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Weld Design and Weld Fatigue Analysis

Topics Covered

e Flange to web weld LRFD Design

e Flange to web weld LRFD Design Review

e Weld Fatigue Analysis

Weld Design and Design Review

Using BID1 in the sample bridge database, the step-by-step process of fillet weld design at flange-web junction of a

scheduled based plate girder is described below.

Weld Design and Design Review Steps

Open BID1

Open BrDR then open TrainingBridgel (BID1) by double clicking on the bridge.
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Open Connectors - Weld

In the Bridge Workspace, Components tab, expand Connectors and double click on Weld to add a weld

definition.
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Weld Design and Weld Fatigue Analysis

Define the Welds

For weld design of top flange — web fillet weld:

Leave the Weld size field blank to be designed as per LRFD article 6.13.3.2.4 (Weld Design). After entering all the
fields shown below, click on the Copy values from library... button to populate the Electrode strength of the weld
fields. Click OK to save the data.

Structure Definition Connectors — Weld (Top)

)

MNarme: Weld Def Top
Description:  Fillet weld for Top Flange to web weld

Type

Q) Filet weld

Butt weld

Weld size: in
LFD/ASD fatigue stress categony: atigue Category A e
LRFD fatigue stress categony: atigue Category A e
Electrode classification: ETO (SI) "

Electrode strength

Copy values from
library...

oK Apply Cancel

For weld design review of bottom flange — web fillet weld
Open Weld again and repeat above to define Weld Def Bottom. Indicate a value in the Weld size field for it to

undergo design review as per LRFD article 6.13.3.2.4. Click OK to save the definition.
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Structure Definition Connectors — Weld (Bottom)

M Structure Definition Connectors - Weld

MNarme: Weld Def Bottom
Description:  Fillet weld for Bottom Flange to web weld
Type
Q) Fillet weld
Butt weld
Weld size: 0.35 in
LFD/ASD fatigue stress categony: Fatigue Category A
LRFD fatigue stress categony: Fatigue Category A
Electrode classification: ETO (5I)

Electrode strength

936832 ks

rength J3003.  KE

library...

Copy values from

Cancel
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Weld Design and Weld Fatigue Analysis

The Connectors->Weld->Weld Def Top & Weld Def Bottom as defined should reflect on the TrainingBridgel

tree as shown below.
Bridge Workspace — Components - Weld

Workspace - 0 X

Bridge Compaonents
ER Compaonents
- [ Appurtenances
B [ Beam Shapes
5 ) Connectors
@ Balt
@ Mail
@ Rivet
- ) Weld
" 7 Weld Def Top
----- T Weld Def Bottom
[ @ Factors
- [ LRFD Substructure Cesign Settings
- [ Materials

Navigate to girder profile:

Navigate back to the Bridge tab and expand the MEMBERS folder. Expand G1 and then expand the MEMBER
ALTERNATIVES folder. Expand Plate Girder as shown below and open Girder Profile.
: Workspace — 0O x

Bridge Compaonents
= M TrainingBridge1 -
B [ Components
- [ Diaphragm Definitions
- [ Lateral Bracing Definitions
£ &) SUPERSTRUCTURE DEFINITIONS
- 4rf Simple Span Structure
| Impact/Dynamic Load Allowance
- gt Load Case Description
- A Framing Plan Detail
- B Eracing Deterioratiocn
- B3C Bracing Spec Check Selection
- 5 Structure Typical Section
- e Superstructure Loads

- [ Shear Connector Definitions
[ [ Stiffener Definitions
= & MEMBERS

= IG1

i’ 2Hr Member Loads

- g4 Supports
- &) MEMBER ALTERNATIVES
2 I Plate Girder (8] (C)
-~ &I Default Materials
- =Y Impact/Dynamic Load Allowance
- B Girder Profile
- gtz Hinge Locations
- [ splice Locations
-~ B Deck Profile
~ B Haunch Profile
- 22| ateral Support
- X Stiffener Ranges
G- [ Bearing Stiffener Locations
~ iy, Live Load Distribution
- @ Points of Interest
----- = Deterioration Profile
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Allocate flange - web weld definition
In the Girder Profile window, for Top Flange, locate the Weld field, select Weld Def Top from the dropdown as

shown below. This will design the top flange-web fillet weld for the range of the top flange plate indicated below.

Girder Profile — Top flange

™ Girder Profile - O X

Type:

Web Top flange Bottom flange

Begin End ; Start End
width  width Th'z}:;ess i‘;‘:f;’: distance Letr;tg]th distance Material Weld
(in) (in) (ft) (ft)
» 22 22 12501~ 0 161 161 | Grade 50W Weld Def Top
Lt el R ki BN st A s g ——eas
Repeat the same process for the bottom flange as shown below
Girder Profile — Bottom flange
M Girder Profile — O x
Type:
Web  Top flange Bottom flange
Begin End . Start End
width | width Th'mess i:':r'f; distance LTF‘?]th distance Material Weld w:"::t
o | () (f) (R 7
> 22 2 125)1  ~ 0| 366667 366667 Grade S0W || Weld DefBottom ~ [}- None-- ~
22 22 2|1~ | 366667| B87.6667| 1243334 |Grade50W || Weld DefBottom ~ [}-None--
22 22 1251~ | 1243334| 366666 161 | Grade SOW  ~ || Weld Def Battom  ~ [}- None -~

B MO P o S o o i . P

Please note that the same definition can be used for both the top and bottom flange to web welds provided that both
the weld definitions are either undergoing design or design review. Similarly different weld definitions can also be

used for different ranges of top and bottom flange plates.

