 130081, Load and Resistance Factor Desien (LRFD) for Hishway
Bridge Superstmuctures

o Sections 6452 (Plastic Moment), 6453 (Yield Moment), 64541 (Depth of Web in
Compression 1 the Elastic Range), 64542 (Depth of Web 1n Compression at the Plastic
Moment). and 6.5.2 (LRFD Flexural Design Resistance Equations)

s FHWA’s Steel Bridge Desion Handbook
o Volume 1 — Bndge Steels and Their Mechanical Properties
o Desion Example 1. Three-Span Continuous Straisht Composite Steel I-Girder Bnidge
o Desion Example 2A Two-Span Continuous Straisht Composite Steel I-Girder Bridoe
o Desion Example 2B. Two-Span Continuous Straicht Composite Steel Wide-Flanse Beam Bridge

s The Reference Manual for NHI Course 130102 Enmineering for Structural Stability 1n Bridge Construction

In addition, samty check initial design results by companng them to NSBA s Span-to-Weight Curves
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Section Properties

1" x 16" g
©

1/2" x 69"

13/8"x18"

Figure 12: Section 1-1

Table 3 Section 1-1: Steel Only Section Properties

Component A d Ad Ad? I, I
Top Flange 1" x 16" 16.00] 35.00] 360.0] 19,600| 1.33] 19,601
Web 12" x 69" 34.50| 13,688 13,688
Bottom Flange 24.75(-35.19 -871.0 30,649 390 30,653
138" x 18"

75.25 -311.0 63,942

—4.13(311.0)= —1.284
T = 62,658 int

d, = —31:;0= -4.13in
dgsgr sreer = 35.50+ 4.13=39.63in, doorop sreer = 3588 - 4.13=31.75in.
SroporsTem =

eneral (Example)

40'-0" Roadway

1.6 20"

9 1/2" Slab
w/ 1/2" Integral
Wearing Surface ﬁ

F.W.S. at

25.0 psf _l

T

l

3 Spa at 12'-0" = 36"-0"

Table 4 Section 1-1: Long-term (3n = 24) Composite Section Properties

Component A d Ad Ad* I, 1

Steel Section 75.25 —311.0| 63,942

Concrete Slab9" x 114"/ 24| 42.75| 42.50 1,817] 77,217 288.6 77,506
118.0 1,506 141,448

—12.76(1,506)= 19,217
o, = 1222314
4, =25% 12 76,
1180
& oorerem = 35.50-1276 = 22 74in, daomorsrem = 35,88+ 1276 =48 64in
22 ) 222
Srcocesmem. = “ygiry. = 53750 Sporcesmee. = ey = 2513

Table 5 Section 1-1: Short-term (n = 8) Composite Section Properties

Component A d Ad Ad? 1. I
Steel Section 75.25 -311.0 63,942
Concrete Slab 9" x 114"/ 8| 128,25 42.50 5451 231,652 865.7 232,518
203.5 5,140 296,460
~25.26(5,140)=__ —129.836
Ia= 1666
doropsres: = 35.50- 2526 =10241n. pomopsresy = 35.88+ 25.26= 61.14in.
166,624 . 166,624 L
Sroporsmin, =g 5y =16272in. Sucrorsrm =g 13 = 2725
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Girder Flexure Design - Constructability

Obijectivec Perform Girder Flexure Design for
Constructability

Back to General Flow of Design Tasks

Click on:
10. Girder Flexure Desig@onstructability

GENERAL FLOW OF DESIGN TASKS

Listed below are the general Design Tasks associated with the typical flow of design of a routine
steel I-girder bridge superstructure. The list of Design Tasks is presented in roughly the typical
order that they occur in the superstructure design process. However. as noted below, some topics
apply to several Design Tasks. And, of course, the process of designing a bridge typically involves
some degree of iteration; the initial results of later Design Tasks may suggest that revising part of
the design which occurred earlier in the process might be beneficial When iterating through a
design in this manner, the designer is reminded that all steps of the design process should be
checked to see if the revision of one part of the design might affect other parts. Each task/fopic
below is hyperlinked to its associated Design Task Quick Links page.
General Flow of Design Tasks:

1. General Considerations

1. Deck Desizn

3. Resistance Factors and Load Modifiers

4. Load Combinations and Load Factors

5. Live Load Force Effects - Introduction

6. Live Load Force Effects - Flexure

7. Live Load Force Effects - Shear

8. Other Load Effects and Factors Affecting Load Effect Calculations

9. Girder Flexure Design — General

10. Girder Flexure Design — Constructibility

11. Girder Flexure Design — Service Limit State

12. Girder Flexure Design - Fatigue and Fracture Limit State
13. Girder Flexure Desizn — Strength Limit State
14. Girder Shear Design
15. Stiffener Design
16. Shear Connector Desizn
17. Splice Design
18. Cross-FrameDiaphragm Design
Topics Which May Apply to Several Design Tasks:
*  Bolted Comnection Design
*  Welded Connection Design

