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3DFEM6 — Axial Rigidity Coefficient Example

AASHTOWare Bridge Design and Rating Training
3DFEM6-Axial-Rigidty-Coefficient-Example

Topics Covered

e Modifying 3DFEM2-Single-Span-Steel-3D-Example bridge

e Steel Diaphragm Connection Data Entry with Axial Rigidity Coefficient (ARC)
e  Steel Diaphragm Spec Check Comparison

Features (Introduced in version 7.6.0 as a part of the LRFD 10th edition spec updates):

e LRFD/LRFR Axial Rigidity Coefficients

LRFD/LRFR aaal rigidity coefficients
Section

Member Shape orientation Section location Material Non- Composite  Compaosite

composite (long term) | (short term)

» Lawdel/2 > | Veriical “ | Top Left v | Fy=33ks v
ch L dxdx1/2 ~ | Vertical ~ | Top Left “ | Fy=33ks ¥
AD L dxdx1/2 ~ | Vertical » | Top Left ~ | Fy=33ks ¥
CB L dxdx1/2 ~ | Vertical ~ | Top Left “ | Fy=33ks ¥

This tutorial demonstrates how to input Axial Rigidity Coefficients for different diaphragm members. In the 10
edition of the LRFD specifications, section 4.6.3.3.4c introduces equivalent axial rigidity in cross frame members.
This gives the user the option to scale the axial terms from the stiffness matrix for steel cross frame members. Prior to
version 7.6.0 of BrDR, users did not have the ability to enter in ARC coefficients for diaphragm members, as ARC
values are introduced in the 10* edition of the LRFD specifications. In version 7.6.0 and beyond, the users will have
this option. This may impact the computed axial forces within the diaphragm members. For single angle and
horizontally oriented T-shaped diaphragm members, if the user does not enter axial rigidity coefficients, default values
of 0.65 or 0.75 for non-composite or composite members respectively will be assumed. These default values are
derived from section 4.6.3.3.4c of the specifications which state “the equivalent axial rigidity of single-angle and
flange-connected tee-section cross-frame members to be taken as 0.65AE in the analysis model for the non-composite

condition during construction.” Additionally, “taken as 0.75AE in the analysis model for the composite condition.”

This bridge is a single span steel girder system with four rolled steel girders. Follow the steps to modify the structure
definition. Two diaphragm member types, one with axial rigidity coefficient values < 1.0 and one with axial rigidity
coefficient values = 1.0 will be input by the user and those results will be compared. Then one of the diaphragm
member definitions will be modified, so that default behavior for axial rigidity coefficient values for single angle or

horizontally oriented T-shaped members can be observed.
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Modifying Steel Girder Bridge

Go to AASHTO’s website to access the training files: https://aashtowarebrdr.org/bridge-rating-and-design/training/.

Then, right click on 3DFEM2 — Single Span Steel 3D Example and select Save link as...

. Bridge Design and Rating ¥ User Group v  Bridge Design & Rating Personnel v News f
EBRIDGE ] f]

RATING

Structure & Analysis Specific v

Analysis v

@ 3DFEM1 - Diaphragm Spec Checking |wal 3DFEM1 — Diaphragm Spec Checking

@ 3DFEM2 - Single Span Steel 3D Exam[{e n;j 3DFEM2 - Single Span Steel 3D Example

Open link in new tab

m 3DFEM3 - Curved Steel 3D Example [si] 3DFEM3 - Curved Steel 3D Example

. N i Open link in new window
m 3DFEM4 - Curved Steel Multi-Span 3D Example |w] 3DFEM4 - Curved Steel Multi-S

Curved Steel Multi-Span 3D Example Input Spreadsheets

[£) 3DFEMS - Mesh Generation and Dead Load Analysis Example [] 3DFEMS - Mesh [ save fink a5
Analysis Example

Open link in incognito window

Copy link address
@ 3DFEMS6 - Axial Rigidity Coefficient Example with BrDR 7.6.0 ma] 3DFEM6 - Axial Rig
BrDR 7.6.0 Inspect

m ADJ1 - Analysis with Adjacent Lane Routine Traffic Example

[ Fanarine Nvarride

Once this is saved, it can be accessed in the next step to import into BrDR. From the Bridge Explorer, import the

3DFEM2-Single-Span-Steel-3D-Example.xml file

-
|
[m]
X

ﬂ AASHTOWare Bridge Design and Rating

BRIDGE EXPLORER BRIDGE FOLDER RATE TOOLS VIEW HELP

u‘@@é@ % [

New Open © eatch v Find Copy Copy Delete
Tov
Bridge Manage
5.7 Favorites Folder
[ Recent Bridges :
€cent bridg A~ Bridge ID Bridge Name
# Al Bridges [
# sample Brigges > 1 TrainingBridge1 Training Bridge 1(LRFD) a
- [ Deleted Bridges ETEd 2 E
2 TrainingBridge2 Training Bridge 2(LRFD)
3 TrainingBridge3 Training Bridge 3(LRFD)
4 PClTrainingBridge’ PCl TrainingBridge 1(LFR)
5 PClTrainingBridge2 PClTrainingBridge2(LRFD)
6 PClTrainingBridge3 PCl TrainingBridge3(LFR)
7 PClTrainingBridge4 PClITrainingBridged{LRFD)
8 PClTrainingBridge> PCI TrainingBridge5(LFR)
Q  DrITrsininARridaal D1 TesininAaRrid~afil DEMY v
o G [ ]
Total Bridge Count: 32
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Modify Superstructure
Change the Bridge ID and NBI structure ID, Axial Rigidity Coefficient Training, and Name to Axial Rigidity
Coefficient Training. Click OK to apply the changes and close the Bridge window.

{' & S8 - o X

Bridge Workspace View

Template Superstructures

Bridge ID:] Toidity Coefficient Training NBI structure ID (8): Jigidity Coefficient Training Bridge completely defined Culverts

Substructures

Description Description (cont'd) Alternatives Global reference point Traffic Custom agency fields

Mame: I Axial Rigidity Coefficient Tralm"n{ I Year built:

Description:

Location: Length: ft
Facility carried (7): Route number:

Feat. intersected (B): Mi. post:

Default units: US Customary

Bridge association...

poply  Cance

Next, change the superstructure name by double clicking on the superstructure definition and changing the name
to Diaphragm spec checking. Then select OK to apply the changes and close the Girder System Superstructure

Definition window.

Bridge Components
= & Axial Rigidity Coefficient Training

+ 2 Components

I [ Diaphragm Definitions
2 Lateral Bracing Definitions

— nef LRFD Multiple Presence Factors
Ec Enwironmental Conditions

OF Design Parameters

=- =) SUPERSTRUCTURE DEFINITIONS
| ’ LRFD-5-2010
= ERIDGE ALTERNATIVES

B O LFR (E) (C)
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3DFEM6 — Axial Rigidity Coefficient Example

| @ Girder System Superstructure Definition - [m] X
| -
Definition  Analysis  Specs  Engine
Mame: Diaphragm spec checking | Modeling
4 Simple Rolled Steel Girders
With frame structure simplified definition
Description:
Deck type:
Default units: US Customary  ~ Enter span lengths For PS/PT only
along the reference R
Number of spans: 1 line: werage humidity:
Number of gird 4 7 Length *
i
umber of girders § Span | 119
f
Member alt. types
> 35125 ' P
p/S
RIC
Timber
Horizontal curvature along reference line
Superstructure alignment
h

Next, open the Framing Plan Detail window by expanding Diaphragm spec checking and double-clicking
Framing Plan Detail. Go to the Diaphragms tab and assign each diaphragm to —Not Assigned— for the
diaphragm definition.

