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3DFEM2 - Single Span Steel 3D Example
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3DFEM2 - Single Span Steel 3D Example

Topics Covered

o 3D analysis of a single span steel rolled beam bridge
o Diaphragm definitions

o 3D analysis settings

e 3D model

This example describes performing a 3D FEM analysis of a single span steel rolled beam structure.

Import “3DFEM2 - Single Span Steel 3D Example.xml” and open the bridge workspace. Open the Diaphragm

Definition window shown below.

Bridge Workspace - STLS E'@
= M STLE
b [ Materials

[E
G- [ Bearn Shapes

G [ Sppurtenances

E- [ Connectors

- [ Diaphragm Definitions

------- MFF LRFD Multiple Presence Factors
[ [ Factars
------- [Z3 LRFD Substructure Design Settings
------- EC Environmental Conditions
....... OF  Design Pararneters
= [ SUPERSTRUCTURE DEFINITIONS
i bf LRFD-5-2010
------- j Irnpact / Dynamic Load &llowance
------- 2L Load Case Description
------- & Framing Plan Detail
------- [ Bracing Deterioration
....... BSC Bracing Spec Check Selection
------- T Structure Typical Section
------- < Superstructure Loads
------- ([ Shear Connector Definitions
G- [0 Stiffener Definitions
- [ MEMBERS
= [ BRIDGE ALTERMATIVES
S @Dy LFR (B} (C)
G- [ SUPERSTRUCTURES
------- T Stiffness Analysis
....... [ PIERS

Last Modified: 8/16/2016 2



3DFEM2 - Single Span Steel 3D Example

The following window shows a diaphragm definition that can be assigned to locations in the Framing Plan window.

M Diaphragm Definition [ =] =]
Mamg:  EndiIntermediate Diaphragm type: |T¥Pet ¥ Humber of elements in fixed members: B
Members | Connections

Diaphragm ypes: Material type: @) Steel () Concrete
A = B
D Section | Section .
Member Shape oriertation] Location Material
— AR |C15x3349 w|[*ertical | »|Left |»|Fy=
[+ = D
Type: 1
A B
c é D
Type: 2
A B
CEFTEETER Support Y Meazured
Type (i) From
= & Jrinne | 5.00|Top of |v|
—* B Finne = | 200 (Top of =]
c — D
Type: 3
A : B
Type: 4

a4 ] [ Apply ] [ Cancel

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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3DFEM2 - Single Span Steel 3D Example

The Superstructure Definition window contains the following settings to control the 3D analysis. Users can control
the influence surface loading in the longitudinal and transverse loading group boxes as well as the generated mesh

through the shell element options.

4 Girder Systern Superstructure Definition EI@
Definition | Analsis | Specs | Engine
Structural Slab Thickness Nurber of shell elemerits
| Congider structural slab thickness for rating @) In the deck between girders
/| Consider structural slab thickness for design Ifv the weh between flanges
\Wearing Surface Slower Faster
/| Consider wearing surface for rating More accurate LF“ accuiale
| Cansider wearing suface for design
03 8 7 6 5 4 3 21
Congsider striped lanes for rating
Diefaul Analysis Type: | 3D FEM - Target aspect ratio for shell elements
Longitudinal Loading Slower Faster
: More accurate Less accurate
“ehicle increment: 1.000 it M
Transverse Loading 10 15 20 25 30 35 40
Vehicls increment in lane; 2000 ft 3D Bracing Member End Connection Analysis
Lane increment: 4.000 it @ Calculated Factored member force effects
Maximum of average (stress + strength] and 752 resistance
3D Analysis Control Options
LFD: Model non-composite regions as non-composite Bracing Member LRFF Factors
LRFD: Model non-composite regions as nan-campasite Condition Factar: | Good or Satisfactary -
LRFR: Model non-compaosite regions as non-composite Field measured zection properties
akK ] | Apply ‘ | Cancel

The analysis of all member alternatives in the superstructure definition will use the following engine and specification

set on the Specs tab.
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3DFEM2 - Single Span Steel 3D Example

M Girder System Superstructure Definition EI@
~
Defintion | &nalysis | SPecs | Engine
Ana\\f?\ysph:ethnd Analysis Module Selection Type Spec Yersion Factors
ASD AASHTO ASD | || System Detautt  ||MBE 2nd 2016i, Std 17th || iR -
LFD AASHTOLFD ||| System Detautt L | MBE 2nc 2016i, Std 17th || 2002 ARSHTO St Specifications Jhd
LRFDr ALSHTO LRFD | | System Defaut ¥ ||LRFD 7th 2016i || 2014 (2016 irterim) AASHTO LRFD Spec | x|
LRFR ALZHTO LRFR | = | System Default | = ||MBE 2nd 20161, LRFD Tth 20160 | ||2011 (2016 Interim) AASHTO LRFR Spec. |« |
(1] ] [ Apply ] [ Cancel il

Open the Framing Plan Details: Diaphragms tab 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.