*  Connection Design — Miscellaneous Checks

NSBA Guide to Navigating Routine Steel Bridge Design / 15
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GIRDER FLEXURE DESIGN - CONSTRUCTIBILITY

Design Task Links Page

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion
Desizn girders for flexure with regards to constuenbility, considering the following:

*  Constructibility (6.10.3.1, 6.5.4.1), Flowchart (C6.4.1)

*  Flexure (6.10.3.2,6.10.1.8,6.10.1.9,6.10.1.10.1, 6.10.8.2, A6.3 3—optional)

*  Shear(6.10.33)

+  Deck placement (6.10 3 4)

* Dead load deflections (6.10.3 5)

*  Tension flanzes with holes (6.10.1.8)

Quick links to helpful indusiry design guidelines, references, and examples
For more explanation and examples of flexurs desizn with regards to constuctibility, ses:
*  The Reference Manual for NHI Cowrse 130081, Load and Resistance Factor Desizn (LRFD) for Hizhway
Bridze Superstructures

o Sections 1.3 (Limit States), 6.4.5.5 (Web Bend Buckling Resistance), 6.5.3 (LRFD Constructibility
Design), and 6.5.6 (LRFD Strength Limit State for Flexure)

* FHWA’s Steel Bridze Desizn Handbook

o Volume 10 - Limit States

o Volume 11 - Design for Constructability

= = < - ¥ -
B = 2 g c =l =
o

* The AASHTO-NSBA Steel Bridge Collaboration Guidehines
o G12.1.2020 Guidelines to Desien for Constructability and Fabrication
In addition, sanity check initiz] design results by comparing them to NSBA’s Span-to-Weisht Curves

Quick links to useful tools

MSEA's LRFD Simon line-irder analysis and design software. Simon is available for free download from the NSBA
website is also a valuable tool for the design of routine stesl I-girder bridges. It calculates the design loads and resulting
stresses, and the comresponding resistances in accordance with the provisions of the AASHTO LRFD BDS, including
the constructibility checks of Asticls 6.10.3, greatly reducing the time and effort required of the desigmer. Othar
commercial software packages with the ability fo analyze and design routine steel I-girder bridges are alzo availabls.

Users should verisy the i and general any program ions prirto initial

uze.
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GIRDER FLEXURE DESIGN - CONSTRUCTIBILITY

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion
Desizn girders for flexure with rezards to constmetibility, considaring the following:

*  Constuctibility (6.10.3.1, 6.5.4.1), Flowchart (C6.4.1)

* Flexure (6.10.3.2,6.10.1.8,6.10.1.9, 6.10.1.10.1, 6.10.8.2, A6.3 3—optional)

*  Shear(6.10.33)

*  Deck placement (6.10 3 4)

»  Dead load deflections (6.10.3.5)

* Tension flanges with holes (6.10.1.8)

ick links te helpful indnstry design guidelines, references, and examples

For more and examples of flexure design with regard: to constructibility, see:

GIRDER FLEXURE DESIGN - CONSTRUCTIBILITY

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion

Design girders for flexure with regards to constructibility. considering the following:

*  Constructibility (6.10.3.1. 6.5.4.1). Flowchart (C6.4.1)

*  Flexure (6.10.3.2. 6.10.1.8, 6.10.1.9. 6.10.1.10.1. 6.10.8.2. A6.3.3—optional)

e Shear (6.10.3.3)

*  Deck placement (6.10.3.4)

the constructibility checks of Arficle 6.10.3, greatly reducing the time and effort required of the desigmer. Other
commercial software packages with the ability to analyze and design routine steel I-girder bridges are also available. o Dead load deflections (6.10.3.5)

Users should veriy th o8 i d 1 of any program’s ions prior to initisl

use.

*  Tension flanges with holes (6.10.1.8)
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Determination and Discussion

Co6.4.1 Flowchart for LRFD Article 6.10.3

Determination of applicability, 477 Routine Steel I-girder Bridges: Applicable.

Discussion:

The flowchart provided in this Article is helpful to guide the Engineer through the provisions of
Article 6.10.3 dealing with the design for constructibility (see the Discussion of Article 6.10.3 in

this Guide). This flowchart is applicable to the routine steel I-girder bridges covered by this Guide
and is strongly recommended for use in conjunction with this Guide.

