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AASHTOWare Bridge Rating/DesignTraining
STL9 — Curved Steel 3D Example (BrR/BrD 6.5)
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

AASHTOWare Bridge Rating/DesignTraining
STL9 — Curved Steel 3D Example (BrR/BrD 6.5)

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.

Import the file ‘STL9 — LFDCurvedGuideSpec.xml” and open its Bridge Workspace. 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.

Open the Diaphragm Definition window shown below.

Bridge Workspace - LFD C... E@

(=~ M LFD Curved Guide Spec
----- 23 Materials

----- (1 Beam Shapes

= [ Diaphragm Definitions
=YX Frome
o B K Frame
- 7} Impact / Dynamic Load Allowance
- WF | RFD Multiple Presence Factors
[ [ Factors
- [ LRFD Substructure Design Settings
- Bt Environmental Conditions
- OF Design Parameters
=58 CI SUPERSTRUCTURE DEFINITIONS
----- b Sample
- [ CULVERT DEFINITIONS
- [0 BRIDGE ALTERNATIVES
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

The following window shows a diaphragm definition that can be assigned to locations in the Framing Plan
window. This is the same window that was introduced in 6.4.0 for 3D analysis of straight girder systems.
There are no changes to it for 6.5.0.

o Diaphragm Definition [= = [=3]

X Frame
Name:

Diaphragm types:

Diaphragm type: |TYPEl ¥

i

Section Section
Orientation Location

Vertical Top Left
Vertical Top Left
Vertical Top Left
Vertical Top Left

Type: 1 Member Shape Material

AB  |L 6x6x0.4375
CD  |L 6x6x0.4375
AD | 6x6x0.4375
CB |L 6x6x0.4375

Grade 50
Grade 50
Grade 50
Grade 50

>

[e]

(=] J
<<€
< ll<l<l<
<<€
HEA

m

Type: 2

>

M

@

Type: 3 Connection S#EEE” (i:) MT:arzumred
A Pinned V| Top of Web hd
n a B Pinned ¥ Top of Web hd
B m— C Pinned ¥ Bottom of Web |V
D Pinned | Bottom of Web V|
Type: 4

Steel bridges may contain any of the 4 types of diaphragm definitions. Straight concrete bridges may only
contain Type 4 diaphragm definitions.
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

A horizontally curved girder system Superstructure Definition can now be created in BrDR 6.5. Only
concentric girders with a constant deck width are supported. Only steel member alternatives can be created
for a curved superstructure. The following shows the new controls to describe the curved geometry.

m, Girder System Superstructure Definition = =3

Definition | Analysis | Specs | Engine

N - Sample Frame Structure
e P Simplified Definition

Diescription:  Manual does not specify the size ofthe beam in the end diaphragm so a'W 6 x93

wag agsumed. Likewise for angles in diaphragms, exact angle size was not DIz pe:
specified Concrete
Default Units: | S Customary v | Enter SpanLengths
Along the Reference For PS only
MNumber of spans: |3 = Line Average humidity
Length
MNumber of girders: 4 : el (ft) S
1 160.00
2 210.00 Mermber Alt Types
3 160.00 Steel
LlPis
Orec
[ Tireber
(ﬁnriznntal Curvature Along Reference Line \
| Horizantal curvature Distance from PCto first suppon line: #t
Sl{perstrumure Alignment Starttangent length: 0.00 it
QGuree ~ [70000
. Radius: ft
(_) Tangent curved. tangent
— A Right W
(_)Tangent. curved Direction: &l
(O Curved. tangent End tangent length: —— ft
Distance from last support line to FT: ft
Design speed: 350 mph
Superelevation: 500 %

\ /
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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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

Superstructure Alignment: Curved

The following types of horizontal alignments are supported:

Sta Ahd

Dist. From PC to
First Support Line

Dist. From Last

Support Line to PT

Superstructure Alignment:

Tangent — Curved - Tangent

End Tangent
CLBrg3 | |

PT
Sta Ahd

Start —|4—-1
Tangent

Superstructure Alignment: Curved - Tangent

gpant
i

Sta Ahd
—»

Dist. From PC to

First Support Line

End Tangent

Superstructure Alignment: Tangent — Curved

Sta Ahd
—»

Dist. From Last
Support Line to PT

Start ——e——»| pah 1
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.