M Structure Framing Plan Details o] = |
Mumber of spans = |1 Number of girders = |4
| Lapout| Diaptragms | Latersl Bracing Fanges
Girder Bay: |1 - Disphiagmn
Eopy By To \igerd..
Support S'ﬁ"?‘?ema D;a":;‘g’" Mumber Length End Distance Load -
Humber - AN | ot Spaces () _ i) iaphragm
Loft Girder | _Right Girder [ul} Lefi Gider_|_Right Girder
[ 0.0 0.00 0.00 1 0.00 0.00 0.00 <
1 = 000 0.00 17.56 1 17.58 17.58 1758 -
1 3513 3513 000 1 000 3513 3513 -
[ Mew |[ Dupicate |[ Delr= |
[ ok ][ fppw || Cancel |
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3DFEM2 - Single Span Steel 3D Example

For the Bridge Design training, open the Analysis Settings window and make the following selections for an HL93

Design Review.

M Analysis Settings =N = =
@ Design Feview () Rating Design Method: [LHFD -
Analysis Type: Analysiz Option:
3D FEM =] [DL.LL and Spec-Checking  ~ |
4z Requested Apply Preference Setting: [None VI
Vehicles | Cutput I Engine I Descriptionl
[ Fiefresh ] [ Temporam Yehicles... ] ’ Advanced...
Vehicle Selection: Vehicle Summary:
= Wehicles Ad_d to =8 O :
(=) Standard faliic (=) Design Loads
- Alternate Military Loading | 1 | i e HL-93 US)
HL93[51] i - Pemit Loads
~HL-93 (US) =) Fatigue Loads
~HS 201051] O LRFD Fatigue Truck [U5]
~HS 20-44 ?move
- LRFD Fatigue Truck (S1) ram
‘... LRFD Fatigue Truck [US) Analysis
- Bgency ce
- |Iser Defined -
- Temporary
[ Rezet ] [ Clzar ] [ Open Template ] [ Save Template ak. ] [ Apply ] [ Cancel
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3DFEM2 - Single Span Steel 3D Example

For the Bridge Rating training, open the Analysis Settings window and make the following selections for an HS20

rating.

M Analysis Settings EI@
() Design Peview @ Rating Riating Methad: [LFD -
Analysis Type: Analysiz Option:
3D FEM ~| [DL.LL and Spec-Checking  + |
LanedIimpact Loading Type:

[-"—'ﬁ Requested ‘] Apply Preference Setting: [None ‘]
Vehicles | Dutput | Engine | Dessription|
Tl;:-ftfl*l'ucdﬁrrl;z'l:i!s:: - [ Refresh ] [ Temporam Wehicles... l [ Advanced...
Vehicle Selection: Vehicle Summary:

) Standard - Adc! i
- lternate Military Loading N Riating B Irjventoly
- H 15-44 o HS 2044
. H 20-44 i =) Operating
- HS 15-44 i e HS 20-44
-~ HS 20 [51) R - Leqal Operating
- HS 20-44 £ ?move - Permit Inventary
.. MEL rorn- - Permit 0 perating
. SU4 Analyzis
- 55

124

o L« ]
- 5U7 m
- Type 3
- Type 3-3
- Type 352 e

[ Reszet H Clear ] [DpenTempIate] [ Save Template

o (eow

Cancel
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3DFEM2 - Single Span Steel 3D Example

For both training sessions, select the following output controls.

M Analysis Settings EI@
() Design Review @ Rating Riating Method: [LFD v]
Analyziz Type: Analysiz Option:

(2D FEM ~| [DL.LL and SpecChecking  ~ |
Lane/Impact Loading Type:
[AS Requested '] Apply Preference Setting: [None -
| Vehicles| Output | Engine I Description|
Tabular Results: AASHTO Engine Reports:
[+ Dead Load Action Report ? -~
[ LFD Critical Loads Report O Girder Properties
¥ Live Load éction Report Summary [nfluence Line Loading
[T Truss Panel Point Concurrent Forces Report Detailed Influence Line Loading
[ Truzs Panel Point b axirmum Forces Report O Capacity Summary -
O Capacity Detailed Computations
FE Madel for DL Analysiz
FE Model for LL Analysiz
O LL Influence Lines FE Model
O LL Influence Lines FE Actions
O LL Distrib. Factor Computations -
Selectall | [ Clearal [ selectasl | [ Clearan
[ Reset ] [ Clear ] [ Open Template ] [ Save Template ] 0K ] [ Apply ] [ Cancel

Sit on the superstructure definition and launch the analysis.