Click OK to save the details of allocation and close the window.
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Define Analysis Settings
From the Analysis group of the DESIGN/RATE ribbon, click on the Analysis Settings button.

Bridge Workspace — Analysis Settings

E Bridge Workspace - TrainingBridgel AMNALYSIS REPORTS 7 — O *

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

Analysis Results

In the Analysis Settings window, click on the Open template button and select HL 93 Design Review as shown
below and click Open.

Open Template

M Open Template *
Templates Description Analysis Owner Public / Private
» | HL 93 Design Review HL 93 Design Review LRFD Public
HS 20 LFR Rating HS 20 LFR Rating LFR Public
LRFR Design Load Rating LRFR. Design Load Rating | LRFR Public
LRFR Legal Load Rating LRFR. Legal Load Rating LRFR Public
PR SN P g T A e s P e e

The Analysis Settings window is shown below.
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Analysis Settings

D Lnalysis Settings

o Design review Rating

Analysis type: Line Girder

Lane / Impact loading type: As Requested
Wehicles Output Engine Description

Traffic direction: Both directions ~
Vehicle selection

=-Vehicles

~HL-93 (51)
~HL-93 (US)
-HS 20 (51}
~HS 20-44

-LRFD Fatigue Truck (SI)
ER I,

Click OK to save the settings.

Analyze G1 — Plate Girder:

To perform the analysis on the G1 member alternative, right click on Plate Girder and select Analyze.

B (5 MEMBERS

Ia
= gy Member Loads
-~ " Supports
- |2 MEMEBER ALTERNATIVES
2 I Plate Girder () (C)
Expand Branch ials

Collapse Branch mic Load Allowance

Open ns
Copy ns
Duplicate
=

Delete t
Analyze N jes
Validate b ner Locations
View Summary Report tribution

t
View Detailed Report r;:oﬁle

Schematic

General Preferences

B&PoeBReoal| o0

Close Bridge Workspace

- M Single Span Bridge (E) (C)

R W e o U
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Weld Design and Weld Fatigue Analysis

View Spec Check for LRFD article 6.13.3.2.4

After the analysis completes, click on the Specification Check Detail button from the Results group of the
DESIGN/RATE ribbon to open the Specification Checks window (with the Plate Girder highlighted as shown

above).

Bridge Workspace — ANALYSIS DESIGN/RATE ribbon

-
br | Bridge Workspace - TrainingBridge1 ANALYSIS REPORTS
BRIDGE WORKSPACE WORKSPACE TOOLS WIEW DESIGMN/RATE REPORTING
1 = e
= = = | X
Analysis Analyze Analysis | Tabular |Specification] Engine Results  Sawve

Settings

Events

Analysis

Navigate to Superstructure Component->Stage 3->Plate Girder-> Span 1 — 64.4 ft. (this is a representative point

Results {Check Detailj Outputs  Graph Results

Results

for demonstration; you can navigate to any other spec check point you wish to check).

Open article 6.13.3.2.4 Fillet Welded Connections as shown below.

@

Properties

of

Generate

Specification filter

4 |_| Superstructure Component
»|_|Stage 1
» || Stage 2
4 |_|Stage 3
4 |_| Plate Girder

|4 5pan 1 - 0.00 ft.
| 5pan 1-13.66 ft.
|5pan 1-16.10 ft.
ISpan1-27.311t
| Span 1-32.20 ft.
| Span 1-40.73 ft.
| Span 1 - 4830 ft.

=1 Span DT
| 5pan 1- 8050 ft.
| 5pan 1-80.98 ft.
| 5pan 1-94.39 ft
| 5pan 1 - 96.60 ft.
| Span 1-107.81 ft.
| Span 1- 11270 ft.
| Span 1-121.23 ft.
|_i5pan 1 - 128.80 ft.
|_d5pan 1 - 134.64 ft.
| Span 1- 144.90 ft.
| Span 1-147.82 ft.
| Span 1-161.00 ft.