G{ONRBy3Ifte& NBO2YYSYRSR FT2NJ dzaSoPdd¢
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C6.4.1—Flowchart for LRFD |Article 6.10.3
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Shear Checks, 6.10.3.3



Girder Flexure Design - Constructability

©0ee Quick Links to Guidelines, References, & Exampl

GIRDER FLEXURE DESIGN — CONSTRUCTIBILITY

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion
Design girders for flexure with regards to constractibility, considering the following:

*  Constructibility (6.10.3.1, 6.5.4.1), Flowchart (C6.4.1)

® Flexwe (61032, 61018 61019, 6101101,61082 A63 3o al) - . - - . -
e Quick links to helpful industry design guidelines, references, and examples

*  Shear(6.103.3)

*  Deckplcement (5.10.3.4) For more explanation and examples of flexure design with regards to constructibility. see:

*  Dead load deflechions (6.10 3 5)

¢  The Reference Manual for NHI Course 130081. Load and Resistance Factor Design (LRFD) for Higshway
Quick links to helpful industry design guidelines, references, and examples Bridge Superstructures

For mare and examples of flexure design with regands to constructibilty, see: o Sections 1.3 (Limit States). 6.4.5.5 (Web Bend Buckling Resistance). 6.5.3 (LRFD Constructibility

*  The Refe M. 1 for NHI C 130081 Load and Resist F: Desizn (I RFD) for Highw:
e e s D Design). and 6.5.6 (LRFD Strength Limit State for Flexure)
ndese Superstructures (=
o Sections 1.3 (Limit States), 64.5.5 (Web Bend Buckling Resistance), 6.5.3 (LRFD Constructibility

Design), and 6.5 6 (LRFD Strength Limit State for Flexure) ¢ FHWA’s Steel Bridge Design Handbook

* FHWA’s Steel Bridze Design Handbook

*  Tension flanzes with holes (6.10.1 8)

o Volume 10 - Limit States

o Volume 10 - Limit States

o Vohme 11 - Desizn for Constructabulity o Volume 11 - Design for Constructability
o =; s 5 = z
o Desiz 24 Taro: 2 Stiaie i Gi o Design Example 1. Three-Span Continuous Straight Composite Steel I-Girder Bridge

*  The AASHTO-NSBA Steel Bridze Collsboration Guidelines o Design Example 2A. Two-Span Continuous Straight Composite Steel I-Girder Bridge

o G12.1-2020 Guidelines to Desien for Constructability and Fabrication

= 1 2 ‘0- “onti e \ it i o :
1 adiion, sy check sl dsiga sl by comparing hem o NSA"s SpantoWeight Carves o  Design Example 2B. Two-Span Continuous Straight Composite Steel Wide-Flange Beam Bridge

¢ The AASHTO-NSBA Steel Bridge Collaboration Guidelines

Quick links to useful rools ) . . . . .
o G12.1-2020 Guidelines to Design for Constructability and Fabrication

NSBA's LEFD Simon line girder analysis and design software. Simon is available for free download from the NSBA
website is also a vahuzbls tool for fhe desizn of routm steel I-girder bridges. It caleulate: the desizn loads and resultmg
streszez, and the comesponding resistances in accordance with the provisions of the AASHTO LRFD BDS, includmg In addition, sanity check initial design results by comparing them to NSBA’s Span-to-Weight Curves
o R ST e P (AT e T e e P e i it R (e (T
e e S e e T m e P e e s s e A e

Users should verify the and general of any program’s calculations prior to inifial

use.
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e FR———
S Depariment of Bormponasion Aprt 2007
Revised Mdy 2015
Quick links to helpful industry design guidelines, references, and examples NHI Courso No. 130081, 130081A, and 1300818
. . . o Load and Resistance Factor Design (LRFD)
For more explanation and examples of flexure design with regards to constructibility. see: for

Highway Bridge Superstructures

o The Reference Manual for NHI Course 130081, Load and Resistance Factor Design (LRFD) for Highway
Bridge Superstructures

o Sections 1.3 (Limit States). 6.4.5.5 (Web Bend Buckling Resistance). 6.5.3 (LRFD Constructibility
Design). and 6.5.6 (LRFD Strength Limit State for Flexure)

e TFHWA’s Steel Bridge Desien Handbook

o Volume 10 - Limit States

o Volume 11 - Design for Constructability | & rETT
o -~

o

o

e The AASHTO-NSBA Steel Bridge Collaboration Guidelines

o GI12.1-2020 Guidelines to Design for Constructability and Fabrication

In addition, sanity check initial design results by comparing them to NSBA’s Span-to-Weight Curves
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Girder Flexure Design - Constructability

Quick links to helpful industry design guidelines, references, and examples

For more explanation and examples of flexure design with regards to constructibility. see:

