August 2013

AASHTOWare Bridge Design Training

Weld Design and Weld Fatigue Analysis (BrD 6.5)

Topics Covered

e Flange to web weld LRFD Design
e Flange to web weld LRFD Design Review
e Weld Fatigue Analysis

Part 1: Weld Design/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 & Design Review Steps
Step 1- Open BID1:

Open Bridge Design (BrD) 6.5 and then open TrainingBridge1 (BID1)

Bt Bridge Design - [Bridge Workspace - TrainingBridge1]

File Edit VYiew Bridge Substructure ‘Window Help
0w @
=y R
Preliminary +

o EEE

I=I Tt ainingEridge]
[ Materials
[Z1 Beam Shapes
(2 Appurtenances

(2 Diaphragm Definitions
:1,_ Impact | Dynamic Load Allowance
MFF LRFD Mulkiple Presence Factors
[Z1 Factors
D LRFD Substructure Design Settings
EC Environmental Conditions
DF  Design Parameters
= D SUPERSTRUCTURE DEFIMITICNS
= b Simple Span Struckure
j Impact § Dynamic Load Alowance
2% Load Case Description
A Framing Plan Detail
OLS Diaphragm Loading Selection
m Struckure Typical Section
& Superstructure Loads
(2 Connectors
(2 shear Connector Definitions
(21 stifferer Definitions
[Z2] MEMBERS
= D BRIDGE ALTERMATIVES
= M Single Span Bridge (E) (C)
D SUPERSTRUCTURES
- Stiffriess Analysis
(Z3 FIERS

Figure 1
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Step 2- Open Weld Definitions:

Expand the “Simple Span Structure” under SUPERSTRUCTURE DEFINITIONS and then expand
Connectors. Open Weld Definitions.

= D SUPERSTRUCTURE DEFINITIONS
(= b Simnple Span Structure
j Impact | Dvnamic Load Allowance
2t | nad Case Description
L5 Framing Plan Detail
OLS Ciaphragm Loading Selection
m Skruckure Typical Section
=% Superstructure Loads
= [:l Connectars
(2 Bolt Definitions

(£ shear Connectar Definitions
(21 stiffener Definitions
[C1 MEMBERS

Figure 2
Step 3- Define Weld:

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.

ﬂ Structure Definition Connectors - Weld Definition

Mame: |weld Def Top Description: | Filet weld for Top flange to web weld
Type
() Fillat weld
() Butt weld
‘wheld gize in
LFD/ASD fatigue strezs category | Fatigue Category & A
LRFD fatigue stress category | Fatigue Categary A -
Electrode clagsification | ETO (S]] -
Electrode Strength
A5D ultimate tensile strength = ksi
LFD ultimate tensile strength = ksi
LRFD ultimate tensile strength = esi
Copy Y alues
from Library... [ [u]8 l ’ Apply ] [ Cancel
Figure 3
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For weld design review of bottom flange — web fillet weld:

Open Weld Definitions again (repeat step 2) and repeat Step 3 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.

m Structure Definition Connectors - Weld Definition

Mame: |'Weld Def Battom

Description; | Fillst weld for Bottorn flangs to web weld

Type
(%) Fillet weld

() Butt weld

weld size | 0.35 i

LFD/ASD fatigue stress categony | Fatigue Categary £

LRFD fatigue stress category | Fatigue Category &

Electrode classification | EF0(SI)

Electrode Strength

ASD ultimate tensile strength = ki
LFDr ultimate tensile strength = lesi
LRFD ultimate tensile strength = lesi

Copy W alues
fram Library... [ 1]

l ’ Apply ] [ Cancel

Figure 4

The Connectors->Weld Definitions->"Weld Def. Top” & “Weld Def. Bottom” as defined should reflect on
the “Simple Span Structure” tree as shown below.