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.

\
Girder starts here \
(on curve)

Girder starts here

(on tangent)
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example
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.

N
Yo,
\‘?o'( Distance from
\'&‘\I‘(J‘ last support
%, to PT [f
Superstructure ends here ,f
WS- ST T et
e‘q.e - \'\ !
@~ -\ ! Girder ends here
i d‘“, - N f’ (on curve)
& . _— o
g o N .
K - N Girder ends here
7 D~ - — .
L o de;/ o (on tangent)
’ ’ 3 (6?‘( 'D‘.’// !
4 // e I
’ / / !
’ / / i
v /
!
1
!

Girder System Superstructure Definition

User can control the
generated mesh.

¢

)
Definition | Analysis | Specs | Engine
Structural Slab Thickness mumber of shell elements
Consider structural slab thickness for rating (@) Inthe deck between girders
Consider structural slab thickness for design (_JInthe web between flanges
Waaring Surface Slower Faster
Considerwearing surface for rating Rl s SERraf:
Considerwearing surface for design
07 9 8 7 6 5 4 3 2 1
Default Analysis Type: |30 FEM W
Longitudinal Loading \ Target aspect ratio for shell elements
‘ehicle increment. |1.000 f Slower Faster
More accurate Less accurate
Transwverse Loading
2.000 it 10 15 20 25 30 35 40

“ehicle increment in lane:
2.000

Lane increment

User can control the
influence surface loading.

STL9 - 7
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

The analysis of all member alternatives in the superstructure definition will use the following engine and
specification set on the Specs tab. An exception to this is LFD rating of curved systems. The LFD rating is
performed in accordance with the “AASHTO Guide Specifications for Horizontally Curved Steel Girder

Highway Bridges 2003”.

™ Girder System Superstructure Definition E
Diefinition | Analysis  SPecs | Engine
Praysejuend Spec Version Factors

T Analysis Module Selection Type

ASD AASHTO ASD
LFD AASHTO LFD
LRFD AASHTO LRFD
LRFR AASHTO LRFR

NIA

2002 AASHTO Std. Specifications

2012 AASHTO LRFD Specifications

2011 (2013 Interim) AASHTO LRFR Spec.

MBE 2nd 2013i, Std 17th

MBE 2nd 2013i, Std 17th

LRFD 6th 2013i

MBE 2nd 2013i, LRFD 6th 2013i

System Default

System Default

<< ]<

System Default

[E4[E4[EAES

v
v
v
v

[E4 B4 K4 ES

System Default
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

Open the Framing Plan Details: Layout tab to see how the girders are located in the structure typical
section.

A new field 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.

o Structure Framing Plan Details =@ 3]

Mumber of spans = 3 Number of girders = 4

Layout  Diaphragms

Girder Spacing Orientation Distance from superstructure definition _

h ] 16.500
— reference line to the leftrmost girder: ft

(@) Perpendicular to girder

Support Skew
pp (Degrees) Along suppart Default Member Bearing Alignment Girder Radii
1 0.0000 Chord Radius
Girder Bearin Member
2 0.0000 Support| e ent Tyé‘e Angle )
3 0.0000 (Degrees) G4 716,50
1 0.0000 Girder G”derf%pac'"g ; Tangent ¥] G3 | 70550
Bay | Startof |Endof Tangent ] G2 | 69450
Girder | Girder 3 |Tangent b 1 683.50
1 11.00 | 11.00 4 |Tangent ™
2 11.00 | 11.00
3 11.00 | 11.00
Computed values
Apply to all members

Bearings are oriented in a local coordinate system at each member support in curved girder systems. The
user is able to 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

Tangent
Member is allowed to
mowe along this local x axis

A |'|'E“,,
Mian
“ft of ¢ ng::rcm 1o

Glonalrx
&
{1\)

7 =)
H""}q

Plan View
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

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.

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’ 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.

