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3DFEM3 — Curved Steel 3D Example
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3DFEM3 — Curved Steel 3D Example
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3DFEM3 — Curved Steel 3D Example

Topics Covered

e 3D analysis of a three span curved steel rolled beam bridge
e Diaphragm definitions

e 3D analysis settings

e 3D model

This example describes entering a curved steel rolled beam structure in BrDR and performing a 3D FEM analysis.

3D analysis of a three span curved steel rolled beam bridge

From the Bridge Explorer, import the 3DFEM3-Curved-Steel- 3D-Example.xml file provided with this tutorial

into BrDR. This bridge is the I-Girder design example presented in the appendix of the AASHTO Guide Specifications
for Horizontally Curved Steel Girder Highway Bridges, 2003.

The partially expanded Bridge Workspace (BWS) tree is shown below.

Workspace — 0O X

Bridge Companents

= M LFD Curved Guide Spect
- [ Companents
= |2 Diaphragm Definitions
- 2% X Frame
----- =5 K Frame
- [ Lateral Bracing Definitions
- MFFLRFD Multiple Presence Factors
© E& Environmental Conditions
~ DF Design Parameters
Bl &) SUPERSTRUCTURE DEFINITIONS
= b Sample
- j Impact/Dynamic Load Allowance
- 2t Load Case Description
~ £ Framing Plan Detail
- [ Bracing Deteriaration
- BSC Bracing Spec Check Selection
- TT Structure Typical Section
- o Superstructure Loads
- [ Shear Connector Definitions
- [ stiffener Definitions
=+ & MEMBERS

- |2} CULVERT DEFINITIONS
""" () BRIDGE ALTERNATIVES
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3DFEM3 — Curved Steel 3D Example

Diaphragm Definitions
Under the Diaphragm Definitions node, double click on X Frame to open the Diaphragm Definitions window that
shows a diaphragm definition that can be assigned to locations in the Framing Plan Detail window. No changes are

required in this window.

™ Diaphragm Definitions - O *
Mame: X Frame Diaphragm type: Mumber of elements in fixed member: 1
Members Connections
Diaphragm types: q
Member Shape $ect|o.n Section location Material
A B orientation
5 AR L Gxbx0.4375 ~ | Vertical | Top Left w~ | Grade 50 -~
cD L Gwbx0.4375 ~ | Vertical ~ | Top Left ~ | Grade 30
Type: 1 AD L 6xbx0.4375 ~ | Vertical ~ | Top Left ~ | Grade 50 -
CB L 6x6x0.4375 ~ | Vertical ~ | Top Left ~ | Grade 50 -~
A B
c E D
Type: 2
A B
. Support Y Measured
Cﬁ) Eongecucy type {in) from
Type: 3
ype ¥ A Pinned ™ Top of Web -
B Pinned ™ Top of Web A4
A E B C Pinned Bottom of Web
D Pinned Bottom of Web
Type: 4
OK Apply Cancel

Note: Steel bridges may contain any of the 4 types of diaphragm definitions. Concrete bridges may only contain Type

4 diaphragm definitions.
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3DFEM3 — Curved Steel 3D Example

Girder System Superstructure Definition

Double click on the Sample superstructure definition to open the Girder System Superstructure Definition window.
Only concentric girders with a constant deck width are supported and only steel member alternatives can be created
for a curved superstructure. The Horizontal curvature along reference line section shows the controls to describe
the curved geometry.

M Girder System Superstructure Definition - O X
Definition Analysis Specs Engine
Mame: Sample Modeling

Manual does not specify the size of the beam in the end diaphragm so a W 6 x 9 was
assumed. Likewise for angles in diaphragms, exact angle size was not specified,

Description:
Deck type:
Default units: US Customary W Enter span lengths For PS/PT anly
along the reference o
MNumber of spans: RN line: Average humidity:
Number of girders: 4 0 oan Length %
P
5 1 160 Member alt. types
2 210
3 160 P
R/C
Timber

/I—o'izcntal curvature along reference line \

Distance from PC to first support line: ft
Superstructure alignment Start tangent length:
O curved Radius: 700 ft
Tangent, curved, tangent Direction: Right

Tangent, curved
End tangent length:
Curved, tangent
Distance from last support line to PT: ft

Design speed: mph

[
n

Superelevation:

- -

&

OK Apply Cancel

The Design speed and Superelevation are used to compute the centrifugal force effects on the truck live load. The

high side of the roadway is assumed to be at the outside of the curve.
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3DFEM3 — Curved Steel 3D Example

The following types of horizontal alignments are supported.

Superstructure Alignment: Curved

Dist. From Last
Support Line to PT

Sta Ahd

Dist. From PC to
First Support Line

Superstructure Alignment: Tangent — Curved - Tangent

End Tangent
CLBrg3 | | _ .

PT

Sta Ahd
[,
~Hg,

! (]
| L

»
bl PC

start—e—— 4
Tangent Sp@!

Superstructure Alignment: Curved - Tangent

End Tangent
CLBrg3 || _

Sta Ahd
—>

Dist. From PCto
First Support Line

Superstructure Alignment: Tangent — Curved

Dist. From Last
Support Line to PT

a .
Start —p—q‘-_,a?ﬁ/
Tangent

The Distance from PC to first support line and Distance from last support line to PT are necessary to determine

the member lengths when the first or last support line is skewed.
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3DFEM3 — Curved Steel 3D Example

If the member starts before the defined PC location, that portion of the member is assumed to be tangent to the curve
at the defined PC location. See Girder 4 in the following sketch.
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If the member ends after the defined PT location, that portion of the member is assumed to be tangent to the curve at
the defined PT location. See Girder 4 in the following sketch
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3DFEM3 — Curved Steel 3D Example

Navigate to the Analysis tab of this window. This tab contains the following settings to control the 3D analysis.

M Girder System Superstructure Definition

Definition | Analysis | Specs  Engine

Structural slab thickness An‘aarol shell elements \

Consider structural slab thickness for rating QO In the deck between girders Usere can
Consider structural siab thickness for design n the web between flanges control the
Slower Faster
More accurate Less accurate generated

W rface
learing surfac mesh.