&M Specification Checks for Plate Girder - 44 of 1042

Articles

All articles o

Format

Bullet list ~
Report

Specification reference

NA& 6.10.7.1.1 General

N4 6.10.7.1.2 Nominal Flexural Resistance

¥ 6.10.7.2.1 General

6.10.7.2.2 Nominal Flexural Resistance

+" 6.10.7.3 Flexural Resistance - Ductility Requirement

M4, 6.10.8.1.1 Discretely Braced Flanges in Compression

N4 6.10.8.1.2 Discretely Braced Flanges in Tension

N4 6.10.8.1.3 Continuously Braced Flanges in Tension or Compression
6.10.8.2.1 General

6.10.8.2.2 Local Buckling Resistance

6.10.8.2.3 Lateral Torsional Buckling Resistance

6.10.8.2.3.Cb Lateral Torsional Buckling Resistance - Cb Calculation
6.10.8.2.3.rt Lateral Torsional Buckling Resistance - rt and Lp Calculation
6.10.8.3 Flexural Resistance Based on Tension Flange Yielding

v/ 6.10.9 LRFD Shear Resistance

6.10.9.1 Shear Resistance - General

+/ 6.13.3.2.4 Fillet Welded Connections
Vb 122 Design Crtena
APPDE.1 Plastic Moment
APPD6.2 Yield Moment
APPD6.3.1 In the Elastic Range (Dc)
APPD6.3.2 Depth of the Web in Compression at Plastic Moment
Steel Elastic Section Properties
Unbraced Length Calculations

Limit State Flex. Sense Pass/Fail

N/A
N/A
N/A
N/A
/A
/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
/A
/A
N/A
N/A
N/A
N/A

Not Applicable
Not Applicable
Failed

General Comp.
Passed

Mot Applicable
Mot Applicable
Mot Applicable
General Comp.
General Comp.
General Comp.
General Comp.
General Comp.
General Comp.
Passed

General Comp.
Failed

Passed

Passed

General Comp.
General Comp.
General Comp.
General Comp.
General Comp.

General Comp.
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Weld Design and Weld Fatigue Analysis

Weld details for top and bottom flange to web welds are provided as below. Note that the Top flange weld size is not

visible since it has been designed and shown below.

Specification Check Detail for 6.13.3.2.4 Fillet Welded Connections

Top flange to web weld

Fexx = T1.7937 (k3ai)
Fhie2 = 0.B000
Fu w = T70.0000 (kai)
Fu_tf = 70.0000 (kai)
Fhivu = 0.B500

Fexx = 71.7937 (kai)
Phiez = 0.B000

Fu w = 70.0000 (kai)

Fu Bf = 70.0000 (kai)
Phivu = 0.B500

HWeld size = 0.3500 {(in)

The weld resistances for the top and the bottom flange is shown below.

SUMMARY :

Weld Metal Besistance (top flange):

Brl = 0.6*PhieZ*Fexx = 34.4810 (k=si) (6.13.3.2.4-1)
Br2d = 0.58*Phivu*Fu tf*3QRT(Z) = 43.8045 (kai) {6.13.5.3-2
Rr3 = 0.58%Phivu*Fu w*350RT(2) = 43.8045 (kai) {6.13.5.3-2)
Er = Min(Rrl, Br2, Rri) = 34.4610 (ksi)

Weld Metal Resistance (bottom flange):

Rrl = 0.&*Phie2*Fexx = 34.4610 (ksi) {6.13.3.2.4-1)
Rr2 = 0.58*Phivu*Fu bf*SQRT(2) = 48.8045 (ksi) {6.13.5.3-2)
Rr3 = 0.58*Phivu*Fu w*SQRT(2) = 48.8045 (ksi) {6.13.5.3-2)
Rr = Min(Rrl, Br2, Rr3) = 34.4610 (ksi)

Last Modified: 2/7/2024 9



Weld Design and Weld Fatigue Analysis

Fillet - weld design for the top flange to web

Design Step 1
Allowable weld size was determined as per the strength criteria as shown in the tables below. Please note that

thickness and size have the same meaning here.
v (total)
Required weld thickness = —————————
Br

Factored leoad computation for weld design (top flange):

Limit Flex
State Type VDL Stage 1 DL Stage 1 VDL Stage 2 vDL Stage 2

{kip) {kip/in) {kip) {kip/in)
STR-I Pos a7.22 0.42 11.73 0.15
STR-I Pos 26.80 0.30 §.54 0.09
STR-I Pos 37.22 0.42 11.73 0.15
STR-I Pos 26.80 0.320 5.54 0.09
STRE-III Pos a7.22 0.42 11.73 0.15
STE-III Pos 26.80 0.30 6.54 Q.09
STR-III Pos 37.22 0.42 11.73 0.15
STR-III Pos 26.80 0.320 5.54 0.09
STR-V Pos a7.22 0.42 11.73 0.15
STR-V Pos 26.80 0.30 §.54 0.09
S3TR-V Pos 37.22 0.42 11.73 0.15
STE-V Pos 26.80 0.320 6.54 0.09
Limit Flex Load Bequired Weld De=zign
State Type Combao VLL vLL vtotal Size (Strength) Ratio Code

{kip) (kip/in) {kip/in) {in)

STR-I Pos 1 124,24 1.71 2.28 0.0935 2.000 Pass
STR-I Pos 1 -72.2% -1.00 -0.61 0.0251 2.000 Pass
STR-I Pos 2 101.61 1.40 1.597 0.0810 2.000 EEEE
STR-I Pos 2 -53.49% -0.83 -0.44 0.0181 2.000 Pa=s
STR-III Pos 1 0.00 0.00 0.57 0.0235 2.000 Pass
STR-III Pos 1 0.00 0.00 0.3% 0.0155 2.000 Pass
STR-III Pos 2 0.00 0.00 0.57 0.0235 2.000 EEEE
STE-IITI Pos 2 0.00 0.00 0.3% 0.015% 2.000 Pas3
STR-V Pos 1 85.8 1.32 1.90 0.0778 2.000 Pass
STR-V Pos 1 -55.77 -0.77 -0.38 0.0157 2.000 Pass
STE-V Pos 2 78.359 1.08 1.65 0.0875% 2.000 EEEE
STR-V Pos 2 -46.28 -0.684 -0.25 0.0103 2.000 Pass

Design Step 2
The weld size was optimized using article 6.13.3.4 as shown below to provide the final designed weld size for the top

flange to web weld.