™ Structure Framing Plan Details EI@
Mumber of spans = 3 Number of girders = 4
Layout Diaphragms
Girder Bay: 1 w Diaphragm
Copy Bay To.. \Wieard
Start Distance Left Right End Distance
Spacing Left Right
e[Sl @ oapreom | Dauniegm | Mbe | oy | Longn B b | e
Type Left Girder | Right Girder ) ) (] (f) Left Girder Girder
Both Girders M 1 M 0.00 0.00 0.000 0.000 1 0.00 0.00 0.00 0.00 KFrame |V
Both Girders M 1 M 0.00 0.00 2047 20157 7 143.30 141.10 143.30 141.10 X Frame ¥
Both Girders M1 M 143.30 141.10 20.471 20.157 1 2047 20.16 163.77 161.26 X Frame 4
Both Girders M 2 ™ 0.00 0.00 19.541 19.241 10 19541 19241 195.41 19241 X Frame hd
Both Girders M 2 ¥ 195.41 192 41 19.541 19.241 1 19.54 19.24 21495 21165 X Frame |
> 3 ¥ 0.00 0.00 2047 20.157 7 143.30 141.10 143.30 141.10 X Frame V|
Both Girders b \ 3 M 143.30 141.10 20471 20157 1 2047 20.16 163.77 161.26 KFrame |V
Left Girder
Right Girder Iew Duplicate Delete

A wizard is available to create the diaphragm locations for the user. The wizard is not available if any of
the supports are skewed.
Diaphragm Wizard n

Diaphragm Spacing

(®) Enter number of equal spaces per span

(_) Enter equal spacing per span

Reference Line () Enter groups of equal spacing
(®) Superstructure def ref line
() Leftmost girder Support diaphragm load: kip
() Rightmast girder Interior diaphragm load: Kip
oLz Number of
Span A‘Di?nsﬁ' Equal
Spaces
() i

1 160.00

2 210.00

3 160.00

< Back Cancel Help
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

A new window to identify which diaphragms should be loaded for live load is now available for both
straight and curved girder systems.

Bridge Workspace - LFD Curve.. — | & |59

- 4 LFD Curved Guide Spec
- 3 Materials
[H- [0 Beam Shapes
- (3 Appurtenances
[H- (3 Diaphragm Definitions
- = Impact / Dynamic Load Allowance
- MFF LRFD Multiple Presence Factors
[H- (3 Factors
(23 LRFD Substructure Design Settings
- ¢ Environmental Conditions
-. 0P Design Parameters
=3 l:l SUPERSTRUCTURE DEFINITIONS
Bl bred Sample
- T4 Impact / Dynamic Load Allowance
-+ Load Case Description
-~ && Framing Plan Detail
Bl ' 2phragm Loading Selection
- Structure Typical Section
- <4 Superstructure Loads

(- (3 Connectors
- (1 Shear Connector Definitions
(- [ Stiffener Definitions
- C3 MEMBERS

(3 CULVERT DEFINITIONS
- (1 BRIDGE ALTERNATIVES

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.

M Diaphragm Loading Selection (== &3]

Select diaphragms for influence surface loading in a 3D

Select All Clear All

Bay 1 Bay 2 Bay 3 ~
11 21 131
[11-2 22 132
113 23 133
114 24 134
15 25 135
116 [126 [136
17 a7 37
118 128 138
119 249 139
110 | D210 | []3-10
O111 | a1 31
0112 | d212 | [O312
0113 | 213 | 0313
114 | D214 | 314
145 | D215 | 315

M44e [T M 21e
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

The Structure Typical Section contains the following changes for curved girder systems. 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 window and the deck width entered here.