Consider wearing surface for rating )
P T T 1 > N
Consider wearing surface for design
Target aspect ratio for shell elements
Consider striped lanes for rating
) — Slower Faster
Default analysis type: Line Girder e More accurate Less accurate

Longitudinal loading

' . L "
. s 2 bs
Vehicle increment: 1 f

3D FE node generation tolerance
Transverse loading O~
Percentage

Vehicle increment in lane:

35 -.'/

Length
Lane increment:
length | Tolerance

(f) (%)

/ 3D analysis control options 5 q &0 01

LFR: Model non-composite regions as non-composite z o o1

3 160 01

Span

LRFD: Model non-composite regions as non-composite

LRFR: Model non-composite regions as non-composite

Users can
control the
influence
surface

3D bracing member end connection analysis
Q) Calculated factored member force effects

Maximum of average (stress + strength) and 75% resistance

Bracing member LRFR factors
Condition factor: Good o Satisfactory

Field measured section properties

oK Apply Cancel

Navigate to the Specs tab of this window. The analysis of all member alternatives in the superstructure definition will
use the following engines and specifications set on the this tab. An exception to this is LFR rating of curved systems.
The LFR rating is performed in accordance with the “AASHTO Guide Specifications for Horizontally Curved Steel
Girder Highway Bridges 2003”. Note: Currently BrDR doesn’t support ASR analysis for horizontally curved

structures.

M Girder System Superstructure Definition

Definition Analysis Specs Engine

Analysis method

T Analysis module Selection type Spec version Factors
» ASR AASHTO ASR ~ | System Default

LFR AASHTO LFR ~ | System Default

LRFD AASHTO LRFD ~ | System Default

LRFR AASHTO LRFR ~ | System Default -~

-

2 > o~ N —

No changes are required in this window. Click Cancel to close this window without applying any changes if made

erroneously.
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3DFEM3 — Curved Steel 3D Example

Framing Plan Details
Double click on the Framing Plan Details node in the BWS tree. The Layout tab of this window displays how the

girders are located in the Structure Typical Section window.

The highlighted fields is available for curved girder systems to locate the leftmost girder relative to the superstructure
definition reference line. Enter a negative value if the leftmost girder is to the left of the superstructure definition

reference line. This along with the entered girder spacing determines the computed radii of the girders.

4Dy Structure Framing Plan Details — [m] X
Number of spans: Number of girders:
Layout | Diaphragms  Lateral bracing ranges
Girder spacin Distance from superstructure definition. . “
reference line to the Ieftmost girder =
Q rerpendicular to girder
Support Default member bearing alignment: Girder radii:
(degre=s) —
Girder bearing or Radius
p o Gz i Member | o0
alignment type (f)
. (Degress)
2 0 Girder spacing s o4 7165
> 1 | Tengent v
N o Girder (] K @ 7055
. . B3y Startof Endof 2 | Tangent v - w045
girder  girder 3 g o -
Gl 5835
! " " 4 Tengent v
2 1 1
E] 1 1
Computed
values
o —————————
Apply to all members
oK Apply Cancel

Bearings are oriented in a local coordinate system at each member support in curved girder systems. The user can
enter default values for the orientation of the member Support constraints on this window and then apply them to all
members. This is a shortcut feature to allow for ease of data entry. The constraints can be modified on the Member
Support window as necessary. The constraint settings on this window are not used in the analysis, the constraint

settings on the Member Support window are used instead.

Select Tangent if the local x axis for bearing alignment is parallel to the tangent of the member reference line at the
support. Select Chord if the local x axis for the bearing alignment is parallel to a specified chord angle from the
tangent of the member reference line at the support. The following sketch shows an example of defining a bearing

alignment along a chord.

Member Reference Line

J—’argeqt

Member is allowed 1o
maove along this local x axis

Al
ENMep,
efr en

tang

Glohalrx
{&\)

Z

Plan View
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3DFEM3 — Curved Steel 3D Example

Navigate to the Diaphragms tab of this window to see how diaphragm definitions are assigned to the framing plan.
The weight of the diaphragms will be computed by the software and applied to the 3D model.
Diaphragms in curved girder systems can be located by one of 3 methods:

e entering the spacing along both girders of the bay

e entering the spacing along the left girder of the bay

e entering the spacing along the right girder of the bay
The Spacing reference type — Both Girders must be used when the diaphragms are not radial to either girder. This
spacing reference type may also be used when the diaphragms are radial as shown in this example.
If the diaphragms are located by entering the spacing along the left or right girder of the bay, the resulting diaphragm
location on the alternate girder will be computed by the program by casting a line perpendicular to the tangent of the

specified girder at each spacing interval.

4Dy Structure Framing Plan Details — m] X
Number of spans: Number of girders:
Lsyout | Disphrsgms | Lateral bracing ranges
Diaphragm
= o 1 ~
Girder bay: Copy bay to.. e
Start End
; Left Right
Spacing Support distance diaphragm | diaphragm | Number Left Right distance Load
reference ") length length o Disphragm
— number spscing | spacing | of spaces = B kip)
Left girder | Right girder (f) (f) Left girder  Right girder
Both Girders ~ (1 v 0 0 0 0 1 o o 0 0 K Frame v
Both Girders ~ |1 v 0 0| 204714286 | 201571429 7| 1423000002 | 141.1000003 1432 1411 X Frame v
Both Girders |1 1433 141.1| 204714286 | 201571429 1| 204714286 201571429 1637714..| 161257143 X Frame v
Both Girders |2 v 0 0| 19.5409001 | 19.2409091 10| 195408091 192409081 1954080 192409091 X Frame v
Both Girders ™ |2 | 195400001 192400001 | 19.5409001 | 19.2409001 1) 195400001 192400091 21495 21165 X Frame v
Both Girders ~ |3 v 0 0| 204714286 | 201571429 7| 1433000002 | 141.1000003 1433 1411 X Frame v
# [Both Girders ~ |3~ 1433 141.1| 204714286 | 201571429 1| 204714286 201571429 1637714..| 161257143 K Frame v
Bath Girders
Left Girder
Right Girder
New Duplicate Delete
oK Apply Cancel

A wizard is available to create the diaphragm locations for the user.