=

Step 4- Navigate to girder profile:

b Simple Span Structure
j Impact [ Dvvnamic Load Allowance

2 | nad Case Description
A Framing Plan Detail
OLS Diaphragm Loading Selection
m Structure Typical Seckion
=& Superstructure Loads
I:l Conneckors
(2 Eolt Definitions
[=ENE | v cld Definitions
sl weld Def Top
sl weld Def Bottom
(23 shear Connector Definitions
(2 stiffener Definitions
[C3 MEMEERS

Figure 5

Navigate to MEMBERS and expand it. Expand “G1” and then expand MEMBER ALTERNATIVES.
Expand “Plate Girder” as shown below and open Girder Profile.
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= [Z] MEMBERS
= I al
== Member Loads
& Supports
= D MEMBER. ALTERMATIVES

= I Plate Girder (E) ()
LT Default Materials
j Impact | Dvnamic Load Alowance
Lt Live Load Distribution
;‘:, Hinge Locations
= Splice Locations
el Girder Profile
=1 Deck Profile
=1 Haunch Profile
21 | ateral Suppoart
21 Shiffener Ranges
(L Bearing Stiffener Locations
(L1 Points of Interest

Figure 6
Step 5- Allocate flange - web weld definition:
For Top Flange 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.
Type: | Plate Girder

web | TopFlange | Bottom Flange

Bedin Enid . Start En
Thickness| Support Length Weid at
Width | Wictth "Ein';ﬁs szir Distance i':gt Distance| Material Wt R":.g hf
(im im) [ft) ()
220000 220000 12500 1 | 00016100 161.00 Grades || EETRRET] - Mo ]

Figure 7

Repeat the same process for the bottom flange as shown below

Type: |Plate Girder

web | TopFlange | Bottom Flange

E«;gtlﬂ mEnT:tjh Th'c(:f_lr;ess aﬂm':;: Dg:::e Li':tgjth Dislig:-:e Material Wl pﬁﬁft
(ir) (ir) (ft) (ft)

220000 220000 12500 1 % 000 3687 3667 GradeS ¥|veld Def Bottom |- Mone |

220000 220000 20000 1 | 3667| 8767 12433 Grades |weld Def Battom |- hore v

220000 220000 12500 1 | 12433| 3667 161.00 orade s vi| DT v |- hore v

Figure 8

Last Modified: 7/31/2013 Page 4 of 17 AASHTOWare BrD 6.5.0



August 2013

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.
Step 6- Define Analysis Settings:

Click on View Analysis Settings button

Figure 9

Click on Open Template and select “HL 93 Design Review” as shown below and click Open:

Open Template

X

Templates Description
HL 9 i HL 93 Design Review
H5 20 Rating HS5 20 Rating

LRFF Design Load Rating
LRFR Legal Load Rating

LRFF Design Load R ating
LRFFR Legal Load Rating

Analysiz Owner Public/Priv...
Design-Feview Public
Fiating Public
Fiating Fublic
Rating Public:

Figure 10

The Analysis Settings window should be seen as below. Click OK to save the settings.

(& Analysis Settings

Design Method: |LHFD Vl
Analpzis Tupe:
Apply Preference Setting: |None Vl
Vehicles | Dutput | Engine | Description
Traffic Direction:
[ Refiesh ] [ Temporary Yehicles... ] [ Advanced, ]
ehicle Selection Wehicle Summary:
= Yehicles ~ Add to = Design Vehicles
(=) Standard Design (= Design Loads
Llternate Military Loading HL93[US)
HL-33 (1) Pemit Loads
HL-33 [US) (= Fatigue Loads
HS 20(51) n LRFD Fatigue Truck (US)
HS 2044 e
LRFD Fatigue Truck (1] om
LRFD Faligue Truck US] Analysis
Agency _ <«
User Defined -
Temporar bs
[ Reset | [ Ckar | [OpenTemple | [SaveTempite ] [ ok [ Apey  |[ Cancel |

Figure 11
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Step 7- Analyze G1 - Plate Girder:

Right click on “Plate Girder” and Select Analyze.

= I at
=4 Member Loads
z Supports
= D MEMEER. ALTERMNATIVES

= I Expand Eranch
&L Defal
-1 Collapse Branch
% Impac
:I.‘,IgT_ Live L CpEn
=r Hinge|  Copy
=r SPlice pelete
B Girder  peyiew
FDeckl  analee
m Hauns Schematic
B3 Later:

2 Shiffer  General Preferences

=
- [_]Bearin  Close Bridge Waorkspace
+ D Paints GF IAEEFESE

Figure 12
Step 8- View Spec Check for LRFD article 6.13.3.2.4

After the analysis gets completed click on the button “View Spec Check” to open the Specification check
window (with the “Plate Girder” highlighted as shown above).