Dezigned top flange fillet weld s3ize:

Erticle 6.13.3.4

Maximum fillet weld size allowed 0.4375 (in)

Minimum fillet weld size allowed = 0.3125 (in)

Dezign fillet weld size at the top flange = 0.3125 (im)

Last Modified: 2/7/2024 10



Weld Design and Weld Fatigue Analysis

Fillet - weld design review for the bottom flange to web:

Design Review Step 1
The bottom flange weld size (which was provided) was reviewed as per article 6.13.3.4 (allowable weld size) as shown
below:

Bottom Flange Weld:

Throat (eff) = 0.2475 {in)
Area(eff) = 0.4550 (in~2/1in)
HWeld Besistance = Br+L (eff)

Weld Besistance

17.0573 (kip/in)

Brticle 6.13.3.4:
Maximum weld size allowed
Minimum weld size allowed

0.4375 {in) Pass
0.3125 {in) Paas

Design Review Step 2
The bottom flange weld size specification check was performed

Specification Check for bottom flange-web weld:

Limit Flex
State Type VDL Stage 1 wDL Stage 1 WVDL Stage 2 wDL Stage 2

{kip) {(kip/in) {kip) (kip/in)
STR-I Pos 17.22 .49 11.73 0.13
5TR-I Pos 26.80 .35 6.54 0.07
STR-I Pos 17.22 .49 11.73 0.13
5TR-I Pos 26.80 .35 .54 0.07
STR-III Pos 37.:22 .49 11.73 0.13
STR-III Pos 26.80 0.35 6.54 0.07
STR-III Pos 37.:22 .49 11.73 0.13
STR-III Pos 26.80 0.35 6.54 0.07
STR-V Pos 37.:22 .49 11.73 0.13
STR-WV Pos 26.80 .35 5.54 0.07
STR-V Pos 37.22 .49 11.73 0.13
STR-V Pos 26.80 0.35 6.54 0.07
Limit Flex Load Beguired Weld Design
State Type Combao VLL vLL vtotal Size (Strength) Ratio Code

{kip) {kip/in) {kip/in) (in}

5TR-I Pos 1 124,24 1.32 1.54 0.07%98 3.771 Pass
STR-I Pos 1 -72.29 -0.77 -0.34 0.0140 49,510 Pass
STR-I Pos 2 101.61 1.048 1.70 0.0699 10.010 Pass
5TR-I Pos 2 -559.99 -0.64 -0.21 0.00487 20.893 Passz
STR-III Pos 1 0.00 0.00 0.62 0.0256 27.369 Pass
S5TR-III Pos 1 0.00 0.00 0.43 0.0175 39.930 Pass
STR-III Pos 2 .00 0.00 0.62 0.0256 27.369 Pass
STR-III Pos 2 .00 0.00 0.43 0.0175 39.930 Pass
STR-V Pos 1 85.584 1.02 1.64 0.0674 10.384 Pass
STR-V Pos 1 -55.77 -0.5% -0.17 0.0068 99.000 Pass
STR-V Pos 2 78.39 0.83 1.48 0.05%8 11.707 Passz
STR-V Pos 2 -45.28 -0.4% -0.07 0.0027 99.000 Pass

For article 6.13.3.2.4 to pass, the weld design (top flange) and the weld design review (bottom flange) should both

Pass.

Last Modified: 2/7/2024 11
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Close the bridge BID1 without saving it.
Weld Fatigue Analysis

Table 1: Weld Fatigue Analysis Detail

Fatigue Detail Conditions for Generation Fatigue Category
Web to flange weld | Detail automatically generated at every Category based on the ‘LRFD
analysis point for plate girders. fatigue stress category’ defined on
the ‘Structure Definition
Connectors — Weld definition’
window. Otherwise, determined
from the Specification.
Plate girder flange Detail automatically generated at every Schedule based beams: Category
groove welded butt analysis point where condition exists. based on the ‘LRFD fatigue stress
splices category’ defined on the ‘Structure
Definition Connectors — Weld
Definition” window. Otherwise,
determined from the Specification.
Analysis point at transition is generated | Cross Section based beams:
if user picks ‘Generate at section change | Determined from the Specification
points’. since the user cannot assign a weld
definition.
Bearing stiffener e Analysis point generated at every | Category based on the ‘LRFD
weld to top/bottom bearing stiffener location at an offset | fatigue stress category” defined on
flange distance from the C.L. of bearing | the ‘Structure Definition
specified by the user on the ‘Bearing | Connectors — Weld Definition’
Stiffener Location’ window if user | window.
picked ‘Generate at stiffeners’
e Detail only generated if ‘Top’ or
‘Bottom’ flange welds are defined on
the ‘Bearing Stiffener Definition’
window
Bearing stiffener e Analysis point generated at every | Category based on the ‘LRFD
weld to web bearing stiffener location at an offset | fatigue stress category’ defined on
distance from the c.l. of bearing | the ‘Structure Definition
specified by the user on the ‘Bearing | Connectors — Weld Definition’

