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Topics Covered
e Importing a bridge in BrDR
e Shear Stud Design Tool
e  Shear Stud Design Tool — Design Rules
e LRFD Design Review

Importing a bridge in BrDR

This example uses the bridge defined in the STL7-Steel-Shear-Stud-Wizard.xml provided for this tutorial. Use the
Import function of BrDR to import this bridge. Open BrDR and click on the Import button from the Bridge group
of the BRIDGE ribbon as shown below.

E AASHTOWare Bridge Design and Rating ? - 0O X

ERIDGE FOLDER RATE TOOLS WIEW
_u & Import T
IJ L | & [ L »

© Batch ~
New Open Open Find Copy Copy
To~
Bridge Manage
1.7 Favorites Folder | E ‘.l Bridge ID
[ Recent Bridges » 1 TrainingBridgel -

- @ Al Bridges
- ﬁ Templates
ﬁ Deleted Bridges

2 | TrainingBridge2

3 TrainingBridge3
4 PCITrainingBridge
5 PClITrainingBridge2

<[] >

Total Bridge Count: |32 |

Select the bridge and click the Open button to import this bridge into BrDR.

R import X

™ » ThisPC > Desktop » STLT v O L SearchSTLT

Organize = New folder B== w | 0
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[ This PC
~J 3D Objects |] STL7-5teel-Shear-Stud-Design-Tool 11/3/2022 10:12 AM XML Document 562 KB
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= DATA (D)

¥ Network
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File name: | STL7-Steel-Shear-Stud-Design-Tool v| AASHTOWare Bridge XML {xm ~
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Shear Stud Design Tool

Expand the Bridge Workspace tree to show the member alternative for member G2. The partially expanded Bridge

Workspace tree is shown below.

Workspace -ox

F gl Components

= Dy StI6_Training

B [ Camponants

- B2 Diaphragm Definitions
[Z7 Lateral Bracing Definitions

MFF | RFD Multiple Presence Factors
EC Environmental Conditions

- OF Design Parameters
& &3 SUPERSTRUCTURE DEFINITIONS
B brrf 2 Span, 4 Girder system
= Impact/Cynamic Load Allowance
2L Load Case Description
- & Framing Plan Detail
E” Bracing Ceterioration
- B3C Bracing Spec Check Selection
. m Structurs Typical Section
- oy Superstructure Loads
- [ Shear Connector Definitions
- [ Stiffener Definitions
= & MEMBERS
@ T G1
.. I G2
- obe Member Loads
" Supports
- &) MEMBER ALTERMATIVES
BT Pt Girder ® ©
e .T Default Materials
_IT Impact/Cynamic Load Allowance
- B Girder Profile
- gty Hinge Locations
2 Splice Locations
- 1 Deck Profile
- FlHaunch Profile
- B3 | ateral Suppart

- B3 Siffener Ranges
B B2 Bearing Stiffener Locations
-~ gk Live Load Distribution
@' Points of Interest
=1 Detericration Profile
#- T Plate Girder - Allow Moment Redistribution
# I G3
# I G4
- b Corrugated Deck - Steel Beam
= &) BRIDGE ALTERNATIVES
-- #M Bridge Alternative 1 (E) (C)
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Deck Profile

Double click on the Deck Profile node in the Bridge Workspace tree to open the Deck Profile window. Navigate to
the Shear connectors tab of this window. The shear connectors are currently defined as a generic Composite region.
BrDR has a Shear stud design tool that can compute a shear stud pattern. Click the Shear stud design tool button

in this window as shown below.

0 Deck Profile - [m] x

Type: | Plate

Deck concrete | Reinforcement | Shear connectars |
—

support | P | length | T Connector umber of | Number per | AT
number | 95206 | gy | distance D spaces row R
] ®) g {in)

1 - 0.00| 18000 180.00)| Composite
N—

[ mew || Dupicate | [ Delete |

[ ok | [ Aoy ][ Concel |

Enter the data as shown below. If the Provide shear studs in negative flexure regions is not checked, the design tool

will not create a stud pattern in the negative moment region between points of dead load contraflexure.