EE O OB E| s B i 3

Figure 13

Navigate to Superstructure Component->Stage 3->Plate Girder-> Span 1 — 64.4 ft. (this is a
representative point 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:
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= (L3 Superstructure Component:

-] Stage 1

w1 Stage 2

= Stage 3

=0 Plate Girder

[ Span1- 0.00F.
[ 5pani- 13.66ft,
(1 Span1- 16.10Ft
(3 span1- z7.aLft,
(L Span1- 32,20t
[ Span1- 40.73ft.
[ 5pani- 4830 ft,
(1 Span1- S4.14ft,
<3 5panl- 64.40ft,
(L Span1- €7.56ft,
{1 Span1- 80.50ft.
(] Span1- 90.58ft,
(1 Span1- 94.39ft,
(3 span1- 96.60 ft,
(L Span 1 - 107.81 ft.

[ Span1- 112,70 ft.
(0 Span1- 121,23 ft,
(1 Span1- 128.80ft.
(3 span1- 134.64Ft,

(] Span 1 - 144.90 ft.

(3 Span 1 - 147.82 ft,
(L Span 1- 161,00 ft,

Speciication Reference Limit State
1.3.2.1 Design Philosophy - Limit State - General

' 2.5.2.6.2 Criteria for Deflection

4.6.2.7.1 I-Sections - Lateral Wind Load Distribution in Multibeam Bridges
5.4.2.6 Modulus of Rupture

6.10,1.1.1b Stresses for Sections in Positive Flexure

.10.1.10.1 Hybrid Factor, Rt

6.10,1.10,2 Weh Load-Shedding Factar, Rb

+ 6.10.1.6 Flange Stress and Member Bending Moments

+ 6.10.1.7 Minimum Negative Flexure Concrete Deck Reinforcement
6.10,1,8.1 Webs without Longitudingl Stiffeners

 6.10.11.1.2 Transverse Stiffeners - Projecting Width

' 6.10.11,1,3 Transverse Stiffeners - Moment of Inertia

' 6.10.2 Cross-Section Proportion Limiks

+ 6,10,4.2.2 Flexure

1U46.10.5.3 Special Fatigue Requirement for Webs

6.10.6.2.2 Camposite Sections in Pastive Flexure

6.10,6.2.3 Camposite Sections in Negative Flexure and Moncomposite Sections
N 6.10.7.1.1 General

N& 6.10.7.1.2 Nominal Flexural Resistance:

¥ 6.10.7.2.1 General

6.10.7.2.2 Hominal Flexural Resistance

' 6,10.7.3 Flesural Resistance - Ductilty Requirement

M&6.10.8.1.1 Discretely Braced Flanges in Compression

A 6.10.8.1.2 Discretely Braced Flanges in Tension

148 6,10.8.1,3 Continuously Braced Flanges in Tensian o Compression
6.10.8.2.1 General

6.10.8.2.2 Local Buckiing Resistance

6.10.8.2.3 Lateral Torsional Buckling Resistance

6.10,8.2.3.Ch Lateral Torsional Bucking Resistance - Ch Calculation
6.10.8.2.3.tt Lateral Torsional Bucking Resistance - rt and Lp Calculation
&.10.8.3 Tension-Flange Flexural Resistance

' 6.10.9 Shear Resistance

6.10.9.1 Shear Resistance - General

> 6.10_General_Flexural_Results

+” 6.6.1.2.2 Design Criteria

APPDE.1 Plastic Moment

APPD6.2 Vield Moment

APFD6.3.1 In the Elastic Range (Dc)

#PPDG, 3.2 Depth of the Web in Compression at Plastic Moment.
Steel Elastic Section Properties

Figure 14

Flex, Sense Pass/Fail

HiA General Comp.
HiA Passed

NiA General Comp,
HiA General Comp,
HiA Genersl Camp,
HiA General Comp.
HiA Genersl Comp,
NiA Passed

HiA Passed

HiA General Comp.
HiA Passed

HiA Passed

NiA Passed

HiA Passed

HiA Pck Applcable
HiA General Comp.
HiA Genersl Comp.
e Mot Applicable:
HiA Mot Applicable
Wi Faled

HiA General Comp,
HiA Passed

HiA Mot Applicable:
HiA Mot Applicable
e Mok Applicable:
HiA General Comp,
HiA Genersl Camp,
HiA General Comp.
HiA Genersl Comp,
NiA General Comp,
HiA General Comp,
HiA Passed

HiA General Comp.
A Faled

NiA Passed

HiA Passed

HiA General Comp.
HiA General Comp,
HiA Genersl Camp,
NiA General Comp,
HiA Genersl Comp,

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.