@ Disphragm Wizard % || é Disphragm Wizard %
Select the desired framing plan system: Disphraam spacing
© Enter number of equal spaces per spa
Enter equal spacing per span
Reference Line .
Enter groups of equal spacing
Q) superstructure def. ref, line
Leftmost girder Support diaphragm load: kip
Rightmost girder Interior diaphragm load: Kip
s Length Number of
pan ) equal spaces
1 160
2 210
3 160
Next > Cancel < Back Finish Cancel

No changes are required in this window. Click Cancel to close the window without applying any changes made

erroneously.
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3DFEM3 — Curved Steel 3D Example

Bracing Spec Check Selection

Double click on the Bracing Spec Check Selection node in the BWS tree. This window is used to identify which
diaphragms should be loaded for live load for both straight and curved girder systems.

This window contains a listing of each diaphragm location in the superstructure definition. The first number is the
bay number, and the second number is the numerical id of the diaphragm starting with 1 for the diaphragm at the start
of the bay. Selecting a diaphragm in this window will result in influence surfaces for the diaphragm members being
generated and then loaded with the live load. Including a lot of diaphragms in the live load analysis can greatly affect
the run time and amount of memory needed for the analysis. Note that the diaphragms are always included in the FE
model. This checkbox only controls if the diaphragm members are loaded for live load and have specification

checking performed.

D% Bracing Specification Check Selection — O x

Diaphragms Lateral bracing

Select diaphragms for specification checking in a 30 analysis:

Select all Clear all

Bay 1 Bay 2 Bay 3

SRR ER M
1-2 2-2 3-2
1-3 2-3 3-3
1-4 2-4 3-4
1-5 2-5 3-5
1-6 2-6 3-6
1-7 2-7 3-7
1-8 2-8 3-8
1-9 2-9 3-9

v

(8] 4 Apply Cancel

No changes are required in this window. Click Cancel to close the window.

Last Modified: 1/17/2024 11



3DFEM3 — Curved Steel 3D Example

Structure Typical Section

Double click on the Structure Typical Section node in the BWS tree. The width of the deck must be constant along

the length of the structure. The overhangs are computed based on the distance from the superstructure definition

reference line to the leftmost girder and girder spacing entered on the Framing Plan Detail window and the deck

width entered here.

M Structure Typical Section

superstructure definition ref. line

Diztance from left edge of deck to i Distance from right edge of deck ta

|, superstucture defirition ref. line

Deck
4 thickness

0

I -
Superstructure Definition

| Reference Line

h

s

=

Left averhang

Deck Deck {cont'd) Parapet

Superstructure definition reference line is

Distance from left edge of deck to
superstructure definition reference line:

Distance from right edge of deck to
superstructure definition reference line:

Left overhang:

Computed right overhang:

Median

k_J Right overhang

Railing Generic Sidewalk Lane position
within ~  the bridge deck.
Start End
20.25 ft
20.25 ft

Striped lanes

Wearing surface

CK

Apply

Cancel

No changes are needed in this window. Click Cancel to close the window.
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3DFEM3 — Curved Steel 3D Example

Schematic — Structure Typical Section
With the Structure Typical Section node selected in the BWS tree click on the Schematic button from the
WORKSPACE ribbon (or right click and select Schematic) to view the cross section of the superstructure

definition.

E Bridge Workspace - LFD Curved Guide Specl ANALYSIS REPORTS ? — O X

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

= ST =

Save Close Export Refresh Open Schematic

Bridge Manage

ol
>

Workspace = X Schematic & X Report

Eridge Components
B @ LFD Curved Guide Specl
#- [ Compaonents
- [ Diaphragm Definitions
E? Lateral Bracing Definitions
- WFFLRFD Multiple Presence Factors
- EC Enwvironmental Conditions

-+ OF Design Parameters
= [} SUPERSTRUCTURE DEFINITIONS
= brf Sample
. | Impact/Dynamic Load Allowance
Tf[*{ Load Case Description
- A& Framing Plan Detail
- [ Bracing Deterioration
- BSC Bracing Spec Check Selection
- B Structure Typical Section

el
#

Analysis

- e Superstructure Loads | [= Open
@' Sl'!ear Conne.ct_o_r Defini P Analyze
B [ Stiffener Definitions )
- @ MEMBERS @ View Summary Report
-+ | CULVERT DEFINITICNS [@] View Detailed Report
----- |3 BRIDGE ALTERNATIVES £l Schematic
9,3} General Preferences
Close Bridge Workspace
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3DFEM3 — Curved Steel 3D Example

Note in the schematic that for this example bridge, the travelway has been entered to the out to out deck width
instead of between the parapets. This was done to match how the structure was loaded in the appendix of the
AASHTO Guide Spec so that results of live loading could be compared between BrDR, and the results published in
the AASHTO Guide Spec.

Schematic — 0O X

Bridge Typical Section
B LhAQe B or

LFD Curved Guide Speci
Mew Bridge - Sample
12152023

41

. 40!_6" g
| 40!_6" |
[ —Deck Thickness 9 1/2" 3 5M6" Cverlay—, ‘
= Travelway 1 Pf!
_——_——k ! ] ! ] I—_'_——_J
*Haunch Th. 4" “Haunch Th. 4" ‘Haunch Th. 4" ‘Haunch Th. 4"
G4 G3 G2 a1
L Sl_gll 3@11I_GII = 33“{}“ 3I_gll ]

Last Modified: 1/17/2024 14



3DFEM3 — Curved Steel 3D Example

Supports

Double click on the Supports node under MEMBERS -> G4 to open the Supports window and see how bearings
can be oriented for curved girder systems. For curved girder systems bearings are oriented in a local coordinate system
at each member support. Select Tangent if the local x axis for bearing alignment is parallel to the tangent of the
member reference line at the support. Select Chord if the local x axis for the bearing alignment is parallel to a specified

chord angle from the tangent of the member reference line at the support. The following sketch shows an example of

defining a bearing alignment along a chord.