D Shear Stud Design Tool ®

Stud diameter  0.873 in Design template: HL 93 Design Review View..
Provide shear studs in negative flexure regions
Splice location gaps
Splice location
Support Left gap Right gap
number Laft or right Distance () ()
of support (ft)

Continue Cancel

Click the Continue button and the Shear Stud Design Tool Progress window will launch a dead load and live load

analysis, design a shear stud pattern, and display the resulting design as shown below.

Last Modified: 2/19/2024 3



STL7 — Steel Shear Stud Design Tool

Click OK to view the results.

M Shear Stud Design Tool Progress

sLoAoLauuLL < U4-UUUU ey

- Location - 7o.5000 (ft)

- Location - 7z.0000 (ft)

- Location - 77.0000 (ft)

- Loeation - 81.0000 (ft)

- Location - 83.5000 (ft)

- Location - go.oooo (ft)

- Location - g6.5000 (ft)

- Location - gg.0000 (ft)

- Location - i103.0000 (ft)

- Location - 108.0000 (ft)

- Location - 109.5000 (ft)

- Loeation - 116.0000 (ft)

- Location - 117.0000 (fi)

- Loecation - 126.0000 (ft)

- Location - 132.0000 (ft)

- Location - 135.0000 (ft)

- Location - 144.0000 (ft)

- Location - 148.0000 (ft)

- Location - 153.0000 (ft)

- Location - 162.0000 (ft)

- Location - 164.0000 (ft)

- Location - 171.0000 (ft)

- Location - 180.0000 (ft)
Finding maximum stresses in the unbraced lengths....
Finished finding maximum stresses in the unbraced lengths....
Info: - Start Genetic Algorithm to optimize the shear stud design...
Info: - Initializing optimization based on user input, cross sections, and assumptions...
Info: - Optimizing solution ...
Info: - Optimization successfully finished. Please review the calculations.
Info: Shear stud design analysis successfully completed!
Analysis completed!

Print
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M Shear Stud Design Tool Results *

Computed shear connecter definition

Stud narme: Wizard Stud
Steel minimum tensile strength:

Stud height:

Stud diameter:

Computed shear connecter ranges

Support lStart Length . End Number per  Number of Transvlerse
number distance (ft) distance o cpaces spacing
() (f) ? (in}
> 0 26 26 3 72 45
1 - 36 54 80 2 107 9.1
2 ~ 0 54 54 3 a7 45
2 e 34 36 90 3 72 45
MNote: Existing shear connector ranges will be deleted if you apply the results of this wizard. Apply Cancel

The Stud name and the range data can be modified in this window. Click the Apply button to save the generated data.
Note that clicking the Apply button deletes the existing ranges.

Close the window by clicking OK. This applies the data and closes the window.
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The Shear connectors tab will updates with the shear stud ranges created using the Shear stud design tool as shown
below. The View calcs button on this window opens a text file containing the output of the articles that were evaluated
in the design.

@ Deck Profile - [m] x
Type: Plate
Deckconcrete  Reinforcement | Shear connectors
oot | s | U | g | Comior | Mmool | Momberper | TS
(ft) (ft) (in)
> 7 0 36 36 | Wizard Stud i Il 3 435
1 v £ 34 90 | Wizard Stud e 107 2 21
2 V 0 54 54 | Wizard Stud - 107 3 45
2 Vv 54 36 90 | Wizard Stud - 72 3 45