®  The Reference Manual for NHI Course 130081, Load and Resistance Factor Design (LRFD) for Highway y ey Ao
Bridge Superstructures w7
SMCZE SUPErsirnciures | 32T landbook

o Sections 1.3 (Limit States), 6.4.5.5 (Web Bend Buckling Resistance). 6.5.3 (LRFD Constructibility P SACe N Design Example 1:

Design). and 6.5.6 (LRFD Strength Limit State for Flexure) o ZhreE-SpansCOrllt:nw:s Séra(iighf
omposite Steel I-Girder Bridge

e TFHWA’s Steel Bridge Desien Handbook

o Volume 10 - Limit States

o Volume 11 - Design for Constructability

o Design Example 1. Three-Span Continuous Straight Composite Steel I-Girder Bridge

10.2. Exterior Girder Check: Section 1-1......
10.2.1. Constructibility (Article 6.10.3).....
10.2.1.1. Deck Placement Analysis ...
10.2.1.2. Deck Overhang Loads ........

e The AASHTO-NSBA Steel Bridge Collaboration Guidelines 10.2.1.3. Wind Loads..........coorreeernnen.
10.2.1.4. Flexure (Article 6.10.3.2) ...
10.2.1.4.1. Top Flange..........ccco....
10.2.1.4.1.1. Flange Tip Yielding ....
10.2.1.4.1.2. Local Buckling Resistance (Article 6.10.8.2.2) ..........cccocceeee.
10.2.1.4.1.3. Lateral Torsional Buckling Resistance (Article 6.10.8.2.3) ..

o GI12.1-2020 Guidelines to Design for Constructability and Fabrication

In addition, sanity check initial design results by comparing them to NSBA’s Span-to-Weight Curves

10.2.1.4.1.4. Web Bend-Buckling Resistance (Article 6.10.1.9).....
10.2.1.4.2. Bottom FIange ..o
10.2.1.5. Shear (Article 6.10.3.3)....ccocvrvcrenee
10.2.1.6. Concrete Deck (Article 6.10.3.2.4)....




Girder Flexure Design - Constructability

Quick links to helpful industry design guidelines, references, and examples

For more explanation and examples of flexure design with regards to constructibility. see:

o The Reference Manual for NHI Course 130081, Load and Resistance Factor Design (LRFD) for Highway
Bridge Superstructures

o Sections 1.3 (Limit States), 6.4.5.5 (Web Bend Buckling Resistance). 6.5.3 (LRFD Constructibility
Design). and 6.5.6 (LRFD Strength Limit State for Flexure)

* FHWA'’s Steel Bridge Design Handbook

o Volume 10 - Limit States

o Volume 11 - Design for Constructability

e The AASHTO-NSBA Steel Bridge Collaboration Guidelines

o GI12.1-2020 Guidelines to Design for Constructability and Fabrication

In addition, sanity check initial design results by comparing them to NSBA’s Span-to-Weight Curves




Girder Flexure Design - Constructability
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Girder Flexure Design - Constructability
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Girder Flexure Design I Constructability

Deck Placement Sequence

End Bearing

43-0"
40'-0" Roadway )
1-6" 2.0
9 1/2" Slab
w/ 1/2" Integral Z-E:NO-S- ’at
[\ Wearing Surface ﬁ -0 psi _l ﬂ
| S - % — ¢
‘2 &
©
3-6" | 3 Spa at 12'-0" = 36'-0" | .
t

Table 11 Moments from Deck-Placement Analysis

ql:. End Bearing ? Interior Pler € Interior Pler Q|
i 140-07 i 175-0" 1400 .
| ! |
100-0° 4040 | 420 910 420" 400° 10007 H
1 1
i H
i,
Construction
Joints

O - Indicates Deck Casting Sequence

Span 1 - Unfactored Dead-Load Moments (kip-ft)
Q 12 24 42 48 56 T2 84 96 100
04372507 341 353 352 296 208 T4 21
S|P Forms [EIP}I 1] 63 110 147 151 150 124 84 27 4
Cast 1 b] 870 1544 2189 2306 2387 2286 1983 1484 1275
Cast 2 0 168 336 589 673 -TB6 1010 1179 1347 1403
Cast3 o914 28 5O 57 BT B 101 115 120
Sum of Casts + SIP
Adter Cast 1 1] 933 1654 2336 2457 2537 2410 2067 1511 1279
After Cast 2 1] 765 1318 1747 1784 1731 1400 888 164 =124
After Cast 3 1] 779 1346 1797 1841 1818 1486 989 279 e
Max. + M o] 933 1654 2336 2457 2537 2410 2067 1511 1279
DC, + DW 1] 275 447 643 661 B5T 551 386 148 52
Deck, hauches, SIP o] 786 1360 1822 1870 1850 1528 1038 335 53