Global X
00

S
z L}ﬁa"
Plan View

o | Bridge Workspace - LFD Curved Guide Spec|

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW

ANALYSIS

DESIGN/RATE

6o C

Close Export Refresh

e

Workspace
Bridge  Components
Seais e
£ 3 SUPERSTRUCTURE DEFINITIONS
Yorf Sample
-~} Impact/Dynamic Load Allowance
&k Load Case Description

- 45 Framing Plan Detail
[ Bracing Deterioration

- BSC Bracing Spec Check Selection
- i Structure Typical Section
#Hr Superstructure Loads

= ) MEMBERS
= Ic4

- 2k Member Loads

& Supports

= TIEREER ALTERTIR
T Plate () ()
Ic
-+ e Member Loads
l A Supports
[ MEMBER ALTERNATIVES
E I Plate (B ()
IaGz
-+ otk Member Loads
A Supports
7 MEMEBER ALTERMATIVES
Ia
-+ skl Member Loads
A Supports
[ MEMBER ALTERNATIVES
- [ CULVERT DEFINITIONS
[ BRIDGE ALTERNATIVES

Support
number

1
2
3
4

- [ Shear Connector Definitions General

Elast

Suppart
number

1

2

3

4

v

Tangent

Member Reference Line

=
[
Open

Bearing Alignment

Girder
bearing
alignment
type
Tangent
Tangent

Tangent v

Tangent

REPORTS

REPORTING

Copy

Support

fype
Roller
Roller
Roller

Raller

~

~

~

~

Chord
angle
(degrees)

Member is allowed 1o
maove along this local x axis

Local translation constraints

X

ooenE -

< << Jf <

X

Local rotation constraints

Y

No changes are required in this window. Click Cancel to close the window.
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3DFEM3 — Curved Steel 3D Example

It is not recommended that users launch an analysis during training because of the large number of degrees of
freedom in this example. The analysis runtime will require a 64 bit PC and adequate memory that is likely not
available on attendee laptops.

3D Analysis Settings

LRFD Design Review
From the Analysis group of the DESIGN/RATE ribbon, double click on the Analysis Settings button to open the

window as shown below.

E Bridge Workspace - LFD Curved Guide Specl ANALYSIS REPORTS

ERIDGE WORKSPACE WORKSPACE TOOLS WVIEW DESIGN/RATE REPORTING

> &

Analysis Engine
Settings QOutputs

Analysis Results

Select the following vehicles and settings for an HL-93 Design Review.

M Analysis Settings

o Design review Rating
Analysis type: 3D FEM
Vehicles Qutput Engine Description

Traffic direction: Both directions
Vehicle selection

E-Vehicles
B Standard
- Alternate Military Loading
-EV2
-EV3
--HL-93 (SI)
HL-93 {Us)
HS 20(51)
HS 20-44
LRFD Fatigue Truck (SI)
LRFD Fatigue Truck (US)
Agency
User defined

Temparary

Reset Clear Open template

Design method: LRFD o

Analysis option: DL, LL and Spec-Checking w

Apply preference setting: None w
Refresh Temporary vehicles Advanced

Vehicle summary
E-Design vehicles
-Design loads
L-HL-93 (US)

-Permit loads
-Fatigue loads
"--LRFD Fatigue Truck (US)
Add to

a2

Remove from

<

Save template OK Apply

Cancel

Last Modified: 1/17/2024
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3DFEM3 — Curved Steel 3D Example

Navigate to the Output tab and select the following output controls. Check the Detailed influence line loading to

view the centrifugal force calculations.

D Analysis Settings - O x
© Design review Rating Design method: LRFD v
Analysis type: 3D FEM ~ Analysis option: DL, LL and Spec-Checking v
Lane / Impact loading type Apply preference setting: None w
Vehicles Qutput Engine Description
r Tabular results (— AASHTO engine reports
Dead load action report (&1 Miscellaneous reports:

Girder properties

Live load action report
Concrete limit state summary report Summary influence line loading
LRFD eritical loads report B oetsiled influence line loading
LRFD specification check report Capacity summary
PS conerete stress report Capacity detailed computations
C service stress report FE model for DL analysis
FE maodel for LL analysis

Steel limit state summary report
LL influence lines FE model

LL influence lines FE actions
LL distrib. factor computations
LL distrib. factor summary
Regression data

Camber

Fatigue stress ranges

Service |l stress ranges
(21 Specification output:
LRFD/LRFR conc article detailed

Select all Clear all Select all Clear all

Reset Clear Cpen template Save template oK Apply Cancel

With the Sample superstructure definition selected on the BWS tree, click the Analysis button from the Analysis
group of the DESIGN/RATE ribbon.

s | Bridge Workspace - LFD Curved Guide Spec ANALYSIS REPORTS ? - u] b

BRIDGE WORKSPACE WORKSPACE TOOLS WVIEW DESIGN/RATE REPORTING

g

Analysis | Analyze Engine
Settings Quiputs

Analysis Results

Workspace # X | Schematic % X | Report & X

Bridge  Components
- fLFD Curved Guide Specl
B [ Compenents
B [ Diaphragm Definitions
- [ Lateral Bracing Definitions
MPF LRFD Multiple Presence Factors
EC Environmental Conditions

- OF Design Parameters
= & SUPERSTRUCTURE DEFINITIONS
\rrf Sample
- Y impact/Dynamic Load Allowance
2k Load Case Description
457 Framning Plan Detail
- [E Bracing Deteriorstion
- BSC Bracing Spec Check Selection
- T structure Typical Section
2 Superstructure Loads
- [ Shear Connector Definitions
- [ stiffener Definitions
2 MEMBERS
() CULVERT DEFINITIONS
() BRIDGE ALTERNATIVES

Analysis & X
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3DFEM3 — Curved Steel 3D Example