M Structure Typical Section E@

Diztance from left edge of deck to | Diztance from right edge of deck to
superstructure definition ref. line |, superstucture definition ref. line

| =
Superstructure Definition
Deck P
\ thickness ! rezmEalie /
I T I
Leftoverhang || — ;._.‘ Right overhang

Deck | Deck (Cont'd) | Parapet | Median | Railing | Generic | Sidewalk | Lane Position | YWearing Surface

Superstructure definition reference line is wiithin w | the hridge deck.
Distance from left gc_ﬁ_ge of deck to ZD.Z?M ZD.ZESnd
superstructure definition reference line = ft ft
Slpersiracurs daition eferenceine = |0% 1 w5
Leftoverhang= 375 t 375 i
Computed right overhang = 3.75 it 375 @

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.

o Schematics: Bridge Typical Cross Section View E@
B LQQe B® g% v
LFD Curved Guide Spec
New Bridge - Sample
07/29/13
406"
406"
= Deck Thickness 9 1/2" 3 5/16" Overlay
/_ Travelway 1
I |
[— "H
[MHaunch Th. 4° Haunch Th. 4" Haunch Th. 4" Haungh Th. 4"
[Ty G3 G2 g1
3-9" 3@11-0" = 33-0" 3-9"
< >
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

Open the Member Supports window to 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.

Member Reference Line

Tangent

Member is allowed 1o
maove along this local x axis

Globalrx P+
2 = Local
Plan View X
-
M Supports EERP<i
Bearing alignment; L\s
Support| Girder Bearing i:;ll-g
MNumber| Alignment Type (Degrees)
1 [Tangent hd
2 |Tangent e
3 |Tangent ™
4 |Tangent 4
General | Elagtic
Local Translation Constraints Local Rotation Constraints
Support Support
Number Type X Y z X Y z
1 |Roller |hd | 1 1 1
2 |Roller | | | [l 1
3 |Roller |hd | D a O
4 |Roller ™ | | 1 1
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

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

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

m Analysis Settings = [ ][ E3]

(®) Design Review () Rating Design Method: | LRFD v

Analysis Type:
30 FEM v

Az Requested Apply Preference Setting: |Mone n

vehicles | Qutput | Engine | Description

Traffic Direction:

Bioth directions v Refresh Temporary Vehicles... Advanced...
YWehicle Selection: Yehicle Summary:
—-Vehicles Addto —I-Design Vehicles
= Standard Fatigue =|-Design Loads
- Alternate Military Loading ' e HL-83 (US)
SHL-E3 (30 »> i Permit Loads
-HL-93 (US) -] Fatigue Loads
-HS 20 (S0 - LRFD Fatigue Truck (US)
-HS 20-44 Remaowve
-LRFD Fatigue Truck (S0 iram
- LRFD Fatigue Truck (US) )
Analysis
- Agency
- User Defined <<
- Temporary

Feset Clear Open Template Save Template Apply Cancel

Last Modified: 7/31/2013 STL9 - 14 AASHTOWare BrR/BrD 6.5



AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

For the Bridge Rating training, open the Analysis Settings window and make the following selections:

-

M Analysis Settings == 3]
[ Design Review (@ Rating Rating Method: LFD v
Analysis Type:

30 FEM v
#s Requestad Apply Preference Setting: | MNone hd
“ehicles | Qutput | Engine | Description
Traffic Direction: )
Both directions v Refresh Temporary Vehicles... Advanced...
YWehicle Selection: Yehicle Summary:
=-Yehicles Adclito =-Rating *ehicles
[=}-Standard Fiating El Inventary
- Alternate Military Loading e HE 20-44
- H 15-44 »> =-Operating
- H20-44 e HE 20-44
- HS 15-44
~HS 20 (30) Remaowve
- HS 20-44 e
- Type 3 )
-~ Type 33 Analysis
- Type 352 <<
- Agency
- UUser Defined
- Temporary
Feset Clear Open Template Save Template Apply Cancel

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 Advanced Vehicle Properties window:

-

Vehicle Properties

Vehicl Tandemf Scale | SLingIe

Enicle Train [t Factorj|MmPact| Lane
Loaded

HS 20-44 [] 1.25 |

Last Modified: 7/31/2013 STL9 - 15 AASHTOWare BrR/BrD 6.5




AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

For both training sessions, select the following output controls. Be sure to check the ‘Detailed Influence

Line Loading’ to be able to view the centrifugal force calculations.

m Analysis Settings = | 3] || &3
() Design Review (@) Rating Rating Methac: |LFD w
Analysis Type
3D FEM v
As Requested Apply Preference Setting: | Mone v