Girder Flexure Design i Constructablllty

ALocal Buckling Resistance, 6.10.8.2.2

A Positive Moment

For STRENGTH [:

For STRENGTH I11:

1
i +§fi 5¢f[Fn¢ )|-'|_]3

1 14.83
fpu + 317 = |- 27.41| ksi + — ksi=3235ksi

0 (Foc )y s =1.0(50.0) = 50.0 ksi

32.35 ksi<50.0ksi ok
(Ratio = 0.647)

|
fou + Efr < g (Fie )FLB
f., +%f.- =|—3.34|k51+%k5i=6.5? ksi

5 (Fac ) g = 1.0(50.0) = 50.0 ksi
6.57ksi < 50.0ksi
(Ratio = 0.131)

10"

oadwa
91
w/ gral stgs ’at
We: Surface —] -0 ps _l ﬂ
e - t S — e T
&
o)
" | 3 Spa at 12'-0" = 36-0 | a6
! t




Girder Flexure Design i Constructablllty

ALateral Torsional Buckling Resistance, 6.10.8. 2

A Positive Moment

For STRENGTH I:

For STRENGTH III:

|
fou + Sff < ¢¢(Fac) 1B

1 14.83
fou + 317 = |- 27.41| ksi + 7 ksi=3235 ksi
¢ (Foe ) 7 =1.0(38.75) = 38.75 ksi
32.35 ksi<38.75ksi ok
(Ratio = 0.835)

|
fou + gff < é¢(Fac)LTB

! 9.70
fou 37, =3 34| ksi + = ksi=6.57 ki

or (Fac ) 7 = 1-0(38.75) = 38.75 ksi

6.57ks1 < 38.75ksi
(Ratio = 0.170)

Roadway
9 1/2"
W/ 1/2" Integral Zg"’ds ’a‘
[\ Weal Surface —] -0 ps ﬂ
L ‘ t C—
&
o
e | o2 at 120" = 360" | e
} }
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Splice Design

Obijectivec Perform Girder Field Splice Design

Back to General Flow of Design Tasks

Click on:
17. Splice Design

©0ee

GENERAL FLOW OF DESIGN TASKS

Listed below are the general Design Tasks associated with the typical flow of design of a routine
steel I-girder bridge superstructure. The list of Design Tasks is presented in roughly the typical
order that they occur in the superstructure design process. However. as noted below, some topics
apply to several Design Tasks. And, of course, the process of designing a bridge typically involves
some degree of iteration; the initial results of later Design Tasks may suggest that revising part of
the design which occurred earlier in the process might be beneficial When iterating through a
design in this manner, the designer is reminded that all steps of the design process should be
checked to see if the revision of one part of the design might affect other parts. Each task/fopic
below is hyperlinked to its associated Design Task Quick Links page.

General Flow of Design Tasks:

1. General Considerations

Deck Design
3. Resistance Factors and Load Modifiers
4. Load Combinations and Load Factars
5. Live Load Force Effects - Infroduction
6. Live Load Force Effscts - Flexure
7. Live Load Force Effects - Shear
8. Other Load Effects and Factors Affecting Load Effect Calculations
S, Girder Flexure Desizn — General
10. Girder Flexure Design — Constructibility
11. Girder Flexure Design - Service Limit State
12. Girder Flexure Design - Fatigue and Fracture Limit State
13. Girder Flexure Desizn — Strength Limit State
14. Girder Shear Design
15. Stiffener Design
16. Shear Connector Desizn
17. Splice Design
18. Cross-FrameDiaphragm Design
Topics Which May Apply to Several Design Tasks:
*  Bolted Comnection Design
*  Welded Connection Design

*  Connection Design — Miscellaneous Checks

NSBA Guide to Navigating Routine Steel Bridge Design / 15




Splice Design

Design Task Links Page | ==

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion
Design field splices (if present), considering the following:
®  Bolted field splices of flexural members
o General considerations (6.13.6.1.3a)
= Flange splices (6.13.6.1.3k)
o Wab splices (6.13.6.1.3¢)
o Welded splices (6.13.6.2)
*  Minimum thickness requirements (6 7 3)
Determine flange sizes and locations of welded shop splices, considering the following:
*  Welded splices (6.13.6.2)

*  Miimun thickness requirements (6.7.3)

Quick links to helpful industry design guidelines, references, and examples
For more explanation and examples of field splice desizn, see:

®  The Reference Manual for NHI Course 130081, Load and Resistance Factor Desien ) for Hichwa
Bridse Superstructures

o Sections 6.6.5 (Splices), especially 6.6.5.2 (Flexural Members) (NOTE: The explanations in these
references are written in the context of the bolted field splice provisions prior to publication of the
8% Edition of the AASHTO LRED BDS and are thus out of date).