Shear stud

design tool New Duplicate Delete
oK Apply Cancel
f ~
* Results of the Shear Stud Wizard
* Executed on 1/9/2024 2:02 PM
Load Combination Legend:
Code Vehicle
1 HL-93 (US) - Design Truck + Lane
2 HL-93 (US) - Tandem + Lane
3 HL-93 (US) - 9@%(Truck Pair + Lane)
4 LRFD Fatigue Truck (US) - Fatigue Truck
6 Steel Structures
6.18 I-Section Flexural Members
6.18.18 Shear Connectors
6.18.18.1 General
(AASHTO LRFD Bridge Design Specifications, Ninth Edition)
Steel Plate - At Location = ©.0008 (ft) - Right Stage 3
Section within Top Flange Continuous Bracing Region
Section at Bottom Flange Brace Point
INPUT:
Shear Connector Type: Stud
Stud Diameter, Diam = 8.8758 (in)
Stud Height, H = 6.0008 (in)
Number per Row = 3
Transverse Spacing = 4.58 (in)
Pitch = 6.0088 (in)
Top Flange bf 12.8000 (in)
Haunch Depth 1.0080 (in)
Eff. Slab Thick = 8.0008 (in)
6.10.18.1.1 Types
Stud H/Diam .8
Stud H/Diam = 6.8571 PASS
6.10.10.1.2 Pitch
1. C/C Pitch <= 48.@ in v
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Shear Stud Design Tool — Design Rules

1. The user enters the stud diameter.

2. The minimum tensile strength of the stud is always 60 ksi (415 MPa) as per AASHTO LRFD Atrticle 6.4.4.

3. Designs are optimized such that all the following articles pass with a design ratio (i.e., resistance/action)
closeto 1.1.

4. The Wizard evaluates the following specification articles:

a. 6.10.10.1.1 Shear Connectors - General - Types

b. 6.10.10.1.2 Shear Connectors - General - Pitch

c. 6.10.10.1.3 Shear Connectors - General — Transverse Spacing

d. 6.10.10.1.4 Shear Connectors - General — Cover and Penetration

6.10.10.2 Shear Connectors — Fatigue Resistance

f.  6.10.10.3 Shear Connectors — Special Requirements for Points of Permanent Load Contraflexure
(only evaluated at points of dead load contraflexure when the user has chosen to not provide shear
studs in the negative flexure regions)

g. 6.10.10.4 Shear Connectors — Strength Limit State (only evaluated at points of maximum live load
moment and interior supports as per this article)
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LRFD Design Review
To perform an LRFD design review, select the Analysis Settings button on the Analysis group of the DESIGN/RATE

ribbon. The window shown below opens.

e | Bridge Workspace - 5t16_Training ANALYSIS RepoRTs 2@ — 0O X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING A
% =
= = o
Analysis Analysis Engine
Settings Events Outputs
Analysis Results

Click the Open Template button and select the HL-93 Design Review used in the rating and click Open.

M Open Template X
| Templates | Description | Analysis | Cwner | Public / Private |
+ [HL 93 Design Review | HL 93 Design Review Public
HS5 20 LFD Rating HS 20 LFD Rating Public
LRFR Deszign Load Rating LRFR Design Load Rating | LRFR Public
LRFR Legal Load Rating LRFR Legal Load Rating Public
Open | | Cancel
Last Modified: 2/19/2024 8
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The Analysis Settings window will be populated as shown below.

™ Analysis Settings - O X
@ Design review Rating Design method: LRFD AL
Amalysis type: Line Girder v
Lane / Impact loading type: As Requested A Apply preference setting: | None ~

Vehicles ."| Qutput ] Engine ] Description .\'|

Traffic direction: | Both directions v Refresh | | Temporary vehicles | | Advanced

Vehicle selection Vehicle summary

B-Vehicles E--Design vehicles
EH-Standard ~Design loads
- Alternate Military Loading L.-HL-93 (US)
-EVZ2 Permit loads
~EV3 -Fatigue loads
~HL-93 (SI) L-LRFD Fatigue Truck (US)
-HL-93 (US) Add to

-HS 20 (Sl)

~HS 20-44

--LRFD Fatigue Truck (51}

----- LRFD Fatigue Truck (US)

E-Agency

-Colorado Legal Type 3

--Colorado Legal Type 3-2 Remove from

--Colorado Legal Type 352

-~Colorado Permit Vehicle

- Interstate Legal Type 3

-Interstate Legal Type 3-2

- Interstate Legal Type 352

--LRFD Fatigue Truck (US)~1

----- Modified Tandem

—-User defined

----- Caolorado Permit Vehicle~1

----- Temporary

| Reset | | Clear | | Open template | | Save template | CK | | Apply | | Cancel

Click OK to apply the analysis settings and close the window.