Specification Check Detail - LRFD Design Review

M Specification Checks for Plate - 44 of 4078 - o
Articles
\/ﬁ Ilp All articles ~
Froperties Generate oMt
Bullet list ~
Specification filter Report
4 (| Superstructure Component 4 | Specification reference Limit State Flex. Sense Pass/Fail
»_|Stage 1 1.3.2.1 Design Philosophy - Limit State - General N/A Genersl Comp.
» |_{Stage 2 ' 25262 Criteria for Deflection N/A Passed
4|_)5tage 3 46.2.7.1 I-Sections - Lateral Wind Load Distribution in Multibeam Bridges N/A Genersl Comp.
4 [ |Plate 5.4.2.6 Modulus of Rupture N/A General Comp.
(ZySpan 1-0.00 . 5.4.2.8 Concrete Density Modification Factor N/A General Comp.
ISpan 1-1008 6.10.1 Estimated Flange Lateral Bending Stress Proportioning N/A Genersl Comp.
(span1-1613 % 5.10.1.1.1b Stresses for Sections in Positive Flexure N/A Genersl Comp.
I Span 1- 2016 . 6:10.1.10.1 Hybrid Factor, Rh N/A General Comp.
|LiSpan 1-3024 f1.
{gSpan 1- 3225 6.10.1.10.2 Web Load-Shedding Factor, RP N/A General Comp.
21 Span 1- 4031 ft + 6.10.1.6 Flange Stress and Member Bending Moments N/A Passed
iSpan 14838 1 + 610.1.7 Minimum Negative Flexure Concrete Deck Reinforcement N/A Passed
ZySpan 1- 5039 f, £.10.1.9.1 Webs without Longitudinal Stitfeners N/A General Comp.
1y Span 1- 6047 . + 6.10.11.12 Transverse Stiffeners - Projecting Width N/A Passed
|ySpan 1- 6450 + 6.10.11.13 Transverse Stiffeners - Moment of Inertia N/A Passed
|2 Span 1- 7055 ft. + 6102 Cross-Section Proportion Limits N/A Passed
|2y Span 1 - BO63 f. + 610422 Flexure N/A Passed
| Span 1-9071 ft. + 6.10.5.2 Special Fatigue Requirement for Webs N/A Passed
|5pan 1- 9675 ft. 6.10.6.2.2 Composite Sections in Positive Flexure N/A General Comp.
| Span 1-100.79 ft. 6.10.6.2.3 Composite Sections in Negative Flexure and Noncomposite Sections N/A General Comp.
|45pan 1- 11086 ft. NA 6.10.7.1.1 General N/A Not Applicable
|_iSpan1- 11288 ft. 1A 6.10.7.1.2 Nominal Flexural Resistance N/A Not Applicable
|_jSpan1-12094ft + 6.10.7.2.1 General N/A Passed
I Span 1-121.00 ft. 6.10.7.2.2 Nominal Flaxural Resistance N/A General Comp.
=4 5pan 1-12001 .  6.10.7.3 Flexursl Resistance - Ductility Requirement N/A Passed
I=45pan 1-131.02 ft. 14, 6.10.8.1.1 Discretely Braced Flanges in Compression N/A Not Applicable
1=45pan 1- 14110 N4, 6.10.8.1.2 Discretely Braced Flanges in Tension N/A Not Applicable
\=45pan 1- 14116 » || yh 510,813 Continuousls Braced Flanaec in Tancian or Comnrassion N/A Nt Annlicable

LFR Rating

In the Analysis Settings window select the following vehicles and settings for an LFR rating.

@ Analysis Settings

Design review () Rating

3D FEM

Analysis type:

Vehicles ~ Output  Engine

Traffic direction: Both directions
Wehicle selection

B Vehicles
El-Standard

EV3
H15-44
H 20-44
HS 13-44
HS 20 (SI)
HS 20-44
NRL
sSU4
SUs
SUs
su7
Type 3
Type 3-3
Type 352
- Agency

User defined
- Temporary

Reset Clear

Alternate Military Loading
2

Open template

Rating method: LFR

~ Analysis option:

Apply preference setting: None

Description

~ Refresh
Vehicle summary

E-Rating vehicles
Inventory
" HS 20-44
Operating
" Hs 20-44
Legal aperating
Permit inventory
Permit operating

Add to

B

Remove from

<<

Save template oK

DL, LL and Spec-Checking

Temporary vehicles

Advanced

Apply

]

Cancel

X

Last Modified: 1/17/2024
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3DFEM3 — Curved Steel 3D Example

The example in the AASHTO Guide Specification is for an HS25 loading. To produce this loading, enter a scale

factor of 1.25 in the Vehicle Properties window as shown below.

B sl Serings
Design review () Rating
Analysis type: 3D FEM v
Vehicles  Output  Engine  Description

Traffic direction: Both directions

Vehicle selection o
E-Vehicles
B Standard

| Alternate Mili
| “EV2
EV3
| “H 15-44
| 1 2044 > HS20-44
“HS 15-44
HS 20 (SI)
‘HS 20-44
NRL
su4
sUs
sUs
su7
Type 3
Type 3-3

Vehicle —

125

Type 352
Agency
- User defined
Temporary

Adjacent vehicle live load factor:

Reset Clear Open template

Navigate to the Output tab and check the checkboxes shown below to generate detailed reports. Be sure to check the

Impact

Save template

Rating methad: LFR -
Analysis option: DL LL and Spec-Checking ~
Apply preference setting: Nene ~

Refresh

i

Single
lane
loaded

Cancel

Apply Cancel

Detailed influence line loading to be able to view the centrifugal force calculations.

M Analysis Settings - o X
Design review () Rating Rating method: R v
Analysis type: 3D FEM v Analysis option: DL, LL and Spec-Checking v
Apply preference setting: None v
Vehicles  Output  Engine  Description
(~ Tabular resuits (~ AASHTO engine reports
Dead load action report B Miscellancous reports:
Pl Girder op s
LFR critical loads report 8 Gircer properties
Live load action report
Truss panel point concurrent forces report
Truss panel point maximum forces report
FE model for )
FE model for LL analysis
LL influence lines FE model
LL influence lines FE actions
LL distrib. factor computations
Regression data
Camber
Select all Clear all Select al Clear all
Reset Clear Open template Save template oK Apply Cancel

Last Modified: 1/17/2024
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3DFEM3 — Curved Steel 3D Example

This example shows the results from a 3D LFD rating. It is not recommended that users launch an analysis
during training due to the large number of degrees of freedom in this example. The analysis runtime will

require a 64 bit PC and adequate memory that is likely not available on attendee laptops.