Yehicles Cuput | Engine | Description
Tabular Results AASHTO Engine Reports
¥ Dead Load Action Report Z1 Mizcellaneous Reports: LS
[# LFD Critical Loads Report O Girder Propetties
F# Live Load Action Report Summary Influence Line Loading
[~ Truss Panel Poim Concurrent Forces Repont Detailed Influence Line Loading j
[C Truss Fanel Point Maximum Farces Report O Capacity Summany
O Capacity Detailed Camputations
FE Model far DL Analysis
FE hodel for LL Analysis
O LL Influence Lines FE Madel
O LL Influence Lines FE Actions
[ LL Distrib. Factor Computations
O Regression Data. W
Select Al Clear All SelectAll Clear All
Feset Clear Open Template Save Template Apply Cancel

This example now shows the results from a 3D LFD rating.

It is not recommended that

users launch an analysis in training as due to the large number of degrees of freedom in this
example, 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 here), the spec checking
and rating will only be performed for that member alternative.

A new 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.

Last Modified: 7/31/2013 STL9 - 16

Bridge Workspace - LFD Curved Gui..| =

=-- [:I SUPERSTRUCTURE DEFINITIONS
= trd Sample

- it Load Case Description
- &F Framing Plan Detail
- LS Diaphragm Loading Selection
- Structure Typical Section
- 4 Superstructure Loads
- [ Connectors
- [ Shear Connector Definitions
#-- (2 Stiffener Definitions
2 £ MEMBERS
i I G4
- IG3
- 2 Member Loads
& Supports
- (3 MEMBER ALTERNATIVES
: 4 I Plate (E) (C)
i I G2
7 IGI
(23 CULVERT DEFINITIONS
(23 BRIDGE ALTERNATIVES

S Impact / Dynamic Load Allowance

~
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

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

.

M

LFD Curved Guide Spec

[= =R

=-Sample
EI--AASHTO_LFD_3D

s

=6

G2

[=-LFD Curved Guide Spec

- Flate

- Flate

- Flate

oG

- Flate

- 31 Span 3D Model

- 31 Span 30 FE Model Graphics
- 31 Span 30 Model Actions

- 3¢ Span 30 Model

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

- 53 Span 30 hodel

-- 53 Span 30 FE Model Graphics
-- TransverseLoaderPaftterns

- InfluenceSurfaces

- Log File

e

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.
graphics for the Stage 1 model which contains the steel beams and diaphragms.

The following shows the

atl

File

Tools

Help

Model Viewer

ol

Last Modified: 7/31/2013
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel 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”. An influence surface for viewing can be
chosen by selecting Tools/Change Influence Surface and then selecting desired actions.

Influence Surface n
Influence Surface Information
Bridge ID LFD Curved Guide Spec
Bridge: New Bridge
Superstructure Definition: | Sample
User. BrR
NEI Structure ID LFD Curved Guid
Bridge Alternative:
Date: Tuesday, July 30, 2013 10:11:38
Influence Surface Selection
Girder: Deck Node: Action Face:
G3 525 ~ Moment-Z LRl Left
545 Shear-Y Right
561 Moment-Y
573 Moment-Y Top Flange
585 Moment-Y Bottom Fla...
601 w Deﬂe.ctiun—Y w
OK Cancel

a; Model Viewer - B

File Tools Help
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

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

o | Bridge Design/Rating - LFD Curved Guide Spec - B “
File Edit View Bridge Substructure Tools Window Help ’
RN Er] |Bw | | preliminar v | 2260 ® 0w E @ s e