* The AASHTO-NSBA Steel Bndge Cx ion Guidelines G121-2020 Guidelines to Desizn for
Constructability and Fabrication

o Section 1.5.3 (Flange Plate Width) and Table 1 524, Section 2.2.1 (Field Connections)

® NSBA's Bolted Field Splices for Steel Bridge Flexural Members — Overview and Desizn Examples

Quick links to useful toals

The NSBA Splice Microzoft Excel-bazed bolted field splice design spreadshest is available for free download from
the NSBA website is also a valuable tool for the design of routine steel I-girder bridges. It performs the design of a bolted.
field splice for a stesl I-girder in accordance with the provisions of Article 6.13.6.1.3, greatly reducing the time and effort
required of the desigrer. Other commercial software packages with the ability to design bolted field splices are also
available.

Users should verify th and general of any program’s ealeulations prior to inifial

use.

NSBA Guide to Navigating Routine Steel Bridge Design / 37




Splice Design

SPLICE DESIGN

Qnick links to applicable AASHTO LRFD BDS provisions, with Discuission
Desizn field splices (if present), considering the followinz:
*  Bolted fiald splices of flaxural members
o General considerations (6.13 6.1 33)
o Flange sphices (6.13.6.1.3b)
o Web splices (6.13.6.1.3¢)
*  Welded splices (6.13.6.2)
*  Minimum thickness requirements (6.7.3)
Determine flange sizes and locations of welded shop splices, considering the following:
*  Welded splices (6.13.6.2)

*  Minimum thickness requirements (6.7.5)

links to helpful indnsiry design guidelines, references, and examples
For more tion and examples of field splice desigx, see

* The Reference Manual for NHI Course 130081, Load and Resistance Factor Design (LRFD) for Highway

Bridee Superstr =

o Sections 6.6.5 (Splices), especially 6.6.5.2 (Flexural Members) (NOTE: The explanations in these
the context of the bolted fisld splice provision: prior to publication of the

BDS and are thus out of date).

references are wrn
8" Edition of the AAS!

* The AASHTO-NSBA Steel Bndgze C
Constructability and Fabrica

Guidelines G12.1-2000 Guideline: to Desizn for

o Section 1.5.3 (Flange Plate Width) and Table 152 A, Section 2.2.1 (Field Connections)

= NSBA's Bolted Field Splices for Steel Bridze Flexural Member3 Overview and Desizn Examples

Quick links te useful tools

The NSBA Splice Microsoft Excel-based bolted field splice design spreadsheet is availablefor free download from

required of the designer. Other commercial soffware packages with the ability to design bolted field splice
available.

Users should verify the capabi ions, and genersl of any program's

NSBA Guide to Navigating Routine Steel Bridge Design / 37

SPLICE DESIGN

Quick links to applicable AASHTO LRFD BDS provisions, with Discussion
Design field splices (if present). considering the following:
+ Bolted field splices of flexural members
o  General considerations (6.13.6.1.3a)
o Flange splices (6.13.6.1.3b)
o  Web splices (6.13.6.1.3¢)
¢  Welded splices (6.13.6.2)
¢  Minimum thickness requirements (6.7.3)
Determine flange sizes and locations of welded shop splices. considering the following:
¢  Welded splices (6.13.6.2)

¢ Minimum thickness requirements (6.7.3)




Splice Design

Determination and Discussion

613613 Flaxural Members

6.13.6.1.3a  General

Determination of applicability. il Routine Steel I-girder Bridges: Applicable. General partS Of a Spllce:

ATop flange splice plates

Discussion:

A splice 1s defined as a group of bolted connections (or a welded connection) sufficient to transfer Aweb Spl Ice plates

the moment, shear, axial force or torque between two structural elements joined at their ends to ABOttom ﬂange Splice plateS
form a single, longer element. Bolted splices are typically used to connect member sections .

together in the field; hence, the term “field splice™ is often used. The provisions of this Artic AFI”GI’ plateS

cover general provisions for the design of bolted field splices for members subject to flexure,
hence, are applicable to the routine steel I-girder bridges covered by this Guide.