Bridge  Components

S Axial Rigidity Coeflicient Training
9 Components
2 Diaphragm Definitions A Stucture Framing Plan Details
[ Lateral Bracing Definitions

— rer LRFD Multiple Presence Factors

£¢ Environmental Conditions Number of spans: Number of girders:
— or Design Parameters
£ SUPERSTRUCTURE DEFINITIONS Layout [ Diaphragms | Lateral bracing ranges

1 4y Disphragm spec checking

-} impact/Dynamic Load AlOWant Gy pay Copy bay to.. Diaphragm
2 Load Case Description wizard
Start End
BSC Eracing Spec Check Selection Support distance e e e =t distance Load
- T3 Structure Typical Section number [ SPAGNG o chaces ) () (kip) B
o Superstructure Loads Left girder  Right girder Left girder  Right girder
- @ Shear Connector Definitions
% @ Stiffener Definitions 21 0 0 0 1 0 0 0 Isnuumymmuate J
@ ) MEMBERS 1 0 0 17.5625 1 175625 17.5625 17.5625 End/intermediate
= [ BRIDGE ALTERNATIVES

& @FRE © 1 35125 35125 0 1 o 35125 35125 I ot Assigned-- l

New Duplicate

oK Apply

Delete

Cancel
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4 Structure Framing Plan Details

Number of spans:

Layout Diaphragms Lateral bracing ranges

Girder bay: 1

Support distance
number
Left girder
201 ™ 0
1 0

1 35.125

Number
of spaces

Disphragm
wizard
End
Length distance
(U] ()
Left girder  Right girder
0 0 0
17.5625 17.5625 17.5625
0 35,125 35.125

Load
(kip)

--Not Assigned--

--Not Assigned--

--Not Assigned--

New Duplicate

OK Apply

Delete

Cancel

Repeat this step for Girder Bay 2 and 3. If this window appears when switching between girder bays, select Yes

and continue.

Bridge Design & Rating

Data in this grid has changed!

Do you want to save this data before switching to another Girder Bay ?
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Verify that all girder bays have —Not Assigned-- selected for the diaphragm location and select OK to apply the

changes and close the Structure Framing Plan Details window.

& Structure Framing Plan Details

Number of spans: Number of girders:

Layout Diaphragms Lateral bracing ranges

Start
Support distance
number ()

Copy bay to...

Diaphragm
spacing

()
Left girder

Right girder
0 0 0

0 0 17.5625

35.125 35.125 0

Diaphragm
wizard..
End
Number Length distance

of spaces M L]
Left girder  Right girder
1 0 1] 0
1 17.5625 17.5625 17.5625
1 0 35.125 35.125

Load
(kip)

--Not Assigned--
--Not Assigned--

Diaphragm

I --Not Assigned--

Duplicate Delete

Apply Cancel

Next, delete the diaphragm definition by expanding the Diaphragm Definitions folder, then right clicking

End/Intermediate and selecting delete. If the confirmation window pops up, select Yes and continue.

Bridge Components

i

=~ ¢y Axial Rigidity Coefficient Training
L

f- £ Components

=2 i

= ﬂ Lateral Bracing Definitions

- HPF LRFD Multiple Presence Factors
— EC Environmental Conditions

— DF Design Parameters

= &) SUPERSTRUCTURE DEFINITIONS
B Arrf Diaphragm spec checking

— 2k 1pad Case Description
— &F Framing Plan Detail
2 Bracing Deterioration

— T Structure Typical Section
— oy Superstructure Loads

#- [ stiffener Definitions
&- [ MEMBERS
= &3 BRIDGE ALTERNATIVES
s~ @LFRE) )

Last Modified: 7/13/2025

- j Impact/Dynamic Load Allowance

Bridge Design & Rating

A Are you sure you want to delete End/Intermediate?

— BSC Bracing Spec Check Selection

— [ shear Connector Definitions

No
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Diaphragm member steel shapes

Next, the Steel shapes need to be added to use for the diaphragms. In the Components tab of the Bridge Workspace,
expand the Beam Shapes folder, then expand the Steel Shapes folder, then the expand Channels folder, finally right
click and delete the C 15x33.9 shape as this will not be needed anymore.

Bridge Components

X
& &) Components

- 3 Appurtenances
2 B3 Generic
L de TYPE 115 (Mod)
& Median
&) Parapet
~ 2 Railing
£l &) Beam Shapes
i- [ Prestress Shapes
- &) Steel Shapes
& Angles
- &) Channels
| €533
& 15pes [ Open
T 27Wro1| -
t T 27wriol 2 <P
— B Tees | IJ Duplicate
& 2 Timber Shapes Delete
#- @ Connectors B Analyze
£~ &) Factors
- B LR J
% LFE 2002 AASHT @ View Detailed Report
- B8 LRFD &) General Preferences

|~— L8EL 2010 AASHT ,
| LRFE 2007 (2009 E3 Close Bridge Workspace

B B LRFR '

@ View Summary Report

Bridge Design & Rating b4

A Are you sure you want to delete C 15x33.9?

.
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Next double click on the Angles folder or right click and select new to open the Steel Angle window.

Workspace =

Bridge Compaonents

= 3 Com ponents
B B Appurtenances
=8 &2 Generic
L g TYPE 115 (Mad)
----- = Median
----- |} Parapet
----- [ Railing
= &3 Beam Shapes
- @ Prestress Shapes

= |73 Steel Shapes
----- = Angles
----- &) Channels

- | | Shapes
| T 27TWF91
T 27wWF106
----- 3 Tees
- @Timber Shapes
- @'Conn ectors
= =) Factors
- & LFR
----- LFR 2002 AASHTO 5td. Specifications
- & LRFD
----- LRFD 2010 AASHTO LRFD Specifications
""" LRFD 2007 (2009 interim) AASHTO LRFD Specific
- & LRFR
L. LRFR 2008 AASHTO LRFR Specifications
----- [ LRFD Substructure Design Settings
B & Materials
----- @Aluminum
- |22 Concrete
----- T Fc=2.500 ksi Assigned for 1932 Concrete
----- @ Prestress Bar
----- [ Prestrass Strand

Then select Copy from library...

@M Steel Angle = a X

Mame:

Description:

Dimensions Properties

Tan alpha:

Copy to library... Copy from hbrary... OK Apply Cancel
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Scroll down to select L. 3x3x3/8. Make sure to select the shape where the Year is 2011. Then select OK to close the

Steel Shape Selection window.

M Steel Shape Selection * :
Library Unit system :
© standara 51 :

Agency defined o us |

|

Shape Year Depth (in) Load (Ib/ft) Sux (in™3) :

L 3x3x1/4 2011 3 49 05683919 0

L 3x3x0.3125 1994 3 6.09999%9... 0.70726 '] :

L 3x3x5/16 2011 3 60999999, 0.7009346 :

>[ U3 T 3 72 08270321 [
L 3x3x0.375 1994 3 72 0.8333333

| IITHE 11 2 032 M aAEnINg v o

b,

Then select OK to close the Steel Angle window.

& Steel Angle - a X

Name: L 3x3x3/8

L 3x3x3/8 Imported from AISC Tables (2011)
Description:

Dimensions Properties

0.884 Tan alpha:

in

in

Copy to library... Copy from library... Apply Cancel

Repeat these steps to add a W 12x22 shape, again making sure the Year is 2011. The Components tab should now
have the L 3x3x3/8 and W 12x22 shapes added to the Beam Shapes folder.
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Bridge Components
=- 3 Components
= 3 Appurtenances
- &) Generic
- e TYPE 115 (Mod)
- &) Median
~ &) Parapet
— 2 Railing
£ (&) Beam Shapes
it 2 Prestress Shapes
&) Steel Shapes
- lB Angles

&) | Shapes
r T 27WE91
- 27TWF106
[ T W12x22']
- e
& 2 Timber Shapes
#- 2 Connectors
B 5 Factors

B LR
' L5 2002 AASHTO Std. Specifications
& RFD
|— LEFL 2010 AASHTO LRFD Specifications
- L&( 2007 (2009 interim) AASHTO LRFD Specific
& LRFR
' L&F5 2008 AASHTO LRFR Specifications
2 LRFD Substructure Design Settings
=- &) Materials
- Aluminum
&) Concrete
T Fc=2.500 ksi Assigned for 1932 Concrete
@ Prestress Bar

Last Modified: 7/13/2025
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Diaphragm Definitions
Navigate back to the Bridge tab of the Bridge Workspace, double click the Diaphragm Definitions folder to open

up the Diaphragm Definitions window.
Workspace X

Bridge Compaonents
B D Aial Rigidity Coefficient Training
# [T Components
- [EF Lateral Bracing Definitions
MFF LRFD Multiple Presence Factors
ES Environmental Conditions

oF Design Parameters

= |5 SUPERSTRUCTURE DEFINITIONS

= b Diaphragm spec checking

----- = Impact/Dynamic Load Allowance
----- i Load Case Description

----- A Framing Plan Detail

----- [ Bracing Deterigration

----- BSC Bracing Spec Check Selection
----- 1 Structure Typical Section

----- 2 Superstructure Loads

----- [E7 Shear Connector Definitions
E" [ stiffener Definitions

- [ MEMBERS

= |53 BRIDGE ALTERNATIVES

B LR (E) (O)

Leave Type 1 selected for the diaphragm type and enter in the following data, then select OK.