SElERReNESA2IEBE [BimEw g e 8B 0 7 us custom: v
B Bridge Explorer (27 Bridge Desi i i i i =N
. N ;. ]
B g 7 Bridge Workspace - LFD Curved Gui..| ™ Analysis Results - Plate = EEs
- 3 SUPERSTRUCTURE DEFINITIONS e Stage Dead Load Case
B bt Sample |Dead Load Actions v | Non-composite (Stage 1) v | |sefiLoad (Stege 1.0.0C} v
3 Impact / Dynamic Load Allo
b Load Case D . Locat % Moment Sh Aodal Reacti X Deflection| Y Deflect
ocation oment ear al eaction eflection[ ¥ Deflection| A
4&F Framing Plan Detail Span| g Span ki) Ki Ki Ki in =
05 Diaphragm Loading Selectio 17000 0.0 0,10 9,99 0.0 [ 0.0000 " 0.0000
I Structure Typical Section 17 EAs 0.9 21788 12,01, 0.0 0.0000 02431
- 2 Superstructure Loads 1 s 200 385.71 675 0.00 00000 03861
o Connect 17 4838 300 41856 2201 0.00 00000 04953
onnectors i 17 eas0 40.0 408.99 2127 000 00000 05293
(3 Shear Connector Definitions 1. 8063 50.0 328.61 653 0.00 0.0000 -0.4896
(1 stiffener Definitions 17975 60.0 178.13 -10.86 0.00 0.0000 03904
3 MEMBERS 171268 70.0 44 55 15481 0.00 00000 03578
I 177431.00 76.0 Bl 764’ 0.00 0.0600 G 1908
i 112801 80.0 34181 2061 0.00 00000 01299
£ IG3 17 a8 875 62585 2296 0.00 00000 00573
# Member Loads 171513 90.0 “736.80 27931 0.00 00000 -0.0400
A Supports 1 16126 100.0 126369 3502 0.00 74.81 00000 -0.0000
& ) MEMBER ALTERNAT] 2. 000 00 126395 3159000 74.81 00000 -0.0000
2 192 91 65791 2640 0.00 00000 00704
AASHTO LFR 3D Engine Version 6.5.0.3001
Analysis Preference Setiing: None|
[ CULVERT DEFINITIONS
[ BRIDGE ALTERNATIVES
< >

“"M

o | Bridge Design/Rating - LFD Curved Guide Spec - O q
File Edit View Bridge Substructure Tools Window Help ;
Dwds an s 2R Se (2% [& [[rreimnarv] =ALOBRE & &N

= EL @ | e

eI B[R A 2B E EEEE I FTEY [

= Bridge Explorer (27 Bridge Design/Rating bridges retrieved for the current folder, all rows retrieved)
-
Bridge Workspace - LFD Cur| ¢ Specification Checks for Plate - 21 of 1158
&+ (& SUPERSTRUCTURE DEFINI =0 Plate ~ | Specification Reference Limit State  Flex. Sense Pass/Fail
- it Sample , Qispan1- 0.00ft 5.1 Flanges With One Web - General N/A General ..
1 Impact / Dynami Gspant- 1008t 52.1 Compact Flanges N/A General ..
o Load Case Descri A Span1- 1613t
B M4 5.2.2 Non-Compact Flanges N/A Not App...
& Framing Plan Det; 3 Span1- 2016 ft. N
5 Diaphragm Load 2 Span1 - 30241 N 5.3 Partially Braced Tension Flanges N/A Not App.
I Structure Typical Z1spant- 3225t 5.4 Continuously Braced Flanges N/A General ..
= Superstructure Lo CISpan1- 4031ft 6.2.1 Unstiffened Webs - Bending Stresses N/A General ..
(3 Connectors £1Spani- 48381t 6.2.2 Unstiffened Webs - Shear Stresses N/A General ..
(21 Shear Connector - Span1- 5039 ft 6.3 Transversely Stiffened Webs N/A General ..
O stiffener Definitiq CISpan1- 6047 ft. M&.6.3.1 Transversely Stiffened Webs - Bending Stresses N/A Not App...
= (3 MEMBERS {3 Span1- 6450 ft N 6.3.2 Transversely Stiffened - Shear Stresses N/A Not App.