Bolted beam or girder field splices generally include top flange splice plates, web splice plates and Flange Spl ICesS:

bottom flange splice plates. In addition, if the plate thicknesses on one side of the joint are different :

than those on the other side, filler plates are used to match the thicknesses within the splice (see Al plate on OUtSIde Of ﬂangeS

the Discussion of Article 6.13.6.1 4 in this Guide). For the flange splice plates. there is typically AZ smaller p|ates on inside of ﬂange

one plate on the outside of the flange and two smaller plates on the inside of the flange; one on
each side of the web. For the web splice plates, there are two plates; one on each side of the web.,

with at least two rows of high-strength bolts over the depth of the web used to connect the splice W b I .
plates to the member. e Sp Ice:
As required by Articles 6.13.6.1.3b and 6.13.6.1.3c. bolted flange and web splice connections are ATwo plates, one each side of web

designed at a mininmm for 100 percent of the individual design resistances of the flange and web;
that 1s, the individual flange splices are designed for the smaller design yield resistance of the
corresponding flanges on either side of the splice (see the Discussion of Article 6.13.6.1.3b in this
Guide), and the web splice is designed for the smaller factored shear resistance of the web on either




Splice Design

Determination and Discussion

613613 Flaxural Members

6.13.6.1.3a  General

Determination of applicability. AIl Routine Steel I-girder Bridges: Applicable. Minim um DeSIQ n fO rces.

Discussion:

A splice 15 defined as a group of bolted connections (or a welded connection) sufficient to transfer BOIted ﬂange and Web Splices are deSigned for

the moment, shear, axial force or torque between two structural elements joined at their ends to minimum of 100 percent Of the indiViduaI deSigl
form a single, longer element. Bolted splices are typically used to connect member sections .
resistances

together in the field; hence. the term “field splice™ 1s often used. The provisions of this Artficl
cover general provisions for the design of bolted field splices for members subject to flexure,
hence, are applicable to the routine steel I-girder bridges covered by this Guide.
Bolted beam or girder field splices generally include top flange splice plates, web splice pldtes and Flange Sp“Ce: smaller deS|gn yleld resistance o
bottom flange splice plates. In addition, if the plate thicknesses on one side of the joint : : :

than those on the other side. filler plates are used to match the thicknesses within ﬂange on elther Slde Of the Spllce'
the Discussion of Article 6.13.6.1 4 in this Guide). For the flange splice plates.
one plate on the outside of the flange and two smaller plates on the inside of t
each side of the web. For the web splice plates, there are two plates; one on
with at least two rows of high-strength bolts over the depth of the web use
plates to the member.

splice (see
is typically
flange; one on . )
side of the web, Web splice: smaller factored shear resistance o

the spli i ' '
o connect fhe splice web on either side of the splice

As required by Articles 6.13.6.1.3b and 6.13.6.1 3c. bolted flange and web splice connections are
designed at a muininmm for 100 percent of the individual design resistances of the flange and web;
that 1s, the individual flange splices are designed for the smaller design yield resistance of the
corresponding flanges on either side of the splice (see the Discussion of Article 6.13.6.1.3b in this
Guide), and the web splice is designed for the smaller factored shear resistance of the web on either




Splice Design

©0e® Quick Links to Guidelines, References, & Exampl

SPLICE DESIGN

Quick links to applicable AASHTO LRFD BDS provisions, with Discrission
Desizn field splices (if present), considering the followinz:
*  Bolted fiald splices of flaxural members
o General considerations (6.13 6.1 33)
o Flange sphices (6.13.6.1.3b)
o Web splices (6.13.6.1.3¢)

*  Welded splicas (6.13.6.2)

*  Minimum thickness requirements (6.7.5)

Quiick links to helpful industry design guidelines, references, and examples

Determine flange sizes and locations of welded shop splices, considering the following:

+ Welded splicas (6.13.6.2)

For more explanation and examples of field splice design. see:
*  Minimum thickness requirsments (6.7.3)

Quick links to helpful industry design guidelines, references, and examples o  The Reference Manual for NHI Course 130081, Load and Resistance Factor Design (LRFD) for Highway

For more explanation and examples of field splice design, see T e ST T RS

* The Reference Manual for NHI Course 130081, Load and Resistance Factor Design (LRFD) for Highway
Bridee Superstructures

o Sections 6.6.5 (Splices). especially 6.6.5.2 (Flexural Members) (NOTE: The explanations in these

o Sections 6.6.5 (Splices), especially 6.6.5.2 (Flexural Members) (NOTE: The explanations in these
refarences are wnften in the context of the bolted field splice provizions prior to publication of the references are written in the context of the bolted field splice provisions prior to publication of the
8" Edition of the AASHTO LRFD BDS and are thus out of date).
8t Edition of the AASHTO LRFD BDS and are thus out of date).