The software develops the 3D model using the member alternative marked as Existing for each member. If the
member does not have a member alternative marked as Existing and only has 1 member alternative, that member
alternative is used for the 3D model. If the member has no member alternative marked as Existing and more than 1

member alternative, the analysis will not be performed.

When the analysis is launched for the superstructure definition, spec checking and rating is only performed for member
alternatives marked as Existing. When the analysis is launched for a single member alternative (as shown below),

the spec checking and rating will only be performed for that member alternative.

Workspace - 0 X

Bridge Companents
=} ) SUPERSTRUCTURE DEFINITIONS -
ch b Sample
1 pact/Dynamic Load Allowance
- o+ Load Case Description
- 45 Framing Plan Detail
- E?Bracing Deterioration
- BSE Bracing Spec Check Selection
- i Structure Typical Section
- 2 Superstructure Loads
- [?j' Shear Connector Definitions
T [E7 stiffener Definitions
=1 & MEMBERS
IG4
Ics
oy Member Loads
-~ "#% Supports
=l MEMEBER ALTERMATIVES
- T Plate (E) (C)

i s

-

+ T G
~\) CULVERT DEFINITIONS
..... 5% PRINWIE AITERBIATIVER '_

A feature for both straight and curved girder system FE analysis is the ability to reuse existing FEA results. The
program will generate new dead load and live load influence surface FE models and compare the models to previous
models. If the models compare exactly then the FEA results will be reused. The live load will be applied to the

previous influence surfaces. This leads to a greatly reduced runtime on successive runs.
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3DFEM3 — Curved Steel 3D Example

Engine Outputs — LFR Rating
From the Engine Outputs button on the Results group of the DESIGN/RATE ribbon, the following shows the output
files created by the 3D LFR rating. Similar files are created for a 3D LRFD design review.

D LFD Curved Guide Speci - O X

B+LFD Curved Guide Spect

E--Sample
EH-AASHTO_LFR_3D
- Model Generation Node Merge Report
--51 Span 3D Model
51 Span 3D FE Model Graphics
-81 Span 3D Model Actions
52 Span 3D Madel
52 Span 3D FE Model Graphics
52 Span 3D Model Actions
53 Span 3D Maodel
--53 Span 3D FE Model Graphics
- TransverseLoaderPatterns
- InfluenceSurfaces
-Log File

The 3D Model files list the data for the models including nodes, members, properties, and loads. The 3D Model
Actions files list the FE results (reactions, element actions, displacements) for the models. The Model Graphics files
can be opened to graphically view the FE models. The following shows the graphics for the Stage 1 model which

contains the steel beams and diaphragms.

S Model Viewer - m} x
File Tools Help

Edha®a g mes OLF
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3DFEM3 — Curved Steel 3D Example

Node and element numbers can be turned on from the Tools menu. The mouse controls manipulation of the view.
Zoom by rolling the mouse wheel. Translate by pushing down the mouse wheel. Rotate by pushing down the left
mouse button.

The generated influence surfaces for the unit live loading can be viewed by selecting the Stage 3 Graphics model and
then selecting File -> Open -> Influence Surfaces.sur. This opens the Influence Surface window as shown below.
An influence surface for viewing can be chosen by selecting Tools -> Change Influence Surface and then selecting
desired actions.

Influence Surface x
Influence Surface Ir
Bridge 1D: LFD Curved Guide Spec
Bridge: New Bridge
Superstructure Definition: | Sample
User: bridge
NBI Structure 1D: LFD Curved Guil
Bridge Atemative:
Date: 12/18/2023
Influence Suface Selection
Girder: Deck Node: Action
G4 457 A | | Moment-Z
G3 509 Shear-Y
G2 513 Momert-Y
G1 525 Momert-Y Top Flange
537 Moment-¥ Bottom Flange
545 v | | Deflection-Y
a Model Viewer _ O %

File Tools Help

Ed 2098 ®mes 0L
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3DFEM3 — Curved Steel 3D Example

Tabular Results — LFR Rating

From the Results group of the DESIGN/RATE ribbon, click on Tabular Results to view the LFR rating results as

shown below.

Bridge Workspace - LFD Curved Guide Speci

BRIDGE WORKSPACE WORKSPACE
%

& = i

Analysis Analyze Analysis
Settings Events

Analysis

Workspace

Bridge Components.

R

Tebular [Specification Engine Results
Results [Check Detail Oufputs Graph Results

ANALYSIS REPORTS
VIEW DESIGN/RATE REPORTING
Pt
Save

& X

Schematic

B M LFD Curved Guide Specl
WComponemx
= |&) Diaphragm Definitions
X Frame
K Frame
[£7 Lateral Bracing Definitions
WFF LRFD Multiple Presence Factors
EC Environmental Conditions
- OF Design Parameters
Bl |3 SUPERSTRUCTURE DEFINITIONS

Last

B brrf Sample

. j Impact/Dynamic Load Allowance
£+ Load Case Description
- 45 Framing Plan Detail
- [ Bracing Deteriorstion
B5C Bracing Spec Check Selection
m Structure Typical Section
- 2 Superstructure Loads
[ Shear Connector Definitions
[ @ Stiffener Definitions
= &) MEMBERS
# TG
(E IG
i‘-- e Member Loads

- " Supports
(3 MEMBER ALTERNATIVES
#- I Plate (B ()
o T
IGl
[ CULVERT DEFINITIONS
2 BRIDGE ALTERNATIVES

N

Modified: 1/17/2024

=
Print
Print
Report type:
Rating Results Summary
izl | P2 | g e
Type
H5 20-44 Lane LFR
HS 20-44 Lane LFR
HS 20-44 | Axle Load LFR
15 20-44 | Axle Load LFR