I - span1- 70551t NA 6.4.1 Longitudinally and Transversely Stiffened Webs ... N/A Not App.
= IGs G Span1- 8063 ft. M14.6.4.2 Longitudinally and Transversely Stiffened Webs .. N/A Not App.
! : 2’:;'22;'5 g EE:: : 32 ;:133 95 I-Girders Permanent Deflection N/A General .
51 1 MEMBER] 2 5pani- 100‘ 79{_‘[ + Bending Stress Rating N/A Passed
I Plate] 3 Span1- 11086t Depth of web in compression in the Elastic Range (D... N/A General ...
IG2 C1Span1- 11288 t. + Flange Bending Stress Rating N/A Passed
IGl 3 Span 1- 12094 ft FD General Steel Flexural Results N/A General ...
- (& CULVERT DEFINITIONS £3Span1- 12100t LFD Steel Elastic Section Properties N/A General .
[ BRIDGE ALTERNATIVES 3 Span1- 12901 ft. Steel Stresses for Sections in Positive Flexure N/A General .
3 Span 1- 131.02 ft. ~ Web Bending Stress Rating N/A Passed
{3 Span 1- 141.10 ft. X Web Shear Rating N/A Failed

O Span1- 14116 ft.
[ Span1- 14513 ft

a9 Cmnna  acaaan

Last Modified: 7/31/2013 STL9 - 19 AASHTOWare BrR/BrD 6.5



AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

The results of the HS25 rating are shown below:

2 Analysis Results - Plate
Repont Type Laneflmpact Loading Type Display Forrmat
Reating Results Summary v AsRequested () Detailed Mutiple rating levels per row v

e 5] \rwem_ory Inventory Operating Operating Inventory Operating
Location| Location Location Location Limit State Limit State In
ft) Span-(% ft] Span-(%:

37291 3-(00)
LFD | 20 37 3401 0453 0756 53416 3-(100.0)

37291 3-( 00)
53416 3-(100.0)

Design Shear - Steel ' Shear - Steel  As Re
Design Shear - Steel : Shear - Steel - As Re

< >
AASHTO LFR 3D Engine Yersion £.5.0.3001

Analysis Preference Setting: None

Close

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

LR =| Data -0
ve
© ~ 1) GrDRss ) LFDCuvedGuideSpec » Sample » AASHTO_LFD 3D » G3 » Plate » S3Span » Data ) v| ¢ Search Data £
2 £ INVOPR_Axle Load Forward_0_Moment Z.txt - Notepad - O
o Favorites Name
File Edit Format View Help
I Deskcop INVOPR_Axle Load Backward_3050000_Y Reaction.bat - —
Vehicle Description:
Ja Downloads INVOPR_Axle Load Backward_3050000_Y Translation.txt Vehicle: HS 20-44 - Truck
5 Recent places ) INVOPR_Axle Load Forward_0_Moment Zxt . .
Axle Spacing Distance to
INVOPR_Axle Load Forward § Shear Y.txt First Axle
"7 Libraries INVOPR_Axle Load Forward_|| Y Reaction.txt (ft) (ft)
4 Documents INVOPR_Axle Load Forward ] | Y Translation.txt 1 0.00 .00
4. Music INVOPR_Axle Load Forward| D000_Moment Z.txt 2 14.00 14.00]
3 14.00 28.00
& Pictures INVOPR_Axle Load Forward| pO00_Shear Y.txt
B videos INVOPR_Axle Load Forward| }000_Y Reaction.txt Axle Wheel Spacing Load
(ft) (kip)

INVOPR_Axle Load Forware 000_Y Translation.txt

A Computer INVOPR_Axle Load Forward ~ PO00_Moment Z.txt
& 05(C) INVOPR_Axle Load Forward ~ D000_Shear V.txt
& HP_TOOLS (D) v INVOPR_Axle Load Forwar{  J000_Y Reaction.txt

389items 1 item selected 27.5 MB

2
Total load = 9@Kips
Total length = 28Feet
Maximum width = Left 3.00@Feet, Right 3.80@Feet, Total 6.880Feet

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

Centrifugal Force and Superelevation Data:
Curve to right

» Design Speed = 35.08 (mph)

b+ SCSuperStructureElement.cpp Superelevation 5.00 (%)

Y o SRS AT Centrifugal force applied 6.00 (t) above the deck

b+ SCSuperStructureTrussElement.cpp

b+ SerializeableObjectcpp
++ SpecCheckControlcpp POL (0.000,-5.500) ft  Moment 2 Influence Surface

> * SpecCheckResultsbxcpp The unit for the Moment is (kip-ft), Shear and Reaction is (kip), Translation is (inch)