Last Modified: 2/7/2024 12




Weld Design and Weld Fatigue Analysis

Fatigue Detail

Conditions for Generation

Fatigue Category

Stiffener Location’ window if user
picked ‘Generate at stiffeners’

e Detail automatically generated at
every analysis point where stiffener

exists

window. Otherwise, determined

from the Specification.

Transverse stiffener
weld to top/bottom

flange

e Analysis point generated at every
stiffener location defined on the
‘Stiffener Ranges’ window if user
picked “Generate at stiffeners’

e Detail only generated if the ‘Top’ or
‘Bottom’ flange welds are defined on
the ‘Transverse Stiffener Definition’

o Detail not generated at the respective
flanges if the “Top Gap’ or ‘Bottom
Gap’ user input on the ‘Transverse
Stiffener Definition’ window is

greater than zero

Category based on the ‘LRFD
fatigue stress category’ defined on
the ‘Structure Definition
Connectors — Weld Definition’

window.

Transverse stiffener

weld to web

e Analysis point generated at every
stiffener location if user picked
“Generate at stiffeners’

o Detail automatically generated at
every analysis point where stiffener
exists

e Distance to the fatigue detail from
the top or bottom of web is based on
the user input ‘Top Gap’ and /or
‘Bottom Gap’ on the ‘Transverse
Stiffener Definition” window. If the
values are left blank, the distance is

considered to be 0.0

Category based on the ‘LRFD
fatigue stress category’ defined on
the ‘Structure Definition
Connectors — Weld Definition’
window. Otherwise, determined

from the Specification.

Shear stud weld to

top flange

e Detail automatically generated at
every analysis point where shear
connectors exist

o Detail is only generated if a defined

shear connector is used. The detail

Determined from the Specification.

Last Modified: 2/7/2024
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Weld Design and Weld Fatigue Analysis

Fatigue Detail

Conditions for Generation

Fatigue Category

will not be generated for ranges
where “Composite” is chosen as the
Connector ID

Longitudinal

Stiffeners

e  Analysis point generated at the start
and end of the stiffener if user picked
‘Generate at stiffeners’

e Detail automatically generated at
every analysis point where a plate
longitudinal stiffener exists

e Category at the start and end of
the stiffener is determined from
the Specification

e (Category based on the ‘LRFD
fatigue stress category’ defined
on the ‘Structure Definition
Connectors — Weld Definition’
window. Otherwise,
determined from the

Specification

Welded cover plates

e Analysis point at start and end of
cover plate is generated if user picks
‘Generate at section change points’

e Start and end cover plate detail
automatically generated at every
analysis point where a welded cover
plate starts or ends

e Cover plate side weld detail
automatically generated at every
analysis point that contains a welded
cover plate

Category based on the ‘LRFD
fatigue stress category’ defined on
the ‘Structure Definition
Connectors — Weld Definition’
window. Otherwise, determined

from the Specification.

The above table provides the list of locations stating when and where the weld fatigue analysis is carried out.

The fatigue analysis of flange butt welds and welded cover plates at the start/end can be obtained by editing the

Member Alternative Description window -> Control Options tab -> LRFD -> Point of Interest -> Generate at

section change points as shown below.

Last Modified: 2/7/2024
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Weld Design and Weld Fatigue Analysis

Member Alternative Description — Control options

M Member Alternative Description

Member alternative: Plate Girder -
Description Specs Factors Engine Import = Control options 'e

L
LRFD )

1 Points of interest

Generate at tenth points

Generate at section change points l

Generate at user-defined points

Generate at stiffeners

R __‘,'—" . "1- B ....;L-—-—"’ q..-u" ’

As discussed in the beginning of this section, open BID1 from the Bridge Explorer and define a weld definition as
defined above in the section Structure Definition Connector and name it Weld Def. Assign the LRFD Fatigue

Category as Fatigue Category C.

Structure Definition Connectors - Weld

M Structure Definition Connectors - Weld - O X

Mame: Weld Def

Description:

Type

Q Fillet weld

Butt weld

Weld size: in

LFD/ASD fatigue stress category: Fatigue Category C W
LRFD fatigue stress category: Fatigue Category C v
Electrode classification: ET0 (SI) ~

Electrode strength

Copy values from
ez library...

oK Apply Cancel

Last Modified: 2/7/2024 15



Weld Design and Weld Fatigue Analysis

Stiffener Definitions — Transverse Stiffener Definition

Open the Stiffener Definitions — Transverse Stiffener Definition and assign the weld definition as shown below.