& Disphragm Definitions
Name: Type 1 Diaphragm - ARC = 1.0 Diaphragm type: Number of elements in fixed member: 1
Tension-only diagonal system
Members  Connections

Diaph types:
iaphragm types: LRFD/LRFR axial rigidity coefficients

Section
A B Member Shape C Section location Material Non- Composite | Composite
composite  (long term)  (short term)
> AB Vertical 1 1 1
D Vertical Top Left 1 1 1
Type: 1
AD Vertical Top Left Fy= 33 ksi (fs=18 ksi) 1 1 1
g CB Vertical Top Left Fy= 33 ksi (fs=18 ksi) 1 1 1
! c D
{ Type: 2
H
| A B
| %%;EE
§
c D Support o Measured
| Type:2 Connection o ) trom
1
¢ > A Pinned 4| Top of Web
1 A B B Pinned 4| Top of Web
] +
| c Pinned 4| Bottom of Web
| D Pinned 4| Bottom of Web
1 Type: 4
}

Last Modified: 7/13/2025 11
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Repeat these steps to add a second diaphragm definition, this time with some ARC values < 1.0.

& Digphragm Definitions - 0

_

Name: Type 1D <10 Diaphragm type: Number of elements in fixed member:
Tension-only diagonal system

Members Connections

Diaph: types:
iaphragm types: LRFD/LRFR axial rigidity coefficients

Section
A B Member Shape oliessinton Section location Material Non- Composite ~ Composite
{ composite  (long term)  (short term)
| > AB Vertical 1 085 085
| D Vertical Top Left 1 078 0.78
Type: 1
AD | L3x3x3/8 Vertical Top Left 1 078 078
A B B | L3ax3m Vertical Top Left Fy= 1 078 078
|
| c )
| Type:2
i
| A B
|
| c ; D 5 Support ¥ Measured
onnection r
| Type:3 type (in) from
> A Pinned 4 Top of Web
|
| N s ] Pinned 4 Top of Web
£ 4 Pinned 4 Bottom of Web
D Pinned 4 Bottom of Web
Type: 4

The following sketch from the AASHTOWare BrDR Help illustrates the Section Orientation and Section Location

selection. This can be accessed by hitting the F1 key on this window.

— EEm——
[ AASHTOWare BrDR - Help - [u] X
& -
Hide Back Options
Select a steel beam shape for the member. Choose from previously defined members.
Cortents | Index  Seareh | A
Type in the keyword to find Section Orientation
I Select the orientation. Choices are Vertical and Horizontal
List Topies Vertical: Y-axis of the shape is parallel to the Y-axis of the section (see below).
Select Topic to display: Y
Y
Il:I %
Horizontal: Y-axis of the shape is parallel to the X-axis of the section (see below)
Y
X
”
‘ >
Section Location
| Select the location. {see table below)
Shape Choices
IShapes | No choices, Section Location disabled
Choices are top left, Top Right, Bottom Left and Bottom Right (see below)
Y
Top Left Top Right
Angles X
| Bottom Left Bottom Right
o For Vertical Section Orientation: Choices are Left and Right (see below)
Display Y v
N
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The two new diaphragm definitions should now be located within the Diaphragm Definitions folder.
u Eridge Workspace - Axial Rigidity Coefficient Training

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW HELP

ped
=
Analysis

Settings

Analysis Results

Report Schematic
Workspace X

Bridge Companents
= T Axial Rigidity Coefficient Training
G- @Componenu
=} |3 Diaphragm Definitions
----- = Type 1 Diaphragm - ARC = 1.0
----- = Type 1 Diaphragm - ARC's < 1.0
----- [ Lateral Bracing Definitions
----- MFF LRFD Multiple Presence Factars
----- EC Environmental Conditions

----- OF Dwesign Parameters

- &) SUPERSTRUCTURE DEFINITIONS

- b Diaphragm spec checking

----- = Impact/Dynamic Load Allowance
----- 2 Load Case Description

----- A2 Framing Plan Detail

----- [ Bracing Deterioration

----- BSC Bracing Spec Check Selection
----- ﬁ Structure Typical Section

----- 2 Superstructure Loads

----- @ Shear Connector Definitions
#- [ Stiffener Definitions

- [ MEMBERS

= |53 BRIDGE ALTERMATIVES

- M LFR (E) (C)

Last Modified: 7/13/2025 13
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Framing plan details — Diaphragm spec checking

Now that the diaphragm definitions have been added to the Bridge Workspace, they can be assigned to the exisiting
diaphragm locations. Double click on Framing Plan Detail to open up the Structure Framing Plan Details widow
for this superstructure. Click on the Diaphragms tab within this window and assign each location in Girder Bay 1

with the Type 1 Diaphragm — ARC = 1.0 definition that was created earlier.

v
& Structure Framing Plan Details

- O X
i
Number of spans: Number of girders:
|
| Layout [Diaphragms | Lateral bracing ranges
Diaphragm
; 1 v
Girder bay: Copy bay to.. i
Start End
Support distance Df"a";:g'“ Number  Length distance Load Siobraam
number (ft) F(ft) 9 ofspaces () (i) (kig) phreg
Left girder | Right girder Left girder  Right girder
1 0 0 0 1 0 0 0 Type 1 Diaphragm - ARC = 1.0 v
1 ~ 0 o 17.5625 1| 175625 173625 17.5625 Type 1 Diaphragm - ARC = 1.0 o
R 35,125 35,125 0 1 0 35,125 35125 Type 1 Disphragm - ARC = 1.0 v
New Duplicate Delete
oK Apply Cancel

After assigning each diaphragm location in Girder Bay 1 with the Type 1 Diaphragm — ARC = 1.0 definition, select
Copy bay to... and copy this data over to the other bays.

—_
& Structure Framing Plan Details = o X
|
Number of spans: Number of girders:
|
Layout | Diaphragms Latersl bracing ranges
N Ny Diaphragm
Sederber: 1 vizard..
Start End
Support distance Dfi::gm Number  Length distance Load P
number (f) p(ft) 9 ofspaces " (] (idp) phrag
Leftgirder | Right girder Left girder | Right girder
1> 0 0 0 1 0 0 0 Type 1 Disphragm - ARC = 1.0 v
1 0 0 17.5625 1) 175625 17.5625 17.5625 Type 1 Disphragm - ARC = 1.0 v
1 35,125 35125 0 1 0 35.125 35125 Type 1 Disphragm - ARC = 1.0 v
New Duplicate Delete
oK Apply Cancel
_
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If this window pops up:

Bridge Design & Rating

Data in this grid has changed!
Do you want to save this data before switching to another Girder Bay 7
Yes MNo

Select Yes and coninue. Then select Bay 2 and Bay 3, then select Apply.

& Copy Diaphragm Bay *
| |Bay2 |
Select the new bay(s): | Bay3 |
Apply Cancel

A window will pop up and ask if it’s okay to delete these diaphragms before copying. This is okay since the diaphragm

data is the same for girder bays 2 and 3. Select Yes and continue.