AASHTO LFR 3D Engine Version 7.5.0.2001

Analysis preference setting: None

Rating
Level
Inventary
Qperating
Inventory

Operating

Loa

23

Lane/Impact loading type
Q) s requested

# X

Display Format

Detailed
?r::]t'"g Rating Factor
EERE 0736
5530 1229
2623 0583
4380 0873

Single rating level

Location
]
534.16
534.16
0.00
0.00

Report

Lacation

Span-(%)
3-(100.0)
3-(100.0)
1-(0.0)
1-(0.0)

Limit State

Design Shear - Steel
Design Shear - Steel
Design Shear - Steel
Design Shear - Steel

Impact Lane

As Requested | As Requested
As Requested | As Requested
As Requested | As Requested
As Requested | As Requested

Close

b

4=



3DFEM3 — Curved Steel 3D Example

Specification Check Detail — LFR Rating

From the Results group of the DESIGN/RATE ribbon, click on Specification Check Detail to view the LFR spec

check results as shown below.

e P

Properties Generate
Specification fitter

4 |_| Superstructure Component
®|_|Stage 1
» || Stage 2
4 |_|Stage 3
4 |_| Plate
|Span 1-0.00ft
|4 Span 1-10.08 ft.
£y Span 1-16.13 ft.
|i Span 1- 2016 ft.
|_iSpan 1-30.24 ft.
|dSpan 1-32.25 ft.
| Span 1-40.31 ft.
| Span 1-4638 ft.
|4 Span 1-50.39 ft.
| Span 1 - 6047 ft.
|i Span 1 - 64.530 ft.
|_iSpan 1-T70.35 ft.
|iSpan 1 - 80.63 ft.
|4 Span 1-90.71 ft.
| Span 1-96.75 ft.

|1 Span 1 - 100.79 ft.
|1 Span 1-110.86 ft.
|_4Span 1-112.88 ft.
|1 Span 1-120.94 ft.
| Span 1-121.00 ft.
|1 Span 1-129.01 ft.
| Span 1-131.02 ft.
| Span 1-141.10 ft.
I_I5Span 1-141.76 ft.

M Specification Checks for Plate - 26 of 1644

Articles
All articles e
Format
Bullet list ~
Report

Specification reference

5.1 Flanges With One Web - General

M4 521 Compact Flanges

5.2.2 Non-Compact Flanges

5.3 Partially Braced Tension Flanges

5.4 Continuously Braced Flanges

N4 6.2.1 Unstiffened Webs - Bending Stresses

M 6.2.2 Unstiffened Webs - Shear Stresses

6.3 Transversely Stiffened Webs

6.3.1 Transversely Stiffened Webs - Bending Stresses
6.3.2 Transversely Stiffened - Shear Stresses

fl4 6.4.1 Longitudinally and Transversely Stiffened Webs - Bending Stresses
N4 6.4.2 Longitudinally and Transversely Stiffened Webs - Shear Stresses
9.5 |I-Girders Permanent Deflection

+ Bending Stress Rating

Depth of web in compression in the Elastic Range (Dc)
Depth of web in compression uncracked sections (Dc)
+ Flange Bending Stress Rating

+ Flange Overload Rating

LFD General Steel Flexural Results

LFD Steel Elastic Section Properties

Steel Stresses for Sections in Positive Flexure

Steel Stresses for Uncracked Sections

Unbraced Length Calculations

> Web Bending Stress Rating

+' Web Overload Rating

+" Web Shear Rating

Limit State

Flex. Sense
N/A
N/A
MN/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
/A
N/A
N/A
/A
N/A
N/A
/A
N/A
N/A
N/A
N/A
MN/A

Pass/Fail
General Comp.
Not Applicable
General Comp.
General Comp.
General Comp.
Not Applicable
Mot Applicable
General Comp.
General Comp.
General Comp.
Not Applicable
Not Applicable
General Comp.
Passed
General Comp.
General Comp.
Passed

Passed
General Comp.
General Comp.
General Comp.
General Comp.
General Comp.
Failed

Paszed

Passed
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3DFEM3 — Curved Steel 3D Example

The centrifugal force effect calculations can be found in the detailed influence surface loading files found in the

following folder (of the Documents folder).

hare  View (2]
{ cut h O New item ~ J)open ~ Select all
. «[® X=f 12 P B &
W= Copy path 7] Easy access - [ et Select none
e Move Copy Delete Rename  New Properties )
7] Paste shorteut > o > folder s @History £ Invert selection
sard Organize New Open Select
¢ LFDCurvedGuideSpec] » Sample » AASHTOLFR3D 5 G3 » Plate » S3Span 5 Date v o Search Data
Name 2 @
2] INVOPR_Axle Load Backward_3000000_Y Reaction File Edit Format View Help
Vehicle: HS 20-44 - Truck ~

[E) INVOPR_Axle Load Backward_3000000_¥ Translation
5] INVOPR_Axle Load Backward_3030000 Moment Z
[E) INVOPR_Axle Load Backward_3050000_pelygons
[E] INVOPR_Axle Load Backward_3050000_Shear Y

[EJ INVOPR_Axle Load Backward_3050000_¥ Reaction
5] INVOPR_Axle Load Backward_3030000_¥ Translation
|=] INVOPR_Axle Load Forward_0_Moment

|=] INVOPR_Axle Load Forwause®= g

foet€Toad Forward_0_Y Translation

[Z] 1nWePR_Axle Load Forward_50000_Moment Z
INVOPR_Axle Load Forward_50000_polygons

|=] INVOPR_Axle Load Forward_50000_Shear Y/

2] INVOPR_Axle Load Forward_50000_Y Reaction

[E) INVOPR_Axle Load Forward_50000_Y Translation

=] INVOPR_Axle Load Forward_200000_Moment Z

5] INVOPR_Axle Load Forward_200000_polygons

=] INVOPR_Axle Load Forward_200000_Shear Y

5] INVOPR_Axle Load Forward_200000_V Reaction

Contains detailed influence
surface loading data for
truck applied to a lane with
its left edge at 0' from the
left edge of the deck.