Workspace # X Schematic

Bridge Components
- @y TrainingBridge

B B Components D Transverse Stiffener Definition
[£? Diaphragm Definitions
[ Lateral Bracing Definitions Name: Stiffener

£+ &) SUPERSTRUCTURE DEFINITIONS

2 e Simple Span Structure

" :1( Impact/Dynamic Load Allowance o Single

- i+ Load Case Description

- 45 Framing Plan Detail

- B Bracing Deterioration

- B3L Bracing Spec Check Selection
1 Structure Typical Section Thickness: 075 in
2 Superstructure Loads

Stiffener type

Pair

Plate

Material: Grade S0W
« [£2 Shear Connector Definitions arena e
= |5 Stiffener Definitions
- 2 Transverse Welds
T seifener Top: Weld Def -
- I 1 Sided Dia Conn PL
- L 2 Sided Dia Conn PL Web: -- None - ~
#l- [ Bearing Bottom: Weld Def -

- [ MEMBERS
- (& BRIDGE ALTERNATIVES
- M Single Span Bridge (E) (C)

L

in

OK

Before running the LRFD design review for Member G1, Member Alternative

Apply Cancel

: Plate Girder as shown in the

previous section, make sure that in the Control options tab the Generate at Stiffeners option is selected.

M Member Alternative Description

Member alternative:  Plate Girder
Description Specs Factors Engine Import  Control option

LRFD
Points of interest
R Generate at tenth points
Generate at section change points
Generate at user-defined points

v
| Generate at stiffeners ]

Allow moment redistribution

Use Appendix A6 for flexural resistance
Allow plastic analysis

lgnore long. reinf. in negative moment capacity

Consider deck reinf. development length

Must consider user inp!

ateral bending stress

Perform the LRFD design review using the same settings shown in the previous section. After the LRFD design

review, go to Spec check at Stage 3->Plate Girder->Span 1 — 16.08 ft., article 6.6.1.2.2 Design Criteria. This is a

location of a transverse stiffener.
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Weld Design and Weld Fatigue Analysis

As shown below, the article shows the fatigue analysis for transverse stiffener to web weld (fatigue category from

specification), for transverse stiffener to flange weld (fatigue category defined) and flange to web weld (fatigue

category from specification).

ADTT(SL) Stress ———-——
75 year Max Mz Min Mz Limit Dist from
Detail Cet. T6.6.1.2.3-2 1141 LL+I  State Bottom DL +1Lz 1Lz 2103 (F)TE (Fin £ Fn/f Code
(kip-£ft) (kip-£r) {in) (ks1) (ks1) (ks1) ((ks1~=-3)) (k=i) (k=i) (ks1)
TranStiffFlgiWeld c 1680 1412.%0 FAT-I 70.25 -0.84 0.00 -— - - -— -— -—
TranSciffFlgWeld c 1680 1412.90 1.25 5.75 0 5.75 .74 Pass
TranSciffiebii=ld cr £75 1412.80 70.25 -0.84 0 — — — -
TranStiffilebWeld ct 875 1412.90 .25 5.75 0 5.75 2.09 Pass
TopFlgWebield B 1120 1412.%0 70.25 -0.84 0 -— -— _— _—
BotFlgWebield B 1120 1412.%0 1.25 5.75 0 120. 5.75 2.78 Pass
Close the BID1 and open BID2 from the Bridge Explorer.
Define a bearing stiffener to flange weld with LRFD Fatigue Category C as shown below.
R Bridge Workspace - TrainingBridge2 ANALYSIS REPORTS ? — [}
BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
- pr -
Close Export Refresh New
Bridge Manage
Workspace X Schematic £ X Report & XK
Bridge | Companents |
= ) Companents o
- |2 Appurtenances I
- 2 Generic M Structure Definition Connectors - Weld - O X
- ) Median
- &) Parapet
. W
1. b Barrier Mame: Weld Def
""" & Railing Description:
- [ Beam Shapes
E Type
Q) Fillet weld
Rive Butt weld
& Weld
- |5 Factors Weld size: in
@LFR . . - -~
) LFD/ASD fatigue stress category: Fatigue Category C w
L. LBFD 1994 AASHTO LRFD Specifications LRFD fatigue stress category: Fatigue Category C v
----- B LRFR o o)
@ LRFD Substructure Design Settings Electrode classification: el -
B &) Materials Electrode strength
@Aluminum
- &) Concrete
' T Deck Cancrete c lues
- [ Prestress Bar Opy valuss from
. library...
w Prestress Strand
- &) Reinforcing Steel
' @ Grade 60
wSo”
. OK Apply Cancel
- | Structural Steel PPy
b T Grade 50W .
- @Timber
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Weld Design and Weld Fatigue Analysis

Bearing Stiffener Definition

Assign the weld definition to the top and the bottom flange of the Bearing Stiffener as shown below.