Bridge Design & Rating X
Diaphragms already exist for bay 2!
Do you want to delete these diaphragms before copying to this bay?
Yes No Cancel

Bridge Design & Rating *
Diaphragms already exist for bay 3!
Do you want to delete these diaphragms before copying to this bay?

Yes No Cancel

Last Modified: 7/13/2025 15
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After these bays have been successfully copied, select the drop down list for Girder bay and verify that girder bay 2
& 3 diaphragms have been assigned.

A Structure Framing Plan Details - a X
|
1
| Number of spans: Number of girders:
| oyt | Dptvogms | Lot brocing s Verify that girder bay 2 and 3
; diaphragms have been assigned.
| Girder bay: Copy bay to. wizard...
|
1 Start End
i hi
{ Support distance D‘:pac':\gm Number  Length distance Load -
1 number () D(ﬁ) g of spaces (0 () (kip) phrag
I Left girder  Right girder Leftgirder  Right girder
[ 1 0 0 0 1 L] 0 0 Type 1 Diaphragm - ARC = 1.0
| 1 0 0 17.5625 1 17.5625 17.5625 17.5625 Type 1 Diaphragm - ARC = 1.0
i 1 35.125 35.125 0 1 0 35.125 35125 Type 1 Diaphragm - ARC = 1.0

New Duplicate Delete

oK Apply Cancel

Then select OK to apply the changes and close the Structure Framing Plan Details window.

Next, double click G1 to open the Member window. Then make sure Existing and Current check boxes are checked.

Select OK to close the window.

‘Workspace 2 X Analysis
! Bridge Components B Member _ o %
= ¢ Axial Rigidity Coefficient Training
5 Compenents
2 Member name:  G1 Link with: -- Mone --

\& Diaphragm Definitions
' B2 Type 1 Diaphragm - ARC = 1.0
- 22 Type 1 Diaphragm - ARC's < 1.0
2 Lateral Bracing Definitions
rer LRFD Multiple Presence Factors
— EC Environmental Conditions Description:
or Design Parameters
+ |& SUPERSTRUCTURE DEFINITIONS
Bl 4 Diaphragm spec checking
~ _‘ Impact/Dynamic Load Allowance

— AL Load Case Description
B
&F Framing Plan Detail Ex';tm (url\ren Member alternative name Descr:\ptlo
- Bracing Deterioration
BSC Bracing Spec Check Selection ﬂ Left Exterior Girder

- T3 Structure Typical Section
& Superstructure Loads

@ shear Connector Definitions
- (@ stiffener Definitions

E- &) MEMBERS Number of spans:

Span
Span length
no.
- I G3 (ft)
B I G4 » 1 35.125

=- | BRIDGE ALTERNATIVES
B @LFRE ©

Apply Cancel

Open the remaining girders 2 through 4 to make sure Existing and Current check boxes are checked.
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Copy superstructure

Diaphragm spec checking superstructure now has a diaphragm definition assigned to each location with the ARC

values all set to 1.0. This superstructure can now be copied over and only the ARC values will need to be modified to

compare diaphragm spec check results.

Right click on Diaphragm spec checking superstructure and select Copy. Then seelct the SUPERSTRUCTURE
DEFINITIONS folder and right click to paste the superstructure.

Eridge Components
= D Axial Rigidity Coefficient Training
- [ Compeonents
= |3 Diaphragm Definitions
' B2 Type 1 Diaphragm - ARC = 1.0
' =2 Type 1 Disphragm - ARC's < 1.0
----- [ Lateral Bracing Definitions
----- MPF | RFD Multiple Presence Factors
----- EC Environmental Conditions

""" oF Design Parameters

= &3 SUPERSTRUCTURE DEFINITIONS
Bt Diaph e

..... =1 |m %:g Expand Branch

Collapse Branch

..... & Bre Open

----- BSC Br Copy |

----- i St Duplicate

..... 'lul' Su

..... @ Sh

f-- B sti

- [ ME

= [ ERIDGE A
B @M LR (E

|0

Delete

Analyze

Validate

View Summary Report
View Detailed Report
Export to PS5 Design Tool

General Preferences

Be vEeli e

Close Bridge Workspace

W eI Faramewes
- |E2 SUPERSTRUCTURE DEF*u=r=n

& vt Diaphragm spec ¢ %2 Expand Branch
- &9 BRIDGE ALTERNATIVEY Q Collapse Branch
B MLER (E) (C)

| MNew

Analyze

3

View Summary Report
Wiew Detailed Report
Wizard

Import Design Tool File

General Preferences

BelvEEe R

Close Bridge Workspace
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Now double click on the superstructure definition that was created.

Eridge Companents
= Dy Axial Rigidity Coefficient Training
- [ Components
#- [ Diaphragm Definitions
----- [ Lateral Bracing Definitions
----- MFF LRFD Multiple Presence Factors
----- EZ Environmental Conditions

----- OF Design Parameters
= (= SUPERSTRUCTURE DEFIMITIONS

=) b Diaphragm spec checking~

----- 2% Load Case Description
----- A& Framing Plan Detail
----- [ Bracing Deteriaration
----- BSC Bracing Spec Check Selection
----- 1 Structure Typical Section
----- 2 Superstructure Loads
----- [ Shear Connector Definitions
E" [ stiffener Definitions
- [ MEMBERS
=+ [ BRIDGE ALTERNATIVES
B MLFR () (O

Change the superstructure name to the following and select OK.

& Girder System Superstructure Definition _ o
Definition  Arabysis  Specs Engime
Mame: Diaphragm spec ng - with user input AR - =
Sirmyphe Rolled S
With frame structure
Description:
Deeck type:
Defautt units: US Customany Enter span lengths For PS/PT oy
along the reference
MNurnber of spans: 1 lina: Average humsdity:
%
Number of girders 4 Span | Length
)
1 35125 Member alt. types
ber
orizontal curvature along refierence line
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3DFEM6 — Axial Rigidity Coefficient Example

Framing plan details — Diaphragm spec checking — with user input ARC values

Now expand Diaphragm spec checking — with user input ARC values superstructure and double click on Framing
Plan Detail to open the Structure Framing Plan Details window.

Bridge  Components

= M Axial Rigidity Coefficient Trainingtest
i [ Components
El- &) Diaphragm Definitions
= Type 1 Diaphragm - ARC = 1.0
L = Type 1 Diaphragm - ARC's < 1.0
£ Lateral Bracing Definitions
HFF LRFD Multiple Presence Factors
- EC Enwvironmental Conditions
- DF Design Parameters
El- &) SUPERSTRUCTURE DEFINITIONS
= Ayrf Diaphragm spec checking
- j Impact/Dynamic Load Allowance
- ik Load Case Description
— &F Framing Plan Detail
- [P Bracing Deterioration
BSC Bracing Spec Check Selection
- T Structure Typical Section
- oy Superstructure Loads
- [ Shear Connector Definitions
#- @ Stiffener Definitions
&- [ MEMBERS
E- 4 Diaphragm spec checking - with user input ARC values.

—] Impact/Dynamic Load Allowance
TS

o+ Load Case Description
~ [ Bracing Deterioration
— BSC Bracing Spec Check Selection
T Structure Typical Section
- oy Superstructure Loads
~ [ Shear Connector Definitions
& [ Stiffener Definitions
& ) MEMBERS
= &) BRIDGE ALTERNATIVES
s LR (E) (©)

Switch over to the Diaphragms tab and begin assigning diaphragms to Type 1 Diaphragm — ARC’s < 1.0.