* The AASHTO-NSBA Steel Bndge Collaboration Guidelines G12.1.2020 Guidelines to Desien for
Constructability and Fabrication

o Section 1.53 (Flangs Plate Width) and Table 1.5.2.4, Section 2.2.1 (Field Comnsctions) e The AASHTO-NSBA Steel Bridge Collaboration Guidelines G12.1-2020 Guidelines to Design for

= NSBA's Bolted Field Splices for Steel Bridze Flexural Members — Overview and Desizn Examples COIlSI’l‘LlC tabiliw an d Fﬂbl‘iCEll’iOIl

Quick links te nseful tools
T I St P e P 0 e T e e o o oo o Section 1.5.3 (Flange Plate Width) and Table 1.5.2.A. Section 2.2.1 (Field Connections)
the NSBA website is also 2 vahuable tool for the desizn of routine steel I-zirder bridzes. It performs the desizn of a bolted
field splice for a steel I-girder in accordance with the provisions of Article 6 13.6.1 3, greatly reducing the time and effort
required of the designer. Other commercial software packages with the ability to desizn bolted field splices are also
available.

* NSBA’s Bolted Field Splices for Steel Bridge Flexural Members — Overview and Design Examples

erify the i ions, and general of any program’s. prior fo initial

NSBA Guide to Navigating Routine Steel Bridge Design/ 37




Splice Design

Quick links to helpful industry design guidelines, references, and examples
For more explanation and examples of field splice design, see:

e The Reference Manual for NHI Course 130081, Load and Resistance Factor Design (LRFD) for Highway
Bridge Superstructures

0  Sections 6.6.5 (Splices), especially 6.6.5.2 (Flexural Members) (NOTE: The explanations in these
references are written in the context of the bolted field splice provisions prior to publication of the
8t Edition of the AASHTO LRFD BDS and are thus out of date).

e The AASHTO-NSBA Steel Bridge Collaboration Guidelines G12.1-2020 Guidelines to Design for

Constructability and Fabrication

o Section 1.5.3 (Flange Plate Width) and Table 1.5.2.A, Section 2.2.1 (Field Connections)

¢ NSBA’s Bolted Field Splices for Steel Bridge Flexural Members — Overview and Design Examples

Bolted Field Splices
for Steel Bridge
Flexural Members

Overview and Design Examples




Splice Design

Bolted Field Splices
for Steel Bndgbe .
Flexural Membe

Examples
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Splice Design

GIRDER FLEXURE DESIGN - CONSTRUCTIBILITY

Quick links to applicable AASHTO LRFID BDS provisions, with Discussion
Desizn girders for flexure with rezards to constmetibility, considaring the following:

*  Constuctibility (6.10.3.1, 6.5.4.1), Flowchart (C6.4.1)

* Flexure (6.10.3.2,6.10.1.8,6.10.1.9, 6.10.1.10.1, 6.10.8.2, A6.3 3—optional)

*  Shear(6.10.33)

*  Deck placement (6.10 3 4)

»  Dead load deflections (6.10.3.5)

* Tension flanges with holes (6.10.1.8)

Quick links to helpful industry design guidelines, references, and examples

For more and examples of £ a with regard: to constructibility, sse:

*  The Reference Manual for NFIT Cousse 130081, Losd and Resictance Factor Desien (LRFD) for Highway Qu;'ck links to useﬁ;l tools
Brdze Superstructures

o Sections 1.3 (Limit States), 6.4.5.5 (Web Bend Buckling Resistance). 6.3.3 (LRFD Constrifctibility

D e LD s Lot s The NSBA Splice Microsoft Excel-based bolted field splice design spreadsheet is available for free download from

* FHWA’s Steel Bridze Desizn Handbook

the NSBA website is also a valuable tool for the design of routine steel I-girder bridges. It performs the design of a bolted

o Volume 10 - Limit States

7 ke ll-Denan s Commuchii field splice for a steel I-girder in accordance with the provisions of Article 6.13.6.1.3. greatly reducing the time and effort
o Decizn Example 1 Three-Spap Conil z gnpociie Steel I-Curder Bride:
T PG S e e required of the designer. Other commercial software packages with the ability to design bolted field splices are also
. sl Bxaats 33, Pa-uen onfiniona Sk o e available.
565, ity check iniial design sesults by compaing them to NSBA's Spas-to- Weisht Curves Users should verify the capabilities. assumptions. and general correctness of any program’s calculations prior to initial
use.

Quick links to useful tools

NSBA' LRFD Simop line-girder analysis md desizn software. Simon i available for free download from the NSBA
wabsite is also a valuable tool for the dasign of routine steel I-girder bridges. It calculates the design loads and resulting
stiesses, and the comesponding resistances in accordance with the provisions of the AASHTO LRFD BDS, including
the constructibility checks of Aricle 6.10.3, greatly raducing the time and effort required of the desigmer. Other
commercial software package: with the ability to analyze and design routine stesl I-girder bridges are also available.

Users should veriy th o8 i d 1 of any program’s ions prior to initisl
e
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