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IDM – Part 4, Chapter 403, Load Analysis & Application

403-4.0 CONSTRUCTION LOADINGS

403-4.01 General Requirements

403-4.02 Application of Construction Loading

1. Component Loads, DC

2. Construction Dead Loads, CDL

3. Construction Live Loads, CLL

4. Wind Load, WS
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IDM – Part 4, Chapter 403, Load Analysis & Application
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Construction Loads 

Loads during construction are:

DC = Dead Load from Bridge 
Members, Formwork, Deck, etc.

DC1 – Concrete = 150 lbs/ft3

DC2 – Stay-in-place Formwork  = 15 psf

DW = N/A for Non-Composite Construction

CDL = Construction Equipment loads such as screed rails, 
overhang forms, temp railing, walkway

CDL1 – Removable Coping Deck Forms = 15 psf

CDL2 – Temporary Walkway = 15 psf – applied over a 2’-0” wide 
platform on outside of coping 5
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Construction Loads 

Loads during construction are:

CLL = Construction Live Load such 
as Screed Machine and Workers

CLL1 – Construction Live Load = 20 psf extended the entire bridge 
width plus two feet outside of bridge coping over 30 feet 
longitudinal length centered on Screed Machine Load

CLL2 –Screed Machine = 4500 lbs over 10 feet longitudinal lengthCLL2 –Screed Machine = 4500 lbs over 10 feet longitudinal length 
applied 6 in outside of bridge coping.

CLL3 – Vertical Railing and Walkway Load = 75 plf applied 6 in 
outside of bridge coping over 30 feet longitudinal length centered 
on Screed Machine Load
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Construction Loads 

Loads during construction are:

WS = Wind Load on exposed height of the Structure (negligible 
for interior girders)

WS - Calculated per AASHTO 3.8.1.1 (use 70 mph per AASHTO 
Temporary works manual Fig 2.1)

WCEL = Wind Load on screed machine (negligible)
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IDM – Part 4, Chapter 403, Load Analysis & Application
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IDM – Part 4, Chapter 403, Load Analysis & Application
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Load Factors 

[AASHTO 3.4.2.1 and 3.4.2.2] - Load Combinations

STRENGTH I - 1.25*(DC + DW) + 1.5*(CDL + CLL)

STRENGTH III - 1.25*(DC + DW) + 1.5*(CDL) + 1.25(WS)

STRENGTH IV - 1.5*(DC + DW) + 1.5*(CDL)

STRENGTH V - 1.25*(DC+DW)+1.5*(CDL)+1.35*(CLL)+0.4*(WS)

SERVICE I - 1.0*(DC+DW)+1.0*(CDL)+1.0*(CLL) +0.3*(WS) 

SERVICE II - 1.0*(DC+DW)+1.0*(CDL)+1.3*(CLL)
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IDM – Part 4, Chapter 407, Structural Steel

407-6.0 I-SECTIONS IN FLEXURE

407-6.07 Constructability

LRFD 6.10.3 and its commentary provide additional information 
regarding constructability of a steel I-girder bridge.

See Chapter 403 for additional guidance for construction 
loading.
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IDM – Part 4, Chapter 407, Structural Steel

407-8.0 CONNECTIONS AND SPLICES

407-8.01 Bolted Connections

2. Design.   A bolted connection should be designed as slip-
critical at the Service II Limit state and for construction 
loading, except for secondary bracing

407-8.03 Splices

7. Design.   A bolted splice shall be slip-critical under Service II 
and construction loads and shall be designed in accordance 
with LRFD 6.13.2.2 for the Strength Limit state.
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Limit States

Seven Limit State Checks

1 - Yielding Limit State Check (6.10.3.2.1-1)

2 - Lateral Torsional Buckling (6.10.3.2.1-2)
and Flange Local Buckling Check

3 - Web Bend Buckling Check (6.10.3.2.1-3)

4 - Flange Lateral Bending Check (6.10.1.6-1)

5 - Discretely Braced Flange in Tension Check (6.10.3.2.2-1)
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Limit States

6 - Lateral Girder Rotation Check (Service I)
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Limit States

7 - Slip Critical Bolt Check (Service II)
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Design Example - Steel Beam Bridge

Bridge Geometry
 Three Spans @ 66’ – 86’ – 66’p @
 Skew  = 10 degrees

Bridge Typical Section
 Clear Roadway = 28’-0”
 Beam Spacing = 3 @ 8’-3”
 Slab = 8”
 Overhang = 1’-10 ½”

16

Beam Details
W 36x135 (Positive Moment Regions)
W 36x194 (Negative Moment Regions)
 Grade 50W Steel
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Bridge Typical Section
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Bridge Framing Plan
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Bridge Beam Elevation
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Deck Pour Sequencing
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Final Design Computations

21

Construction Loading ExampleConstruction Loading Example

Determine Controlling Strength Limit State

Construction Load Code Checks, Interior Beams

 Run Continuous Beam Analysis Program

 Investigate all 5 Pours

 Run for Strength I and IV

 By Inspection Strength III and V will not control, No wind on 
interior

 Determine which Pour and Strength Combination Controls
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AASHTO Code Checks

Construction Load Code Checks, Interior Beams

 Follow AASHTO Figure          
C 6.4.1-1 flow chart

 Utilize Merlin-Dash 
Program for Code Checks

 Merlin-Dash Performs 
most code checks for 
St th I lStrength I only

 Modify Input Loads for 
code checks for Strength 
IV

23

Construction Loading ExampleConstruction Loading Example

Input - Construction Loading

Construction Load Code Checks, Interior Beams
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Applied Construction Loading