& Structure Framing Plan Details

= [m] X
Number of spans: | Number of girders:
Layout [ Diaphragms | Latersl bracing ranges
) Diaphragm
r 1
Girder bay ~ Copy bay to e
Start End
Support distance BRI | oo | distance Load .
number () T ofpaes (@ (] kip) 1ephrEam
Leftgirder | Right girder Left girder | Right girder
21~ 0 0 0 1 0 0 0 Type 1 Disphragm - ARC = 1.0 M|
1 v 0 0 17.5625 1) 7.se2s|  17.625 17.5625 Type 1 Diaphragm - ARC's < 10 ||
1 v 35,125 35125 0 1 0 35.125 35125
Type 1 Diaphragm - ARC = 1.0 |
--Not Assigned--
New Duplicate Delete
oK Apply Cancel
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3DFEM6 — Axial Rigidity Coefficient Example

Once Girder bay 1 is completed, the other two girder bays can be copied over similar to when the diaphragms were

assigned for the Diaphragm spec checking superstructure. To do this, use the Copy bay to... button like previously.

& Structure Framing Plan Details - O X
Number of spans: Number of girders:
Layout | Diaphragms Lateral bracing ranges
Diaphragm
; 1 v
Girder bay: Copy bay to.. i
Start End
Support distance Df"a";:g'“ Number  Length distance Load Siohraam
number (ft) P pou 9 ofspaces ) (f) (kig) phreg
Left girder | Right girder Left girder | Right girder
y1v 0 0 1 0 0 ] Type 1 Disphragm - ARC's < 1.0 v
1 e 4] o 17.5625 1 17.5625 17.5625 17.3625 Type 1 Diaphragm - ARC's < 1.0 v
1 35,125 35125 0 1 0 35,125 35,125 Type 1 Disphragm - ARC's < 1.0 v
|
New Duplicate Delete
oK Apply Cancel
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3DFEM6 — Axial Rigidity Coefficient Example
Diaphragm spec checking comparison

Analysis Settings
Now it’s time to set up the analysis. Open the Analysis Settings window by clicking on Analysis Settings in the

upper left corner of the Bridge workspace. Then, click on the Design review radio button. Next, click on the drop

down menu to select the Analysis type and select 3D FEM.

& ANALYSIS REPORTS Bridge Workspace - Axial Rigidity Coefficient Training

BRIDGE WORKSPACE WORKSPACE TOOLS WIEW HELP DESIGN/RATE REPORTING

3k
=iy g
\Analysis Engine
Settings Oufputs
Analysis Results
A is Settir — [m] X
Aeport Schematic Step 1 1B ngs
Warkspace
: ; - Design method: LRFD .
D Rat o
Bridge  Components O Design review 2tng
5 fMy Avisl Rigidity Coefficient Training -
[ Components Analysis type: Line Girder ~
2 Diaphragm Definitions Lane / Impact loading type: _ Line Girder Apply preference setting:  None ~
[ Lateral Bracing Definitions
HPF LRFD Multiple Presence Factors Vehide | Outout  E I ELLLER I
£ Enviranmental Conditions Step 2 Superstructure Defin]
oF e
o Design Parameters P Traffic direction:  Both directions o Refrash Temporary vehicles  Advanced
[E3 SUPERSTRUCTURE DEFINITIONS
¥rrf Diaphragm spec checking Vehicle selection Vehicle summary
\rrf Diiaphragm spec checking - with user input ARC values. . o -
9 BRIDGE ALTERNATIVES 'VE'”'SCt‘:Sd . 'DES‘S" YE":“'E;
& “Standar ‘Design loads
MUIRE ©Q Alternate Military Loading Permit loads
Fatigue loads
EV3
-HL-23 () Step 3
--HL-93 (US) Add to
HS 20 (s}
HS 20-44
- LRFD Fatigue Truck (SI)
LRFD Fatigue Truck [US)
‘Agency
-User defined
Temporary Remove from
<<
Reset Clear Open template Save template 0K Apply Cancel
1
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3DFEM6 — Axial Rigidity Coefficient Example

After 3D FEM is selected for Analysis type, click on the Design loads to select Vehicle Summary and click on
HL-93 (US) to select the vehicle, then select the > > button to add the HL-93 (US) vehicle to the Design loads.

™ Analysis Settings = O X
o Design review Rating Design method: LRFD v
|
Analysis type: 3D FEM ~ Analysis option: DL, LL and Spec-Checking v
ane / Impact loading type Apply preference setting: MNone v
Vehicles Qutput Engine Description
Traffic direction: Both directions e Refresh Temporary vehicles Advanced
Wehicle selection Vehicle summary
-Vehicles -Diesi ehicle
&-Standard
- Alternate Military Loading HL-93 (US)
- EV2 -Parmit loads
- EV3 Step 2 ----- Fatigue loads
-HL-93 (SI)
-HL-93 (US) Add to Step 1
-HS 20 (S} = =
~HS 20-44
- LRFD Fatigue Truck (SI)
----- LRFD Fatigue Truck (US)
- Aigency
~User defined
..... Temparary Remove from Step 3
<<
Reset Clear Open template Save template QK Apply Cancel
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3DFEM6 — Axial Rigidity Coefficient Example

Next, select the Output tab and make sure the following items are checked.

M Analysis Settings - [u] X
o Design review Rating Design method: LRFD v
Analysis type: 3D FEM ~ Analysis option: DL, LL and Spec-Checking v
Apply preference setting: None v

Vehicles Engine Description

— Tabular results — AASHTO engine reports

B Desd load action report & Miscellaneous reports:
Girder properties

. Live load action report

N . Summary influence line loading
Concrete limit state summary report

Detailed influence line loading
. LRFD critical loads report N

Capacity summary
u LRFD specification check report “apac !

Capacity detailed computations
. PS concrete stress report . "

@ o ervice st report B £ model for DL analysis

B steel limit state summary report B Fe modet for L analysis
LL influence lines FE madel
LL influence lines FE actions
LL distrib. factor computations
LL distrib. factor summary
Regression data
Camber
Fatigue stress ranges
Service Il stress ranges

m Specification output:

(B LRFO/LRAR conc article detailed

Select all Clear all Select all Clear all

Reset Clear Open template Save template Apply Cancel

Selecting diaphragms for spec checking
Next within the Diaphragm spec checking superstructure double click on Bracing Spec Check Selection to open

the Bracing Spec Check Selection window. Then select diaphragms 1-2 and 3-2. Then select OK to close the

window.
Workspace £ X || @ Bracing Specification Check Selection — [u] X
Bridge Components
— LR ZUUZ AMOMIU WL JPEUIGUUIS A Diaphragms  Lateral bracing
LEFL 2010 AASHTO LRFD Specifications.
— LEFL 2007 (2009 interim) AASHTO LRFD Spe Select diaphragms for specification checking in a 3D analysis:

— LEFE 2008 AASHTO LRFR Specifications
T Fc=2.500 ksi Assigned for 1932 Concrt
— T Fy= 33 ksi (fs=18 ksi)
&3 Diaphragm Definitions Bayl Bay2 Bay3
I—— = Type 1 Diaphragm - ARC = 1.0 N 141 241 341
~ = Type 1 Diaphragm - ARC's < 1.0
[ Lateral Bracing Definitions
|- ©*F LRFD Multiple Presence Factors
E¢ Environmental Conditions
- Of Design Parameters
.E SUPERSTRUCTURE DEFINITIONS
- \rrd Diaphragm spec checking
"Ir' j Impact/Dynamic Load Allowance Step 1
24 Load Case Description Step 2
— &&F Framing Plan Detail

Select all Clear all

4 Structure Typical Sec
oy Superstructure Loads
- 2 Shear Connector Definitions
- [ stiffener Definitions
= 3 MEMBERS
3 161
¥ IG
IG3
1G4
\rrd Diaphragm spec checking - with user i
=~ & BRIDGE ALTERNATIVES

#- ALFR(E) O

Apply Cancel
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3DFEM6 — Axial Rigidity Coefficient Example

Follow these same steps to add the diaphragms 1-2 and 3-2 for the Diaphragm spec checking — with user input
ARC values superstructure.