> *+ SpecificationCheckController.cpp Axle  Wheel X z Surface Wheel Action FE Element
+ stdaficpp 4 Ordinate Load

>+ TableDatf \Vhee| factors due to centrifugal o o e SR Biiay N

b s Timereon  force and superelevation

B ReadMe.txt

Front Axle Position (-8.671,-15.252) L to R
1 -

b [ AbaSubGnr @0 -18.25 -0.0325 5.64 -0.183 123

[y ———— Total - Max ©.600, Total - Min -0.163, Total - -0.163

b &l AbaTools Front Axle Position (8.929,-15.228) L to R

b [ AbaXmlReport 1 -18.23 -0.029 5.64 -0.167 123
e 2 .86 -12.23 0.1151 4.36 0.501 369

D ) (ERATENT Total = Max .576, Total = Min -0.148, Total = 0.428

b Bl ABbAGENCY < >

b
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel 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:

e  Shell elements for the deck

e Beam elements for the top and bottom flanges

e  Shell elements for the web
For a curved girder system, the deck nodes and top flange nodes are connected by way of a master-slave
constraint. For straight girder systems a rigid link is used to connect these nodes.

Deck (Shell Elements)
< < v

A Master Slave

{ L Flange (Beam Elements')L

Web (Shell Elements|

] Flange (Beam Elements) s ssssssss(Easssss—=0

. Partial Elevation View of
Section Model

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)
2 <y [, <—
A

Master Slave

N Wange (Beam E|ementst _t

-
[ Element
Nodal M
Web (Shell Elements Forces
—>
—>
—

] Flange (Beam Elements) e o

. Partial Elevation View of
Section Model
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AASHTOWare Bridge Rating and Design Training —~STL9 — Curved 3D Steel Example

Mesh Generation

The FE model created by BrR/BrD will contain nodes at the following locations:
e  Cross section property change points

Span tenth points

Support locations

Diaphragm locations

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

L Model Viewer

File Tools Help

<

4 shells between beams, target aspect ratio = 2

L Model Viewer
File Tools Help

RN | ) \ P - . \\\\ ;
. < P
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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.

Results
The following graphs illustrate the relative agreement of the BrDR results with those published in the
AASHTO Guide Spec appendix for this example.
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Moment

Moment

Moment
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—— Moment-BSDI-AppB
Moment-BrOR 6.5-Release

—— Moment-BSDI-AppB
Moment-BrOR 6.5-Release

—— Moment-BSDI-AppB
Moment-BrDR 6.5-Release
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Girder 3: STAGE 1: SELF-LOAD-Diaph:Shear

—»— ShearBSDI-AppB

60

Shear-BrDR 6.5-Release

40

20

Shear
(=]

200 400

Location

Girder 3: STAGE 6: DECK+HAUNCH: Shear

—+— Shear-BSDI-AppB

200

Shear-BrOR 6.5-Release

150

100

50 14—

Shear
o

-50

-100
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-200

200 400
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Girder 3: STAGE 7: PARAPET+WS:Shear

—»— ShearBSDI-AppB

60

Shear-BrOR 6.5-Release

40

20w

Shear
(=]
(
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2500

Girder 3: STAGE 7: H5-25-LANE:PosMoment

2000

1500

PosMomant

1000 —

500

2500

200

400

Location

Girder 3: STAGE 7: HS-25-TRUCK:PosMament

2000

1500

Poshoment

1000 ——
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—— PosMoment-BSDI-AppB
PosMoment-BrDR 6 5-Release

—=— PosMoment-BSDI-AppE
PosMoment-BrDR 6.5-Release

—s— NegMoment-BSDI-AppB
NegMoment-BrDR 6.5-Release
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MNeghMomant

PosShear

PosShear

Girder 3: STAGE 7: HS8-25-TRUCK:NegMoment

—s— NegMoment-BSDI-AppB
NegMoment-BrOR 6.5-Release
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-1500 x
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Girder 3: STAGE 7: H3-25-LANE:Neg Shear

- .A_*I.
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—— Neg Shear-BSDI-AppB
Neg Shear-BrOR 6.5-Release

—— Neg Shear-BSDI-AppB
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