Next click the Analyze button on the Analysis group of the DESIGN/RATE ribbon to perform the rating.

6 | Bridge Workspace - St16_Training ANALYSIS RepoRTs ¢ — O X
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING ~
Analysis |Analyze| Analysis Engine
Settings Events Qutputs

Analysis Results
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Specification Check Detail

The specification checks can be viewed by selecting the Specification Check Detail button from the Results group
of the DESIGN/RATE ribbon.

. - F —
6 | Bridge Workspace - StI6_Training ANALYSIS REPORTS  ? mE
WORKSPACE TOOLS VIEW DESIGMN/RATE REPORTING #
== > % B
— Ij d
Analysis Analyze Analysis | Tabular| Specification |Engine Results  Save
Settings Events | Results| Check Detail Dutputs Graph Results
Analysis Results
Select the 6.10.10.1 Shear Connectors - General article for Stage 3 at Span 2 — 90.00 ft.
™ Specification Checks for Plate Girder - 49 of 1744 — O X
Articles
) ll,b« All articles v
Properties Gererate  [ormat
Bullet list v
Specification filter Report
4 |_iSuperstructure Component Specification reference Limit State Flex. Sense Pass/Fail ~
b |_iStage 1 B 1.2.2.1 Design Philosophy - Limit State - General MAA General Comp.
b |_IStage 2 +/ 2.5.2.6.2 Criteria for Deflection N/A Passed
4 |_|Stage 3 B 4.6.27.1 -Sections - Lateral Wind Load Distribution in Multibeam Brid N/A General Comp.
4 |_|Plate Girder B 5.4.2.6 Modulus of Rupture N/A General Comp.
|—Span 1-0.00 ft. B 6.10.1.1.1b Stresses for Sections in Positive Flexure N/A General Comp.
|_iSpan 1-8.00 ft. B 6.10.1.10.1 Hybrid Factor, Rh N/A General Comp.
T .10.1.10.2 Web Load-Shedding Factar, eneral Comp.
IISpan 1-16.00 B 6.10.1.10.2 Web Load-Shedding Factor, Rb N/A General Comp.
1 Span 1 - 18.00 f. v’ 6.10.1.6 Flange Stress and Member Bending Moments NfA Passed
ItSpan 1-27.00 f. v’ 6.10.1.7 Minimum Negative Flexure Concrete Deck Reinforcement NfA Passed
ItSpan T - 3200 . 6.10.1.9.1 Webs without Longitudinal Stiffeners NfA General Comp.
S 1-36.00 ft.
- Span 145004 [ v’ 6.10.10.1 Shear Connectors - General NfA Passed
an 1-45.00 ft.
E Sp 1-4800 ft v 6.10.10.1Z Pitch NfA Passed
an 1 -48.00 ft.
e Szan 1-sa00% B 6.10.10.2 Fatigue Resistance N/ General Comp.
[45pan 1 - 63I00 ftl v 6.10.11.1.2 Transverse Stiffeners - Projecting Width N/ Passed
[ Span 1 - 64.00 ft. v/ 6.10.11.1.3 Transverse Stiffeners - Moment of Inertia N/A Passed
[_15pan 1- 7050 f. v 6.10.11.2.2 Projecting Width N/ Passed
| Span 1 - 72.00 . " 6.10.11.2.3 Bearing Stiffeners - Bearing Resistance N/ Passed
| Span 1 - 77.00 ft. ' 6.10.11.2.4 Axial Resistance of Bearing Stiffeners M/ Passed
|24 Span 1 - 81.00 t. +' 6.10.2 Cross-Section Proportion Limits M/ Passed
|1 Span 1 - 8350 ft. " 6.104.2.2 Flexure N/A Passed
| Span 1 -90.00 ft. NA 6.10.5.3 Special Fatigue Requirement for Webs MAA Not Applicable
| Span 2 - 6,50 ft. B 6.10.6.2.2 Composite Sections in Positive Flexure N/A General Comp.
| Span 2 - 9.00 ft. B 6.10.6.2.3 Composite Sections in Negative Flexure and Noncomposite N/A General Comp.
|4Span 2 - 1300 fu. ' 610.7.1.1 General N/A Passed
- leduit .10.7.1.2 Nominal Flexural Resistance eneral Comp.
|_1Span 2 - 18.00 ft B 6.10.7.1.2 Nominal FI | Resi N/A G | Comp.
|_1Span 2 - 18.50 ft. NA& 6.10.7.2.1 General N/A Not Applicable
(I Span 2 - 26.00 f. B 6.10.7.2.2 Nominal Flexural Resistance NfA General Comp.
1 Span 2 - 27.00 f. v’ 6.10.7.3 Flexural Resistance - Ductility Requirement NfA Passed
4 Span 2 - 36.00 . N& 6.10.8.1.1 Discretely Braced Flanges in Compression NfA Mot Applicable
tSpan 2 - 4200 . N& 6.10.8.1.2 Discretely Braced Flanges in Tension NfA Mot Applicable
S 2 -45.00 ft.
.- Span 5 sa00% NA 6.10.8.1.3 Continuously Braced Flanges in Tension or Compression NfA Mot Applicable
an 2 - 5400 ft.
E Sp 252004 B 6.10.8.2.1 General MN/A General Comp.
an 2 - 58.00 ft.
e Szan 36300 R B 6.10.8.2.2 Local Buckling Resistance N/ General Comp.
[_15pan 2 - 72:00 ft: B 6.10.8.2.3 Lateral Torsional Buckling Resistance N/ General Comp.
[ Span 2 - 7400 ft. B 6.10.8.2.3.Cb Lateral Torsional Buckling Resistance - Cb Calculation N/ General Comp.
[_15pan 2 - 81.00 f. B 6.10.8.2.3.rt Lateral Torsional Buckling Resistance - rt and Lp Calculatic N/ General Comp.
{-ySpan 2 - 90.00 . B 6.10.8.3 Tension-Flange Flexural Resistance N/ General Comp.
" 6.10.9 Shear Resistance MN/A Passed
B A1N01 Chazr Bacictanra - Ganarsl A FGanarsl Camn e
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ﬂ Spec Check Detail for 6,10.10.1 Shear Connectors - General