Analyzing Diaphragm spec checking superstructure

Finally, select the Diaphragm spec checking superstructure and select Analyze.
v CIVHonnen gl Lonuaiauns
oe Design Parameters

B &3 SUPERSTRUCTURE DEFINITIONS

81 4 Diaphragm spec checking - with user input ARC val
= & BRIDGE ALTERNATIVES
- ALFRE ©

&= e T I e - |

AnalysisjAnalyzef Tabular Specification Engine Save
Settings! Results Check Detail Outputs Results
Analysis Results

After the analysis has completed, open article 6.9.2.1 — Axial Compression for Diaphragm 1-2, member AD-1.

Follow these steps to open the article output.

# o Al = =

= =H| B
Analysis Analyze Engine Swe @ Specification Checks for Simple Span Structure Bracing - 19 of 596 - o X
Settings Results| Check Detailf Outputs Results

— Articles
Analysis Rem st 2 facs \) AN
ep 4: selec | &
Format
&2 3 & Properties Generate
Report Schematic Specification Check Detail | it it
Workspace © % Analysis Specification filter Report
Bridge  Components Analysis - Diaphragm spec checking | 4 Ly Superstructure Component  Specification reference Limit St |
& @ Axial Rigidity Coefficient Training | » [_yStage 1 B 1321 Design Philosophy - Limit State - General
S & Components 4 @ Analysis Event » |y Stage 2 4,62.7.1 1-Sections - Lateral Wind Load Distribution in Multibeam Brid
- e TYPE 115 (Mod) p— ‘ 4 yStage 3 B 6.10.1.1.1b Stresses for Sections in Positive Fiexure
4 m spec checki
L ;;:;";‘/8 » - | a2 X 6.13.4 Block Shear Rupture Resistance
- % 27WF106 4 © GIRDER-SYSTEM MEMBERS A8 B 6582 Tensile Resistance

Twizx2 @ G1 (Left Exterior Girder] ;e NA 682.3.1 General

L£E 2002 AASHTO Std. Specifications o NA 6.8.2.33 Tension Rupture Under Axial Tension or Compression Combir
LFT 2010 AASHTO LRFD Specifications @ G2 (Interior Girder) kg +/ 684 Tension Limiting Slendemess Ratio

ce-1 < — ——

LEFE 2007 (2009 interim) AASHTO LRFD Specific B =] ST G
LEFE 2008 AASHTO LRFR [Right Interior Girder] ce-2

NA'6.9.2.2.1 Combined Axial Compression and Flexure - General
+/ 6.9.3 Compression Limiting Slenderness Ratio

T Fc=2.500 ksi Assigned for 1932 Concrete Step 3+4: Cth on Stage 3to » 232

T Fy= 33 ksi (fs=18 ksi) 4
. Q0 Dispteagm Defodions expand that folder. Click on 1-

@ 6.94.1.1 Nonslender Element Nominal Compressive Resistance
|- = Type 1 Diaphragm - ARC = 1.0

; B 6.94.1.2 Truss Elastic Flexural Buckiing Resistance of Truss Members
2 2 to expand that folder. Click
— EType 1 Diaphragm - ARC's < 1.0 P . NA 6.9.4.1.3 Elastic Torsional Buckling and Flexural-Torsional Buckling Resi
I E t:‘:[;alﬁi';;;fp?eﬂ"“'::: i on AD-1, then double click on B 6.9.4.22 Slender Longitudinally Unstiffened Cross-Section Elements
|- e environmental Conditions the Axial Compression article. B 694220 Effective Width of Slender Elements
|- o Design Parameters 6944 Single-Angle Effective Slenderness
.E’ SUPERSTRUCTURE DEFINITIONS.

NA 6945 Plate Buckling under Service and Construction Loads
[ Steel Elastic Section Properties

T rd Diaphragm spec checking -
= & BRIDGE ALTERNATIVES
& ARG ©

input ARC values.

- Pop (long ).
Info - Populating live load results for composite (short term) (stage 3)..
Info - Populating dead load results for non-composite (stage 1)..

Info - Populating dead load results for composite (long term) (stage 2)..
Info - Populating live load results for composite (short term) (stage 3)..
Info - Analysis successfully completed!

Step 1: select Diaphragm
spec checking
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3DFEM6 — Axial Rigidity Coefficient Example

Article 6.9.2.1 — Axial Compression for diaphragm 1-2, member AD-1 has two load cases that fail the spec check

for this diaphragm member.

1 BB sSpec Check Detail for 6.9.2.1 Axial Compression - m] X
6 Steel Structures -
6.9 Compression Members
6.9.2 Compressive Resistance
€.9.2.1 Axial Compression
(AASHTO LRFD Bridge Design Specifications, Tenth Edition)

Diaphragm 1-2 AD-1 - Start Stage 3
Shape type: L
Pn (kips) = 19.08 (6.9.4.1.1)
Phic = 0.95
Pr = Phic*Pn (kips) = 18.12
Design Ratio = Pr/Axial Force
Limit Load Force Axial Design
State Comb Type Force Ratio Status
(kip)
STR-I 1 Tension — = NA
STR-I 1 Compression -20.69 0.876 Fail
STR-I 2 Tension m— — NA
STR-I 2 Compression -20.88 0.868 Fail
STR-III 1 Compression -0.54 15.247 Pass
STR-III 1 Compression -1.35 13.443 Pass
STR-IIX 2 Compression -0.94 15.247 Paas
STR-IIIX 2 Compression -1.3% 13.443 Pass
STR-V 1 Tension == == NA
STR-V 1 Compression -16.27 1.114 Pass
STR-V 2 Tension = = NA
STR-V 2 Compression -16.41 1.104 Pass
NA = This article is for compression only.
Load Combination Legend:
Code Vehicle
1 HL-93 (US):T+L
2 HL-93 (US) :Ta+L
v
OK
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The effect that the axial rigidity coefficients have is in the FE model on the cross-frame member areas. To look at
the individual beam element properties, click on Diaphragm spec checking superstructure, click on Engine
Outputs, then double click on S2 Span 3D Model to bring up the stage 2 beam properties that were calculated for
each individual beam element. Scroll to the section labeled Beam Properties. The second column shows the area of

the individual beam elements. The diaphragm member areas are shown at the bottom of this table.

F al
| ANALYSIS REPORTS Bridge Workspace - Axial Rigidity Coefficient Training ?

