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Purpose

Evaluate the critical rating factor of  a curved, simple-span plate girder bridge using mBrace3D, under the following 

assumptions:

1. Consider the default HL-93 notional live load model

2. Check two limit states only: principal moment at mid-span and vertical shear at the abutments

3. Consider the AASHTO Strength I load combination only

Note: The above assumptions are used for simplicity – in particular, any truck load can be modelled in mBrace3D.
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mBrace3D model

• Webs, flanges and stiffeners modelled with shell elements

• X-frames and K-frames modelled with bar elements

• Note: This model is generated parametrically (no drawing involved)

• R = 426-ft.

• L ~ 150-ft.



Rating factor

Source: Steel Bridge Design Handbook – Load Rating of  Steel Bridges, D. Mertz and K. Oliver, 2022, available at: 

https://www.aisc.org/globalassets/nsba/design-resources/steel-bridge-design-handbook/b918_sbdh_chapter18.pdf

Rating factor

Capacity
Dead load effect due to structural 

components and attachments

Dead load effect due to 

wearing load and utilities

Live load effect, including 

dynamic allowance

-> Create 3 models: 1 for DC (non-composite), 1 for DW (composite, 3n), 1 for LL+IM (composite, n)

https://www.aisc.org/globalassets/nsba/design-resources/steel-bridge-design-handbook/b918_sbdh_chapter18.pdf


Limit states

1. Moment at mid-span:

AASHTO Article 6.10.6.2.2: 

Composite sections in all horizontally curved girder systems are to be treated as non-compact sections at the strength limit state

-> Check stresses in the top flange (compression, fbu) and the bottom flange (tension, fbu + 1/3fl)

-> fbu obtained from M/S, where S is the elastic section modulus; fl obtained directly from the shell model1

2. Shear at the abutment

V obtained by integration of  the vertical shear stresses directly within mBrace3D

1: fbu could also be obtained directly from the shell model, but the more conventional M/S method is followed here



Non-composite model (DC)

Linear elastic deflections

(Concrete deck modelled explicitly)

Moment diagram

(Stresses are integrated automatically within mBrace3D)



Non-composite model (DC)

Shear diagram

(Stresses are integrated automatically within mBrace3D)

Principal vs. lateral bending stress diagram



Composite model (DW)

Applied loads

(Assume 30 psf  wearing surface and 0.5 kip/ft barrier line load)

Linear elastic deflections

(Shear and moment derived automatically, as for DC)

Assume f ’c = 5 ksi, Ec = 1,417 ksi (3n)



Composite model (LL+IM) – Parameters

Assume f ’c = 5 ksi, Ec = 4,250 ksi (n)

Request 8 influence surfaces (2 for each girder):

1. Shear at the first abutment (4 influence surfaces)

2. Composite moment at mid-span (4 influence surfaces)

Run a VLO (Vehicle Load Optimization) analysis using the following parameters:

• Dynamic impact factor: 1.33

• Two design lanes (with the relevant multiple presence factors)

• One truck model (standard HL-93 notional live load model)

• 0.64 kip/ft design lane load

• 1-ft. live load increment in both the longitudinal and transverse directions



Composite model (LL+IM), Girder 1

Influence surface for the shear at the first abutment, Girder 1

Vmax = 141 kips

Influence surface for the composite moment at mid-span, Girder 1

Mmax = 58,110 kips-in



Composite model (LL+IM), Girder 2

Influence surface for the shear at the first abutment, Girder 2

Vmax = 122 kips

Influence surface for the composite moment at mid-span, Girder 2

Mmax = 44,634 kips-in



Composite model (LL+IM), Girder 3

Influence surface for the shear at the first abutment, Girder 3

Vmax = 94 kips

Influence surface for the composite moment at mid-span, Girder 3

Mmax = 26,413 kips-in



Composite model (LL+IM), Girder 4

Influence surface for the shear at the first abutment, Girder 4

Vmax = 99 kips

Influence surface for the composite moment at mid-span, Girder 4

Mmax = 24,807 kips-in



Rating factor calculation, Girder 1 (1/4)



Rating factor calculation, Girder 1 (2/4)



Rating factor calculation, Girder 1 (3/4)



Rating factor calculation, Girder 1 (4/4)



Results summary, all girders



Concluding remarks

1. mBrace3D allows for parametric generation of  3D shell models, which are the most refined analysis method for curved steel bridges, as 

stated in NCHRP Report 725 and other design guides.

2. For the purpose of  load rating, three models shall be defined: one for the non-composite system (DC), one for the superimposed dead 

loads on the composite system (DW , 3n), and one for the live loads on the composite system (LL+IM, n).

3. mBrace3D can automatically calculate the principal and lateral bending stresses, as well as the shear and composite moment; these 

quantities are then used to compute the rating factors for specific truck models and load combinations.

4. A curved, simple-span plate girder bridge taken from the NCHRP Report 725 was modelled in mBrace3D (both for the DC, DW and 

LL+IM conditions); influence surfaces for the moment at mid-span and the shear at the abutments were presented, together with the 

calculation of  the corresponding load rating factors.

5. The complexity of  the influence surface calculations is O(n3) – where n is the number of  nodes representing the concrete deck – and 

can therefore become quite time-consuming for large models, for which a coarse mesh is required to keep running times reasonable.
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