5] INVOPR_Axe Load Forward_200000_V Translation
5] INVOPR_Axle Load Forward_250000_Moment Z
[E) INVOPR_Axle Load Forward_250000_polygons
5] INVOPR_Axle Load Forward_250000_Shear Y

Wheel factors due to

variable Axle: True, Axle Index: 2, Travel Distance: 16.2, Increment: 1.8

Axle Spacing Distance to

First Axle

(ft) (ft)

1 .00 0.00

14.00 14.00

3 14.00 28.00
Axle Wheel Spacing Load Span Placement

(ft) (kip)

1 1 3.000 5.00 Anyspan
1 2 3.000 5.80 AnySpan
2 1 3.000 20.20 AnySpan
2 2 3.000 20.00 Anyspan
3 1 3.000 20.00 AnySpan
3 2 3.000 20.90 AnySpan

Total load = 9831
Total length = 2821
Maximum width = Left 3.8@021, Right 3.08021, Total 6.8021

Centrifugal Force and Superelevation Data:
Curve to right

Design Speed = 35.8@ (mph)

Superelevation 5.80 (%)

Centrifugal force applied 5.88 (ft) above the deck

POI (8.068,-5.500) ft  Moment Z Influence Surface

The unit for the Moment is (kip-ft), Shear and Reaction is (kip tion is (inch)
X

centrifugal force and

superelevation

axle  kheel Surface wheel [ curve | Actien FE Element
5] INVOPR_Axle Load Forward 250000_Y Resction P il [
[T TNVOPR. Als Lasa Fermarazaoe0e (#t) (F1) (unit) (kip) (unit)
[E] INVOPR_Axle Load Forward 400000 MomentZ T | T T e
= INVOPR_Axle oad Furwa’dixﬂ)DDDD’pg\yggns Front Axle Position (-8.871,-15.252) L to R
8.80 -1 -0.8243 5.64 1.1288 -@.137 123
] INVOPR_Axle Load Forward_400000_Shear Y Total = Max €.908, Total = Min -8.121, Total = -8.121
5] INVOPR_Axle Load Ferward_400000_Y Reaction
Front Axle Position (8.929,-15.228) L to R
5] INVOPR_Axle Load Forward_400000_Y Translation b e oeast s.6a | 11288 o142 13
|=] INVOPR_Axle Load Forward_450000_Moment Z 1 2 8.88 -12.23 -@.8817 4.36 | @.8712 -@.887 389
Total = M ©.880, Total = Min -8.134, Total = -8.134
5] INVOPR_Axle Load Farward_450000_polygans oral = Hax s Total = M0 s Tote
[E] INVOPR_Axle Load Forward 450000 Shear V Front Axle Position (1.328,-15.264) L to R 9
5] INVOPR_Axle Load Ferward_450000_Y Reaction
In23, Col22 20%  Windows(CRLF)  UTF-2

[Z] INVOPR_Axle Load Forward_450000_Y Translation

ected 37.6 MB

3D Model

The modeling techniques used are the result of a survey of researchers and practitioners and review of several software

packages.

Steel Members

The model for a girder system structure with steel girders is comprised of the following:

e Shell elements for the deck

e Beam elements for the top and bottom flanges.

o Shell elements for the web. Web shell elements are divided into equal segments for web shells. The shell

nodes may be adjusted to match diaphragm connections.

e  For curved structures, curvature is represented by straight elements with small kinks at node points instead

of curved elements.

e Master-slave constraints that connect the top flange to middle of deck. The distance ‘A’ as shown in figure

below is measured from the center of the deck to the center of gravity of the top flange (including cover

plates) at the start of G1. The same value is used everywhere for all girders to maintain horizontal elements.
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3DFEM3 — Curved Steel 3D Example

Deck (Shell Elements)

% % TI | |

|
Master-Slave
| | |

Constraints

AN | | | |
Flange (Beam Elements) — ===

Web (Shell Elements

Flange (Beam Elements) ()

. Partial Elevation View of
Section Model

The moment at a beam cross section is calculated by solving the equilibrium equations at that section. This moment

is then used in the specification check articles in the same way that it would for a line girder analysis.

Deck (Shell Elements)

I\ : : : I Master-Slave
| | |

{ ! Flange (Beam E|emen|5)L _t

: Constraints

Element
Nodal M

Web (Shell Elements Forces

vw

v

Flange (Beam Elements) = o

. Partial Elevation View of
Section Model

Mesh Generation

The FE model created by BrDR will contain nodes at the following locations.
e  Cross section property change points
e  Span tenth points

e  Support locations
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o Diaphragm locations

e  User defined points of interest
The user controls the mesh generation by the controls previously shown on the Superstructure Definition: Analysis
tab. The software creates the mesh following the number of elements selected between beams or within the web of a
steel beam and the target aspect ratio entered by the user. The presence of nodes at the locations listed above may
result in some elements falling outside the target aspect ratio.
The following plan views show how the mesh for this example can be controlled by the user.
2 shells between beams, target aspect ratio = 4

& Model Viewer - O *

File Tools Help

EHdR®a 908866 UL

-

4 shells between beams, target aspect ratio = 2

& Model Viewer - O X

File Tools Help

EHbh &Y aoae e @ ms O
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Loading

The program computes all the dead loads acting on the beam including the self-weight of the beam, user defined
appurtenances on the structure typical section, wearing surfaces, diaphragms, and user defined member loads.
Composite dead loads are applied directly to the deck shells in the 3D model in their actual location. They are not
distributed to the girders based on the choices available in the Superstructure Loads window.

The Stage 3 FE model is loaded with unit loads at each deck node within the travelway to generate influence surfaces
for the beam. Lane positions and combinations are determined based on the travelway and the transverse loading
parameters set by the user on the Superstructure Definition: Analysis Settings tab. The influence surfaces are then

loaded with the selected vehicles to find the maximum live load effects.
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