BRIDGEWORKSPACE ~ WORKSPACE ~ TOOLS ~ VIEW  HELP = DESIGN/RATE  REPORTING

» e o y
Analysis Analyze Tabular Specificatiol Save
Settings Results Check Detaifl Qutpyts Results
M Axial Rigidity Coefficient Training ln 52 Span 3D Mode! | - o X
Analysis R
Report Schematic ";'3['} “'9"“"“ C*’"":“ Ea"“"@ 186 [2.11000.0000/0.0000 1.75000000 1.75000000  0.0988770029000.004 0.4900.00000650  0.300 11153.848 A
— AR 187 [2.1100/0.0000 0.0000 1.75000000 175000000 0.0988770029000.004 0.490/0.00000650  0.300 11153.848
o Model Generation Node Merge Report 188 2.1100/0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300/11153.848
Bridge  Components 2 22:: i s 189 2.1100/0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300(11153.848
& @ Aol Rigidity Coeffcient Training s 190 2.1100/0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300(11153.848
g;‘l’a’:::’"em““oewm TSRS 191 [6.4800 0.0000 0.0000 4.66000000 156.00000000| 0.2733250029000.004 0.490 0.00000650  0.300 11153.848
- 37D i
= Typf, Diaphragm - ARC = 1.0 52 Span 30 Model Actions 192 00/0.0000 0.0000 1.75000000 175000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
- 2 Type 1 Diaphragm - ARC's < 1.0 S3 Span 3D Model 193 0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300 11153.848
£ Lateral Bracing Definitions 23 3pan3DEE Mods| Grptics 194 2.1100/0.0000/0.0000 1.75000000 1.75000000] 0.0988770029000.004  0.490 0.00000650  0.300/11153.848
[ ST e frmence Facom yriogroneay oot 195 21100 0.00000.0000 1.75000000 1.75000000  0.0988770029000.004 0.4900.00000650  0.300 11153.848
25 Emironmental Conditions Stability Bracing Force Report 2.1100 0. ¥ A g X 2 X A 7 .. 53.
or Design Parameters i 196 2.1100/0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300(11153.848
&5 Let Exterior Girder 197 6.4800/0.00000.0000 4.66000000 156.00000000| 0.27332500/29000.004  0.490 0.00000650  0.300(11153.848
- ' Stage 3 Spec Check Results 198 2.1100 0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.30011153.848
iaphragm spec checking - with G2 e
=3 impaci/Dymanic Load Alorel & G 199 [2.1100 0.00000.0000| 1.75000000 1.75000000 0.0988770029000.004  0.4900.00000650  0.300|11153.848
2 Load Case Description 1" Stage 3 Spec Check Results 200 [2.1100/0.00000.0000 175000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
~ & Framing Plan Detail 63 201 [2.11000.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.4900.00000650  0.300|11153.848
8 Bracing Deterioration 2 Right Interior Girder -
B il 1 Gtage 3 Spec Check Results 202 00/0.0000 0.0000 1.75000000 1.75000000] 0.0988770029000.004 0.490 0.00000650  0.300/11153.848
3] Ssichie Topleal Sectisn G4 203 |6.4800 0.0000 0.0000 4.66000000 156.00000000| 0.27332500 29000.004 0.490 0.00000650  0.300|11153.848
& Superstructure Loads - ng';‘:g";’;“;:c"g:;k it 204 [2.1100/0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650  0.300 11153.848
2 Shear Connector Definitions = G1 205 2.1100 0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300 11153.848
i ga‘:;’s‘;s["ﬁ"“"’"s AL Extrior Shee 206 |2.11000.00000.0000 175000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
§ I T rlive toad DEGbGR Feston Calculations 207 [2.1100(0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
§ I ~Live Load Distribution Factors Calculations Summary 208 [2.1100(0.00000.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300/11153.848
¥ i gj f:}‘;"e SpecCliock Results 209 [6.4800/0.0000 0.0000 4.66000000 156.00000000 0.27332500 29000.004 0.490 0.00000650  0.300 11153.848
P (il
G W ERIDGE AETERAATIVES =62 210 [2.11000.00000.0000 175000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
& aLR® O " ”l‘e;'zgﬁ',’;°:m 1.75000000 1.75000000, 0.09887700 29000.004 0.490 0.00000650  0.300/11153.848
T Etive Load Dishibiition Factos Caiculations 0 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300/11153.848
Live Load Distribution Factors Calculations Summary 213 [2.1100(0.00000.0000 175000000 1.75000000| 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
f;?;; S 214 [2.11000.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650  0.300|11153.848
= G3
& Right Interior Girder
= AASHTO LRFD .
1 Shell Properties v
< >
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In the following steps, the analysis will be run on the Diaphragm spec checking — with user input ARC values
and the scaled areas can be observed there.

Analyzing Diaphragm spec checking — with user input ARC values superstructure

To see the effect the ARC values have on the spec check results, run the same exact analysis on the Diaphragm
spec checking — with user input ARC values superstructure. The results for this superstructure can be seen in the

following screenshot

Workspace 2 X Analysis
Bridge  Components Analysis - Diaphragm spec checking  Analysis - Diaphragm spec checking - with user input ARC values,
S g Axial Rigidity Coefficient Training - v
& Components Analysis Event I -CB-1
+ & Diaphragm Definitions [ I B ) -
r S Type 1 Diaphragim - ARC = 1.0 B Spec Check Detail for 6.9.2.1 Axial Comprassion [u]
- = Type 1 Diaphragm - ARC’s < 1.0
- @ Lateral Bracing Definitions : ;;ti:;pj::;izii::mkezs
nre LRFD Multiple Presence Factors €.9.2 Compressive Resistance
— Ec Environmental Conditions 6.9.2.1 axial Compression
or Design Parameters (ARSHTO LRFD Bridge Design Specifications, Tenth Edition)
- (3 SUPERSTRUCTURE DEFINITIONS Tty Py 315 £Ye ) = R Gz &
|
4 Yot Diaphragm spec checking
41 yrrf Diaphragm spec checking - with user input ARC values. heee toes 1
= [ BRIDGE ALTERNATIVES Srees EvRes
|
B @ LFR (E) (C) pn (kips) = 19.08 (6.9.4.1.1)
Phic = 0.95
Br = Phic*Pn (kips) = 18.12
Design Ratio = Pr/Axial Force
Limit Load Force Axial Design
state Comb Type Force Ratio  Status
(kip)

1 Tension - - NA
1 Compression -17.42 1.040 Pass
Z Tension - - NA
2 Compression -17.58 1.031 Pass
1 Compression -0.88 20.653 Pass
1 Compression -1.25 14.490 Pass
2 Compression -0.88 20.€93 Pass
2 Compression -1.25 14.450 Pass
1 Tension - - NA
1 Compression -13.72 1.321 Pass
2 Tension - - NA
2 Compressicn -13.84 1.309 Pass
NA = This article is for compression only.

Load Combination Legend:

0K
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3DFEM6 — Axial Rigidity Coefficient Example

This article passes for the same diaphragm member and same load cases. For the AD-2 diaphragm member, the
stage 2 ARC value was input at 0.78 which reduced the axial stiffness on the diaphragm member. As the axial
stiffness was reduced, this reduced the axial compression for this member. To see where the coefficients are used,
open the S2 Span 3D Model file in the Engine Outputs. The areas of the individual cross frame members can be
observed. Notice that the last few diaphragm member areas have been reduced to 1.6458 in”*2 which is equal to 2.11
in"2 * 0.78.

M 52 Span 30 Maodel - O X

1¥3  [1.642% |LU.UVUL | L.UUUY| L./ 3UUUUUU LoJUUUUUU | ULUYES (/U0 29000004 U.AY0|L.00uUU6dU U.SUU[11125.848
194 1.6458 0.0000 0.0000 1.75000000 1.75000000, 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
195 |1.6458 0.0000 0.0000 1.75000000, 1.75000000, 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
196 1.6458 0.0000 0.0000 1.75000000, 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
197 5.5080 0.0000 0.0000 4.66000000 156.00000000) 0.27332500 2%9000.004 0.490 0.00000650 0.300/11153.848
198 |1.6458/0.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
199 1.6458 0.0000 0.0000 1.75000000 1.75000000, 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
200 1.6458/0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
201 1.6458/0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300 11153.848
202 11.64580.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
203 |5.5080/0.0000 0.0000 4.66000000 156.00000000| 0.27332500 29000.004  0.490 0.00000650 0.300 11153.848
204 11.6458 0.0000 0.0000 1.75000000/ 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
205 1.6458/0.0000 0.0000 1.75000000/ 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
206 1.6458/0.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300 11153.848
207 11.6458 0.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
208 |1.6458/0.0000 0.0000 1.75000000/ 1.75000000| 0.09887700/29000.004 0.490 0.00000650 0.300/11153.848
209 |5.5080 0.0000 0.0000 4.66000000/156.00000000| 0.27332500 29000.004 0.490 0.00000650 0.300/11153.848
210 1.6458/0.0000 0.0000 1.75000000/ 1.75000000 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
211 1.6458/0.0000 0.0000 1.75000000 1.75000000 0.09887700 2%000.004 0.490 0.00000650 0.300 11153.848
* 212 |1.6458 0.0000 0.0000 1.75000000 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
213 |1.6458/0.0000 0.0000 1.75000000/ 1.75000000| 0.09887700/29000.004 0.490 0.00000650 0.300/11153.848
214 11.6458 0.0000 0.0000 1.75000000| 1.75000000| 0.09887700 29000.004 0.490 0.00000650 0.300/11153.848
Shell Properties

Modifying ARC values in diaphragm definition window for Diaphragm spec checking superstructure
If the 3DFEM6-Axial-Rigidity-Coefficient-Example.xml was imported, the following steps will need to be

followed to observe the default behavior for ARC values.