Construction Load Code Checks, Interior Beams
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Construction Load Code Checks, Interior Beams

Applied Construction Loading
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Construction Load Code Checks, Interior Beams

Applied Construction Loading
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Dead Load Deflections

Construction Load Code Checks, Interior Beams

 AASHTO 6.10.3.5

 AASHTO Guide Specifications for Temporary Works

 Section 2.3.5 - Deflection for Falsework Members

Deflection <= L / 240 for Concrete DL only 

U M li D h t h k d fl ti f h P (1 5) Use Merlin-Dash to check deflection for each Pour (1-5)

 Verify No Uplift
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Dead Load Deflections

Construction Load Code Checks, Interior Beams
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Deck – Slab Tension Check

Construction Load Code Checks, Interior Beams

 AASHTO 6.10.3.2.4

 Use Continuous Beam Analysis to determine max negative 
moments

 Strength IV Construction Loading controls

 Modify Merlin-Dash loads, program outputs service stresses
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Deck – Slab Tension Check

Construction Load Code Checks, Interior Beams
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Service II Loading for Slip Critical Checks

Construction Load Code Checks, Interior Beams
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Determine Controlling Strength Limit State

Construction Load Code Checks, Exterior Beams

 Run Continuous Beam Analysis Program

 Investigate all 5 Pours to determine controlling loads

 Run all load cases with modified loads in Merlin-Dash to get 
moments 

 Pour 2 and 5 control

 Example calculations shown for Pour 2 Strength V loading
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Input for Construction Loading

Construction Load Code Checks, Exterior Beams
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Deck Pour Sequencing
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Bridge Framing Plan
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Steel Beam Elevation
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Applied Construction Loading

Construction Load Code Checks, Exterior Beams
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Construction Load Code Checks, Exterior Beams

Applied Construction Loading – Strength V
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Input Properties

Construction Load Code Checks, Exterior Beams
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Input from Merlin-Dash

Construction Load Code Checks, Exterior Beams
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Beam Properties

Construction Load Code Checks, Exterior Beams
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Flange Compressive Stress – fbu

Construction Load Code Checks, Exterior Beams
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First-order versus Second-order analysis

Construction Load Code Checks, Exterior Beams
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Construction Load Code Checks, Exterior Beams

First-order versus Second-order analysis
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Construction Load Code Checks, Exterior Beams

First-order versus Second-order analysis
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Construction Load Code Checks, Exterior Beams

First-order versus Second-order analysis
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First-order versus Second-order analysis

Construction Load Code Checks, Exterior Beams

Amplification Factor

48

July 24, 2012 Construction Loading Example for Steel Beam Bridge



25

Construction Loading ExampleConstruction Loading Example

Construction Load Code Checks, Exterior Beams

First-order versus Second-order analysis

Amplification Factor
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Flange Lateral Bending Stress – fl

Construction Load Code Checks, Exterior Beams
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Construction Load Code Checks, Exterior Beams

Flange Lateral Bending Stress – fl
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Construction Load Code Checks, Exterior Beams

Flange Lateral Bending Stress – fl
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Construction Load Code Checks, Exterior Beams

Flange Lateral Bending Stress – fl
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Construction Load Code Checks, Exterior Beams

Flange Lateral Bending Stress – fl
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Construction Load Code Checks, Exterior Beams

Flange Lateral Bending Stress – fl
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Construction Load Code Checks, Exterior Beams

Flange Lateral Bending Stress – fl
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Construction Load Code Checks, Exterior Beams

Flange Lateral Bending Stress – fl
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[6.10.3.2.1] Check Flange Nominal Yielding

Construction Load Code Checks, Exterior Beams
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Construction Load Code Checks, Exterior Beams

[6.10.3.2.1] Check Flexural Resistance
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Construction Load Code Checks, Exterior Beams

[6.10.3.2.1] Check Flexural Resistance
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Construction Load Code Checks, Exterior Beams

[6.10.3.2.1] Check Web Bend Buckling
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Construction Load Code Checks, Exterior Beams

[6.10.3.2.2] Check Tension Flange Nominal Yielding
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Construction Load Code Checks, Exterior Beams

Additional Checks Required

[6.10.1.8] Check sections with holes in 
tension flanges

[6.10.3.2.4] Check longitudinal stresses in 
concrete deck

(6.10.3.3-1) Check shear in beams
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Serviceability for Rotation Checks, Exterior Beams

Lateral Girder Rotation Check (Service I)

Check ensures while the deck is being sequentially poured, 
the exterior beam does not rotate, resulting in excessive 
overhang deflections.  

The eccentric loads should be applied to the exterior beam to 
determine the amount of torsion each load causes.  

Using the torsion, the horizontal forces in the top flange 
( i d fl ti t d) d b tt fl ( i(causing deflection outward) and bottom flange (causing 
deflection inward) should be calculated. 

Each flange is analyzed as a continuous beam over supports, 
where the supports are the diaphragms.  
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Serviceability for Rotation Checks, Exterior Beams

Lateral Girder Rotation Check (Service I)

The loads are applied to match the deck pour sequence, most 
likely with the concrete and screed machine starting on one 
end, with the other end virtually unloaded.  

After the analysis, the inward deflection of the bottom flange 
and outward deflection of the top flange should be used to 
determine the rotation of the beam. 

This rotation is directly related to

65

This rotation is directly related to 
the rotation of the coping as shown 
in IDM Figure 403-4D.  

BLN limits the maximum delta of the 
coping to 0.20 inches. 

Construction Loading ExampleConstruction Loading Example

ANY QUESTIONS?

Presented By: Michael L. McCool, Jr., PE
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