& Steel Structures

€.10 I-Section Flexural Members

6.10.10 Shear Connectors

6.10.10.1 General

{AASHTO LEFD Bridge Design Specifications, Ninth Edition

Steel Plate - At Location = 180.0000 (ft) - Left Stage 3
Section within Top Flange Continucus Bracing Regicn
Section at Bottom Flange Brace Point

INPUT:
Shear Connector Type: Stud

Stud Diameter, Diam = 0.8750 (in)
Stud Height, H =  §.0000 (in)
Number per Row = 3
Transverse Spacing = 4.50 (in)
Pitch = §.0000 {in)
Top Flange bf 12.0000 (1im)
Haunch Depth 1.0000 (im)
Eff. Slab Thick = 8.0000 {in)
6.10.10.1.1 TIypes
Stud H/Diam >= 4.0
Stud H/Diam = 6.8571 BR3E
6.10.10.1.2 Pitch

C/C Pitch 48.0 in

Bitch = 6.0000 (in) PRSS

2. C/C Pitch »= €.0%5tud Diam
6.0%*5tud Diam =  5.2500 (im) PASS

€.10.10.1.3 Transverse Spacing

1. Trans Spacing »= 4.0+*5tud Diam

Trans Spacing = 4.50 (in)
4.0*5tud Diam = 3.5000 (im) PRES

2. Edge of flange to edge of conn (Clearance) »= 1.0 in
Qutside width of stud group = 89,8750 (in)
Clearance = (bf - outside width)/2 = 1.0625 (in)

6.10.10.1.4 Cover and Penetration

1. Concrete cover »>= 2.0 in

Concrete cover = Slab thick + Haunch Depth - H = 3.0000
2. Penetration into deck >= 2.0 in

Penetration = H - Haunch Depth = 5.0000 (im)
SUMMRARY :

R11 limits are satisfied, article passes.

PLSS

(in)

PASS

PASS

oK
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