If ARC values are deleted and left blank and the diaphragm members are either single angle or horizontally oriented
T-shaped, default coefficient values of 0.65 or 0.75 for non-composite or composite members respectively will be
assumed. To see this behavior, double click on Type 1 Diaphragm — ARC = 1.0, change the name to Type 1
Diaphragm, delete all the ARC coefficients, and select OK.
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‘Workspace # Diaphragm Definitions - = .

Bridge  Components Name: Diaphragm type: Number of elements in fixed member: 1
E- @ Axial Rigidity Coefficient Training
2 &3 Components
- ok TYPE 115 (Mod)
L L3u3x3/8
T 27wrot Diaphragm types:
T 27wF106 o LRFD/LRFR axial rigidity coefficients
T wiza2 ) A B Member Shape orientation | Section location Material Non- Composite | Composite
- Lf5 2002 AASHTO Std. Specifications compasite  (long term)  (short term)
— LEFC 2010 AASHTO LRFD Specifications ) = =
| Lort 2007 (2009 interi) AASHTO LRFD Specific AB | W22 v | Vertical v v | Fy=33ksils=18ks) v
LEFE 2008 AASHTO LRFR Specifications @ | L33aE v | Vertical v | Top Left v | Fy= 33 ksi (fs=18 ksi)
T Fe=2.500 ksi Assigned for 1932 Concrete Trpe: 1
T Fy= 33 ksi (fs=18 ksi)
3 (&3 Diaphragm Definitions

Tension-only diagonal system

Members  Connections Change diaphragm name

AD | L33 v | Vertical v | Top Left v | Fy=33ksils=18ks) ™

A e > €8 | L33aE v | Vertical

<

Top Left ~ | Fy= 33 ksi (fs=18 ksi) v

Type 1 Diaphragm - ARCs < 10
|- 2 Lateral Bracing Definitions é s
vt LRFD Multiple Presence Factors

|- ec Environmental Conditions Trve:2 Delete all ARC coefficients

|- or Design Parameters A 5 and leave blank.
3 SUPERSTRUCTURE DEFINITIONS
£ vy Disphragm spec checking

- =} Impact/Dynamic Load Allowance Connection

- AL Load Case Description c D

- & Framing Plan Detail Type: 3 >

- [ Bracing Deterioration

BSL Bracing Spec Check Selection

- T Structure Typical Section A

4 Superstructure Loads —_—

[ Shear Connector Definitions

E_— @ stiffener Definitions

& MEMBERS

-ty Diaphragm spec checking - with user input ARC values.

=~ [ BRIDGE ALTERNATIVES

B AuRE O Select OK.

Support ¥ Measured
type (in) from

IS

pinned v Top of Web v

Pinned v

IS

Top of Web

Pinned v

-

Bottom of Web v

onlw »
IS

Pinned i Bottom of Web -

Apply Cancel

Analyzing Diaphragm spec checking superstructure with default ARC behavior
Since this diaphragm definition is already assigned to the Diaphragm spec checking superstructure diaphragms, the

analysis can be run again without needing to change anything else. The following results can be observed for this

scenario.

B Spec Check Detail for 6.9.2.1 Axial Compression — (] Xi
6 Steel Structures &
€.9 Compression Members
6.9.2 Compressive Resistance
€.9.2.1 Axial Compression
(AASHTO LRFD Bridge Design Specifications, Tenth Edition)

Diaphragm 1-2 AD-1 - Start Stage 3
Shape type: L
Pn (kips) = 19.08 (6.9.4.1.1)
Phic = 0.95
Pr = Phic*Pn (kips) = 1B8.12
Design Ratio = Pr/Axial Force
Limit Load Force Axial Design
State Comb Type Force Ratio Status
(kip)
STR-I 1 Tension == == NA
STR-X 5 5 Compression -15.01 1.208 Pass
STR-I 2 Tension — — NA
STR-I 2 Compression -15.12 1.199 Pass
STR-IIIX 1 Compression -0.75 24.148 Pass
STR-III 1 Compression -1,07 16.916 Pass
STR-III 2 Compression -0.75 24.148 Pass
STR-III 2 Compression -1.07 16.5916 Pass
STR-V 3 Tension == == NA
STR-V 1 Compression -11.82 1.533 Pass
STR-V 2 Tension d - NA
STR-V 2 Compression -11.91 1.522 Pasas
NA = This article is for compression only.
Load Combination Legend:
v
oK
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Note, that the axial compression forces are now even lower on diaphragm 1-2, member AD-1 because axial rigidity
coefficients of 0.65 have been assumed compared to 0.78 from before. Again, looking at the S2 Span 3D Model file
in the Engine Outputs, looking at the last few beam elements, the reduced area is 1.3715 in*2 = 2.11 in”*2 * 0.65.

@S2 Span 3D Model = (m} X
185 6.4800 0.0000 0.0000 4.66000000/156.00000000| 0.27332500/29000.004 0.490/0.00000650  0.300/11153.848 A
186 |1.37150.0000 0.0000 1.75000000 1.75000000| 0.09887700/29000.004 0.490/0.00000650  0.300/11153.848
187 |1.3715 0.0000 0.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490/0.00000650  0.300 11153.848
188 |1.3715 0.0000 0.0000 1.75000000 1.75000000  0.09887700/29000.004 0.490/0.00000650  0.300/11153.848
189 |1.3715 0.0000 0.0000 1.75000000 1.75000000  0.0988770029000.004 0.490/0.00000650  0.300 11153.848
190 |1.3715 0.0000 0.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490/0.00000650  0.300/11153.848
191 |6.4800 0.0000 0.0000 4.66000000 156.00000000 0.27332500 29000.004 0.490 0.00000650  0.300|11153.848
192 |1.3715 0.0000 0.0000 1.75000000 1.75000000| 0.09887700/29000.004 0.490/0.00000650  0.300 11153.848
193 |1.3715 0.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.4900.00000650  0.300 11153.848
194 |1.3715 0.0000 0.0000 1.75000000 1.75000000  0.0988770029000.004 0.4900.00000650  0.300 11153.848
195 1.3715 0.0000 0.0000 1.75000000 1.75000000| 0.0988770029000.004 0.490/0.00000650  0.300/11153.848
196 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
197 6.4800 0.0000 0.0000  4.66000000/156.00000000| 0.27332500/29000.004 0.490/0.00000650  0.300 11153.848
198 |1.3715 0.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490/0.00000650  0.300 11153.848
199 |1.3715 0.0000 0.0000 1.75000000 1.75000000  0.0988770029000.004 0.490 0.00000650  0.300 11153.848
200 |1.37150.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
201 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
202 |1.37150.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
203 |6.4800 0.00000.0000 4.66000000 156.00000000 0.27332500 29000.004 0.4900.00000650/  0.300/11153.848
204 |1.37150.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
205 |1.37150.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650  0.300 11153.848
206 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
207 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.4900.00000650  0.300 11153.848
208 |1.37150.0000/0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650  0.300/11153.848
209 |6.4800 0.0000 0.0000 4.66000000 156.00000000 0.2733250029000.004 0.490 0.00000650  0.300 11153.848
210 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650|  0.300 11153.848
211 |1.37150.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650  0.300 11153.848
212 |1.37150.0000 0.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490 0.00000650  0.300 11153.848
213 |1.37150.0000 0.0000 1.75000000 1.75000000 0.0988770029000.004 0.490 0.00000650  0.300 11153.848
214 |1.37150.00000.0000 1.75000000 1.75000000 0.09887700 29000.004 0.490/0.00000650|  0.300/11153.848

Sl‘m“ Pranertiec g

When reducing the area for the beam elements in the FE model, this will effectively reduce the axial stiffness for the
cross-frame member beam elements which matches the intent of the 10 edition spec updates. Scaling the area
instead of scaling the modulus of elasticity ensures that only the axial stiffness is reduced and not both the axial and
flexural stiffness. The area for determining member capacities will not be reduced in the engine. This also ensures
that the scaled areas that are used to calculate the member forces will not influence the individual member

capacities.
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