The software develops the 3D model using the member alternative ———
Eridge Workspace - 5TL8 |i”£”£|

£ e LRFD-5-2010 -~

; = Impact / Dynamic Load Allowance

- 2% Load Case Description

- & Framing Plan Detail

- ' Structure Typical Section

- = Superstructure Loads

[ Connectors

[_ Shear Connector Definitions

(2] Stiffener Definitions

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. ... (23 MEMBERS
g I Gl
& Member Loads
...... A Supports

= [Z] MEMBER ALTERNATIVES
I Left Bxterior Girder ()
Spec checking and rating is only performed for member alternatives g I
...... & Member Loads

& Supports
= (3 MEMBER ALTERNATIVES
(G- I ROS20E QD
G I G3
...... <& Member Loads
...... & Supports
= [ MEMBER ALTERMATIVES
- I RightlInterior Girder (C)
S T G4
...... & Member Loads
...... " Supports
=1 [ZJ MEMBER ALTERNATIVES

- 1 Right Exterior Girder (C)
0. (] BRIDGE ALTERNATIVES v

marked as Existing. For this sample bridge, the spec checking will

m

only be performed for the member alternative for member G2.

Last Modified: 8/16/2016 8



3DFEM2 - Single Span Steel 3D Example

The following shows the output files created by the 3D LRFD design review. Similar files are created for a 3D Std

rating.
M STLE = || = =]
=-5TLA -

= LAFD-5-2010
B AASHTO_LRFD_3D
= G1
: ‘... Left Eteriar Girder
£ G2
(- LRFD-5-2010
Spec Check Results

m

i Right Interior Girder

m

Fiight E=terior Girder

- 51 Span 30 Model

- 51 Span 30 FE Model Graphics
- 51 Span 30 Model Actions

- 52 Span 30 Model

- 52 S5pan 30 FE Model Graphics
- 52 Span 30 Model Actions

- 53 5pan 30 Model

- 53 Span 30 FE Model Graphics
- Log File i

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.
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3DFEM2 - Single Span Steel 3D Example

ﬁModelVlewer EI@

File  Tools  Help

CHR A @9 a e ms OLF

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/InfluenceSurfaces.sur. An influence surface for viewing can be chosen by selecting

Tools/Change Influence Surface and then selecting desired actions.
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3DFEM2 - Single Span Steel 3D Example

I Influence Suface Information i

Bridge 1D: STLE

Bridge: LRFD-Rolled Beam-0 deg Skew
Superstructure Definitior; | LRFD-5-2010

User: Bridge

MBI Structure 1D: 5TL8

Bridge Altermnative:

Date: Tuesday, August 16, 2016 14:12:50

Influgnce Suface Selection

Girder: Deck Node: Action: Face:

(1] ] [ Cancel

&m Viewer =@ % |

File Tools
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3DFEM?2 - Single Span Steel 3D Example

Tabular results and spec check details can be viewed for the member alternatives that were analyzed.

Preliminary v|)ﬂhi§¥oﬂah"‘f—|

B s Iy 12

RA2IE -

Bridge Explorer (27 Bridge Design/Rating bridges retrieved for the current folder, all rows retrieved)