s |

Bridge Workspace - TrainingBridge2 ANALYSIS REPORTS ? a
ERIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING
o 3 - By =
BS<C = I adl ﬁ
Close Export Refresh Open Copy Duplicate Delete
Bridge Manage
Workspace # X Schematic > X Report j7d
EBridge Components
= @ TrainingBridge2
geridg
- W{Iumponenh
- [ Diaphragm Definitions M Bearing Stiffener Definition O X
- [ Lateral Bracing Definitions
B [ SUPERSTRUCTURE DEFINITIONS Name: Stiffener 1
B 5 HDR Girder Line . - .
- . in —)Hé 0.75 in
-+ 7% Impact/Dynamic Load Allowance Plate e —
T .
“ pis Load Case Description .
Thickness: 0.75 n i
2 Superstructure Loads 0.75 n —
- @ Shear Connector Definitions Material: Grade 50W e
- |9 stiffener Definitions X
- [ Transverse Welds 5.73 in
Top: Weld Def i
Web: -- None -- v 0.75 in
[= &) BRIDGE ALTERNATIVES T
B M Bridge Alternative 1 (£) (C) Bottom: Weld Det e in = o0rs in
OK Apply Cancel
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Weld Design and Weld Fatigue Analysis

Cross Sections

Navigate to Cross Sections - Section 2, add a top cover plate as shown below

T et e P e BN e,

Stiffener Ranges

Open the Stiffener Ranges and define a plate longitudinal stiffener as shown below.

for | ANALYSIS REPORTS Bridge Workspace - TrainingBridge2

BRIDGE WORKSPACE WORKSPACE TOOLS VIEW DESIGN/RATE REPORTING

o | Bridge Workspace - TrainingBridge2 ANALYSIS REPORTS 7 -
BRIDGE WORKSPACE ~ WORKSPACE ~ TOOLS  VIEW  DESIGN/RATE  REPORTING
A E & #] ™ Cross Sections - @
=] X
Validate Close Export Ref
Name:  Section 2 Type:
Bridge Dimensions Bottom coverplates  Slab  Haunch
Workspace Attachment
O weided Relatve | Materia W(!d]“‘ "“‘(’.‘"}Ess Side weld End weld
Bridge  Components FEIEET in) in]
£ @ TrainingBridge2 Bolted/riveted > 1| Grade 50W 5 05 None -
B [ Components
[ Diaphragm Definitions
[ Lateral Bracing Definitions
S 5 SUPERSTRUCTURE DEFINITIONS
& ff HDR Girder Line
L Impact/Dynamic Load Allowance
4 Load Case Description
2k Superstructure Loads
[ Shear Connector Definitions
& 3 Stiffener Definitions
é B Transverse
(5 Bearing
" I stifener 1
= 9 MEMBERS
T Interior Member
e Member Loads
- g Supports
[ MEMBER ALTERNATIVES
& T Builtup Alt (8 (Q)
-+ BT Default Materials
namic Load Allowance
- 3 Cross Sections
I section Copy to bottom cover plates New Duplicate Delef
T Section 2

i A b stiftener Ranges
S

Close Export Ref ‘ ‘

Bridge T Stat Distance | Length |
" 0 1

Workspace
Transverse stiffener ranges | Longitudinal stiffener ranges

Bridge  Companents

- 2 Superstructure Loads Q e Angle
[ Shear Cannector Definitions -
E%ﬁenermmm“ Width Suppott | e | P e | ¥ Measured from

Transverse Xy numper 952 #) =

(3 Bearing Thickness
I stiffener 1 weld MR B B 50 60| 20 TopFlange (i)
€3 MEMBERS

& T Interior Member
l e Member Loads

- A Supports
- {3 MEMBER ALTERNATIVES
& I Builtup Alt () (C)
T Default Materials
1 Impact/Dynamic Load Allowance
- (7 Cross Sections
T section 1
T section 2
I section 3
+ 1 Cross Section Ranges
“ i Hinge Locations
2 Splice Locations
e

Stiffener Ranges

=7 Bearing Stiffener Locations
& Live Load Distribution
i+ [ Points of Interest
- B Detericration Profile
2 BRIDGE ALTERNATIVES

Width
(in)

Thickness.

(in)

Materi

0.5 | Grade 50W

New

ial

Duplicate

Apply

Delete

Cancel

D Bridge Alternative 1 (E) (C) v
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Weld Design and Weld Fatigue Analysis

Before running the LRFD design review of Interior Member - Member Alternative: Built-up Alt, make sure that

the following options are checked in the Control options tab of the Member Alternative Description window.

£ Member Alternative Description

Member alternative: Built-up Alt

Description Specs Factors Engine Import | Control options

=
LRFD
Points of interest a
Generate at tenth points
| Generate at section change |J::|ints]

Generate at user-defined points

| Generate at stiffeners ]

Allow moment redistribution

Use Appendix Ab for flexural resistance

Allow plastic analysis

Ignore long. reinf. in negative moment capacity

Must consider user input lateral bending stress

p=

As described in the previous section, perform an LRFD Design review. After the LRFD design review completes,
open the Specification Check Detail window. The article of interest is 6.6.1.2.2 Design Criteria.

Open the Spec check at Stage 3->Built-up Alt->Span 1 - 63 ft. (Left)

This shows the fatigue analysis of flange and web groove weld and shear connector welds to the top flange as shown

below. All the fatigue categories are from specification.