Bridge Workspace - STL8

M STLS

- [ Materials

@ [ Beam Shapes

[ [ Appurtenances

[E [Z1 Diaphragm Definitions

[Z0 Lateral Bracing Definitions
j Impact / Dynamic Load Allowance

MPF LRFD Multiple Presence Factors

(Z Factors

(23 LRFD Substructure Design Settings

ES Envirenmental Conditions

- OF  Design Parameters

g (2 SUPERSTRUCTURE DEFINITIONS

B bf LRFD-5-2010

—1 Impact/ Dynamic Load Allowance
2 Load Case Description

ZF Framing Plan Detail

OLS Diaphragm Loading Selection
£ Structure Typical Section

& Superstructure Loads

- [ Connectors

------ [Z3 Shear Connector Definitions

[ [ Stiffener Definitions

S (1 MEMBERS

I Gl

I G2

------- 2+ Member Loads

& Supports

®
Y
=

o Analysis Results - LRFD-5-2010 =N =R
Report Tupe Stage Dead Load Caze
Dead Load Actions w | | Non-composite [Stage 1) % | | Self Load [Stage 1:0.0C). L")
Span Location] % | Moment} Shear| Axial| Reaction| X Deflection | % Deflection
_ (ft) Span | (kip-ft) | (kip) | (kip) | (kip) (in) (in)
1 . 0.0000
1 3.51: 10.0 5.89: 1.45: 0.00 0.0000 -0.0105
1 7.031 20.0 1047 0 1121 0.00 0.0000 -0.01928
1 10.54 : 300 1374 075: 0.00 0.0000 -0.0271
1 14.05 ¢ 40.0 15.70 ¢ 0.37: 0.00 0.0000 -0.0317
1 17.56 ¢ 50.0 16.36 | -0.00 ¢ 0.00 0.0000 -0.0333
1 21.08 ¢ 80.0 15.70 : -0.37 { 0.00 0.0000 -0.0317
1 2458 700 1374 -0.75: 0.00 0.0000 -0.0271
1 28.10 ¢ 80.0 10,47 -1.12 ¢ 0.00 0.0000 -0.0188
1 31.61 ¢ 90.0 589 -1.45: 0.00 0.0000 -0.0105
1 35.13 { 100.0 -0.00: -1.86: 0.00 1.88 0.0000 -0.0000
AASHTO LFR Engine Yersion B.6.0.3003
Analysiz Preference Setting: None
Close
£ >

Fuit Wiatenals
Impact / Dynamic Load Allowance

Proliminary v 2 72 L1 @ 0 5 T & B e | D W | B

I E| A 2B -

Bridae Explorer (27 Bridae Design/Rating bridaes retrieved for the current folder, all rows retrieved

o

e Dy STLE
b [ Materials
- (11 Beam Shapes
- (11 Appurtenances
- (2 Diaphragm Definitions

Specification Checks for LRFD-5-2010 - 30 of 366

(23 Lateral Bracing Definitions
1 Impact / Dynamic Load Allowance
e LRFD Multiple Presence Factors
[ Factors
(0 LRFD Substructure Design Settings
€¢ Environmental Conditions
O Design Parameters
(£ SUPERSTRUCTURE DEFINITIONS
Er- b LRFD-5-2010
— Impact / Dynamic Load Allowance
- 2+ Load Case Description
- & Framing Plan Detail
- L5 Diaphragm Loading Selection
« X Structure Typical Section
- 2 Superstructure Loads
(1 Connectors
(Z2 Shear Connector Definitions
(Z Stiffener Definitions
- [ MEMBERS

IGl
= I G2
2t Member Loads
& Supports
& A

- Superstructure Component
{1 stage1l
{1 Stage2
=] Stage 3

£-{31 LRFD-5-2010
.(11 Span1- 0001t

- Span1- 2511t
- Span1- T.03ft
- Span1- &7Bf
(0 Span1- 10.541t.
(2 Span1- 1405t

P Span 1- 17561

(20 Span 1- 21081t

[ Span 1- 24591t
[ Span 1- 26.341t.
[ Span1- 28101t
[ Span1- 3161 ft.
[ Span1- 3513t

Specification Reference
+ 10.48.1 Noncomposite Compact Section

10.48.1.1 Noncomposite Compact Section Requirements

+ 10.48.2 Braced Noncompact Sections

10.48.2.1 Cross-section requirements

Né 10.48.3 Noncompaosite Transition Section

+ 10.48.4 Noncomposite Noncompact Partially Braced Members
1042.4.1.Cb Noncomposite Ch Calculation

10.42.4.1.Mr Noncompesite Mr Calculation

10.48.4.1.Rb Noncomposite Rb Calculation

+ 10.48.8 LFD Shear Calculations

14 10.50.1.1.2 Composite Compact Positive Moment Section

N& 10.50.1.2 Noncompact Positive Moment Members

N4 10.50.1.2.Rb Composite Rb Calculation

N4 10.50.2.1 Composite Compact Negative Moment Section

N& 10.50.2.2 Noncompact Negative Moment Members

NA 10.50.2.2 Composite Cb Calculation

Né 10.53.1.2 Braced Noncompact Hybrid Sections

' 6B.4 Steel Combined Moment and Shear

 6B.4 Steel Flexure Moment

X 6B.4 Steel Flexure Overload

' 6B.4 Steel Flexure Stress

' 6B.4 Steel Shear Stress

Depth of web in compression in the Elastic Range (Dc)

First Vield Moment (My) Calculations for All Sections

 LFD General Steel Flexural Results

LFD Steel Elastic Section Properties

Plastic Moment (Mp) for Composite Sections in Negative Moment
Plastic Moment (Mp) for Compasite Sectiens in Positive Moment

Limit State

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

Pass/Fail A
Passed

General Comp.
Passed

General Comp.
Not Applicable
Passed

General Comp.
General Comp.
General Comp.
Passed

Not Required
Not Required
Not Required
Not Required
Not Required
Not Required
Not Required
Passed

Passed

Failed

Passed

Passed

General Comp.
General Comp.
Passed

General Comp.
General Comp.
General Comp. v

— Impact / Dynamic Load All
U

Lovi o ai o
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3DFEM?2 - Single Span Steel 3D Example

The analysis settings window is shown below.

Analysis Settings

() Design Review (®) Rating

Rating Methad: |LFD v |
Analpsis Type:
| Line Girder W |
Lane/lmpact Loading Type:
|"5‘S Requested ~ | Apply Preference Setting: | MNone v |
Yehicles | Output | Engine I Descripti0n|
Traffic: Direction: B
| Refresh | | Temporary Yehicles. .. | | Advanced... |
Vehicle S election: Wehicle Summary:
(=N \"'.ehicles A Add t_D =N F!_ating ‘Wehicles
[l Standard Operating EI Inwventory
- lternate Militay Loading i e HS 2044
- H 15-44 [=)- Operating
- H 20-44 - HS 20-44
- HS 15-44 A - Legal Operating
- HS 20(51) '?'“m - Perrrit Inwerton
0-44 e i Permit O perating
.. NEL Analyzis
.. SU4 o
.. 5U5
.. SUE
.. SUT
- Type 3
- Type 3-3
- Type 352 v

| Fieset | | Clear | | Open Template | | Save Template | | Ok || Zpply || Cancel

The results of the HS20 rating are shown below.

Repoit Type Lane/Impact Loading Type Display Format

Raling Results Summary v @®AsRequested () Detsled | Single rating level pet row v

5 h Ratin ¥ Load Ratin ; Location| Location S
e Losd| 0 2] etmoa| Lover | cton | RatmaFactr] ") somiagy | mtStte | irpsct o
’ | 1-(50.0) Service - Steel 5 AS Reguested As Requested

HS 20-44 Lane LFD | Operating | 4.10 ! 2058 17.58[ 1-(50.0) !Service - Steel : As Requested | As Requested |
HS 20-44 | Axle Load | LFD | Inventory | 02| 0889 | 21.08. 1-(80.0) Service - Steel  As Requested ' As Requested |
HS20-44 | AxleLoad | LFD Operatng | 5347 1485 2108 1-(600)Service - Steel  As Requested ' As Requested |
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3DFEM2 - Single Span Steel 3D Example

3D Model

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

packages.

Steel beams are modeled with:

o Shell elements for the deck
e  Beam elements for the top and bottom flanges

e Shell elements for the web

Deck (Shell Elements)
<, S v R

A Rigid Links

| ! Flange (Beam E|ement5’)—L — ¢

Web (Shell Elements

Flange (Beam Elements) s et )

. Partial Elevation View of
Section Model

Reinforced concrete beams are modeled with:

e  Shell elements for the top flange

e Beam elements for the girder
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3DFEM?2 - Single Span Steel 3D Example

| | Deck/Top Flange (Shell Elements)

e -

I ]
A

1

Beam Elements at c.g. of

beam Rigid Links

Reinforced Concrete Section Partial Elevation View of
Model

Prestressed concrete beams are modeled with:

e  Shell elements for the deck

e  Beam elements for the girder

Deck (Shell Elements)

T + . eeEe—
— |

Beam Elements atc.g. of _y
beam

Rigid Links

Partial Elevation View of
Model

Prestressed Section
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3DFEM2 - Single Span Steel 3D Example

The moment at a beam cross section is calculated by solve 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)

< < 7

A Rigid Links

N Vﬂange (Beam |5|emem§rL _t
| f—

4— Element

Nodal M
Web (Shell Elements| Forces

—
o
—>

‘ Flange (Beam Elements) o —o—————————

. Partial Elevation View of
Section Model
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3DFEM2 - Single Span Steel 3D Example

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

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.

3 shells between beams, target aspect ratio = 2 4 shells between beams, target aspect ratio = 1
[ Vodel Viewer e e s o=l | 4 Model Viewer = | 5 )

File  Tools File  Tools
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3DFEM2 - Single Span Steel 3D Example

Loading

The program computes all of 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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