BEDTT(SL}) e Stress —-----
75 year Max Mz Min Mz Limic Dist from
Detail Cat. T6.6.1.2.3-2 LL:T II:I  State Bottom oL +LLz -LLz B¥10°3 (F)TE (FIn £ Fn/f  Code
(kip-fT)  (kip-ft) (in) (ks1) (ks1) (ks1) ((ks1~-3))  (k=1) (k=1) (ks1)
ShearConnsctor c 1620 37.63  -0.80 -0.34 0.24%%x -— - - -— - -
CovPlFlgEndWeld E 4615 37.63  -0.80 -0.16 0.11%%* -— - - -— -— -
FlgWeldtRight B 1120 37.63  -0.80 -0.34 - - - -— — -
FlgilelditRight B 1120 0.00 1.09 7.15 120.00 16.00 16.00 12.17 1.31 Pass
WebWeldAtRight B 1120 36.82  -0.76 -0.19 -— -— -— -— — -
WebieldAtRight B 1120 0.88 1.05 6.97 120.00 16.00 16.00 11.87 1.35 Pass
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Weld Design and Weld Fatigue Analysis

Spec check at Stage 3->Built-up Alt->Span 1 - 89.5 ft. (Left)
This shows the fatigue analysis of the bearing stiffener top and bottom flange (fatigue category defined) and the web

weld (fatigue category from spec).

ADTT(SL)
75 year Max Mz Min Mz Limit
Detail Cat. T6.6.1.2.3-2 LL+I LI+I  State (F)TH (Fin £ Fn/f  Code
(kip-ft)  (kip-fT) (xs1) (es1) (ks1)
BrgStiffrlgWeld cr 650 = 12 12 a1
BroStiffFlgWeld cr 650 + - - -—
BrgStiffiebisld cr 650 = 12 31
BrgStiffWebield cr 650 + -— -— e
ShearConnector c 120 = 10.00 10.00 0.61 16.29 Pass
B 746 + 16.00 16.00 0.55 29.31 Pass

CowPlFlgSideWeld

Spec check at Stage 3->Built-up Alt->Span 1 - 90 ft. (Left)
This shows the fatigue analysis of the cover plate side weld to the top flange (fatigue category from specification).

RDTT(SL) e Stress —---—-
75 year Max Mz Min Mz Limit Dist from
Detail Cat. T6.6.1.2.3-2 LL+I LL+I  State Bottom oL +LLz -Llz (F)TH (Fin £ Fn/f  Code
(kip-fr)  (kip-ft) (in) (ksi) (kai) (si) (lsi) (ksi) (ksi)
ShearConnector c 1120 + 0.00 -8 35.00  26.27% 0.62 44.00 10.00 10.00 0.62 16.20 Pass
B 746 = 0.00  -48 38.50  25.62% 0.55 120.00 16.00 16.00 0 28.15 Fass

CovPLFlgSidedeld

Spec check at Stage 3->Built-up Alt->Span - 27 ft. (Left)
This shows the fatigue analysis of the cover plate end weld to the top flange (fatigue category from specification).

EDTT(SL) e Stress ----—-
75 year Min Mz Limit Dist from
Detail Cat. T6.6.1.2.3-2 LI+I  State Bottom DL +LLz -llz (F)TH (Fin £ Fn/f  Code
{kip-£t) (in) (ksi) {kai) (ki) o (ki) (ks1) {kai)
ShearConnsctor c 1680 -0.48 -0.61 0.43%%% -— - - -— - -
5 1120 -0.47 -0.55 0.38%%+ -— -— -— -— — -

CovElFlgSideleld

Speck check at Stage 3->Built-up Alt->Span 1 - 10 ft. (Right)
This shows the fatigue analysis of the start of the longitudinal stiffener (fatigue category from specification).

ADTT(SL) s Stress —---—-
75 year Max Mz Min Mz Limit Dist from
Detail Cat. T6.6.1.2.3-2 LL+I LI+ State Bottom oL +LLz -1Lz (F)TH (Fin £ Fn/f  Code
(kip-ft)  {kip-ft) (in) (ksi) (ksi) (ksi) ( (ks1) (ks1) (ksi)
LongStiffiebield E 4615 162.59 -20.24 FAT-II 16.88 1.21 119 -0 11 4.50 2.87 1.37 2.10 Pass

Speck check at Stage 3->Built-up Alt->Span 1 - 60 ft. (Left)
This shows the fatigue analysis of the end of the longitudinal stiffener (fatigue category from specification).

ADIT(SL) e Stress —————
75 year Max Mz Min Mz Limit Dist from
Detail Cat. Té.6.1.2.3-2 LL+I LL+I State Bottom DL +LLz -LLz (F)TH (Fin f Fn/f Code
(kip-ft)  (kip-fr) (in) (k3i) (kai) (ies1) (k1) (k1) (k1)
LongStiffWebileld E 4615 244.65  -148.06 TAT-II 16.88 0.59 173 -1.08 11.00 4.50 2.27 2.88 1.00 Fail
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