Top flange to web weld

Fexx = 71.7937 (ksi)
0.8000

=]
=
-
m
ra
]

Fexx = 71.7937 [(k=i)
Fhiez = 0.s000
Weld zize = 0.3500 [(dim)

Figure 15

The weld resistances for the top and the bottom flange are shown below:

SUMMARTY :

Weld Metal Fesistance (top £lange):
Br = 0.6%PhieZ*Fexx = 34,4610 (k=zi)

Weld Metal Besistance (bottom f£lange):
Br = 0.6%PhieZ*Fexx = 34,4610 (k=i)

Figure 16

{6.13.3.2.4b-1)

{6.13.3.2.4h-1)
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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.

W [total)
FRequired weld thickness = -—————--————
Br * 3grci(z)

Factored load computation for weld design (top flange):

Limit Flex
State Type VDL Stage 1 wDL Stage 1 VDL 3tage 2 DL Stage 2
(kip) (kip/in) (kip) (kip/in)
3TR-TI Pos 37.22 0.42 11.73 .15
3TR-TI Pos 26.80 0.30 £.54 0.09
STR-I Pos 37.22 0.4z2 11.73 0.15
STR-I Pos 26.80 0.30 G.54 0.09
STR-III Pos 37.22 0.4z2 11.73 0.15
STR-III Pos 26.80 0.30 G.54 0.09
STR-III Pos 37.22 0.4z2 11.73 0.15
STR-III Pos 26.80 0.30 G.54 0.09
STR-V Pos 37.22 0.4z2 11.73 0.15
STR-V Pos 26.80 0.30 G.54 0.09
STR-V Pos 37.22 0.4z2 11.73 0.15
STR-V Pos 26.80 0.30 G.54 0.09
Limit Flex Load Fegquired Weld Dezigm
State Tyvpe Combo VLL vLL vtotal Size(dtrength) Ratio Code
(kip) (kip/in) (kip/sinj {in)
S5TR-I Pos 1 124,24 1.71 2.29 0.0469 1.00 Pass
S5TR-I Pos 1 72.29 1.00 1.38 0.0284 1.00 Pass
S5TR-I Pos 2 101.61 1.40 1.97 0.0405 1.00 Pass
S5TR-I Pos 2 59.99 0.83 1.22 0.0z249 1.00 Pass
S5TR-III Fos 1 0.00 0.0a 0.57 0.0117 1.00 Pass
S5TR-III Fos 1 0.00 0.0a 0.39 0.0o79 1.00 Pass
S5TR-III Fos 2 0.00 0.0a 0.57 0.0117 1.00 Pass
S5TR-III Fos 2 0.00 0.0a 0.39 0.0o79 1.00 Pass
STR-V Pos 1 95.54 L. 32 1.590 0.0359 1.00 Pass
STR-V Pos 1 55.77 0.77 1.16 0.0237 1.00 Pass
STR-V Pos 2 78.39 1.05 1.65 0.0339 1.00 Pass
STR-V Pos 2 46,28 0.64 1.03 0.0210 1.00 Pass
Figure 17

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.

Designed top flange £illet weld zsize:

Article 6.13.3.4
Maximam fillet weld size allowed = 0.4375 [in)
Minimam fillet weld size allowed = 0.3125 (in)

Jezgign fillet weld =2ize at the top flange =

Figure 18

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

Design Review Step 1. Bottom flange weld size (which was provided) was reviewed as per article
6.13.3.4 (allowable weld size) as shown below:
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Bottom Flange Weld:

Throat(eff) = 0.2475 (in)
hArea(eff) = 0.4950(in*Z/1in)
Weld Resistance = Br*ia(eff)

Weld Resistance = 17.0573(kip/in)

Article 6.13.3.4:

Maximum weld size allowed = 0.4375 (in) Pass
Minjmim weld zize allowed = 0.3125 [(in) Pass
Figure 19

Design Review Step 2: Bottom flange weld size specification check was performed

Specification Check for bottom f£lange-web weld:

Limit Flex
State Type VDL Stage 1 wDL Stage 1 VDL Stage 2 wDL Stage 2
{kip) (kipsfin) (kip) (kipsfin)
3TR-I Pos 37.22 0.4a 11.73 0.13
STR-I Posz Z6.80 0.35 5.54 0.07%
STR-I Poz 37.22 0.49 11.73 0.13
3TR-I Pos 26.80 0.35 6.54 0.07
3TR-III Pos 37.22 0.43 11.73 0.13
STR-IITI FPos Z6.80 0.35 6.54 0.07%
STR-IITI Pos 37.22 0.49 11.73 0.13
STRE-III Pos 26.80 0.35 6.54 0.07
STR-W Pos 37.22 0.49 11.73 0.13
3TR-V Pos Z6.80 0.35 6.54 0.a7
STR-V Posz 37.22 0.49 11.73 0.13
STR-W Poz 26.80 0.35 6.54 0.07
Limit Flex Load Fequired Weld Design
State Type Combo VLL vLL wtotal Size(Strength) Ratiao Code
(kip) (kip/fin) [kip/in] [in]
3TR-I Pos 1 124,24 1.32 1.34 0.0399 g.77 Pass
3TR-I Pos 1 72.29 .77 1.z0 0.0245 14.z6 Pass
STR-I Poz 2 101.61 1.08 1.70 0.0350 10.01 Pazz
STR-I Poz 2 59,99 0.64 1.07 0.0219 16.01 Pass
STE-III Pos 1 0.00 0.00 0.62 0.0125 27.37 Pass
3TR-III Pos 1 0.00 0.00 0.43 0.00585 39.93 Pass
STR-IITI FPos 2 0.00 0.00 0.62 0.01Z5 27.37 Pazz
STR-IITI Pos 2 0.00 0.00 0.43 0.00885 39.93 Pazz
STR-W Poz 1 95.84 l.02 l.g4 0.0337 10.38 Pass
STR-W Pos 1 55.77 0.59 l.02 0.020%9 16.72 Pass
3TR-V Pos b4 758.39 0.83 1.45 0.0299 11.71 Pass
STR-V Poz 2 d6. 28 0.49 0.8z 0.0159 158.55 Pazz
Figure 20

For article 6.13.3.2.4 to pass, weld design (top flange) and weld design review (bottom flange) should
both “Pass”.

Close the bridge BID1 without saving it.
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Part 2: 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 analysis point for plate girders.

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

from the Specification.

Plate girder flange
groove welded butt

splices

Detail automatically generated at
every analysis point where condition

exists.

Analysis point at transition is
generated if user picks ‘Generate at

section change points’.

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

from the Specification.

Cross Section based beams:
Determined from the
Specification since the user

cannot assign a weld definition.

Bearing stiffener
weld to top/bottom

flange

e Analysis point generated at
every bearing stiffener location
at an offset distance from the
C.L. of bearing specified by the
user on the ‘Bearing Stiffener
Location’ window if user picked
‘Generate at stiffeners’

o Detail only generated if ‘Top’ or
‘Bottom’ flange welds are

defined on the ‘Bearing Stiffener

Definition’ window

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

window.

Bearing stiffener

weld to web

e Analysis point generated at

every bearing stiffener location

Category based on the ‘LRFD
fatigue stress category’ defined

Last Modified: 7/31/2013
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at an offset distance from the c.l.
of bearing specified by the user
Stiffener

Location’ window if user picked

on the ‘Bearing

‘Generate at stiffeners’
Detail automatically generated at
where

every analysis point

stiffener exists

on the ‘Structure Definition
Connectors — Weld Definition’
window. Otherwise, determined

from the Specification.

Transverse
stiffener weld to

top/bottom flange

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

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

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

Analysis point generated at
every stiffener location if user
picked “Generate at stiffeners’
Detail automatically generated at
every analysis point where
stiffener exists

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

tobe 0.0

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

from the Specification.

Last Modified: 7/31/2013
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Shear stud weld to

Detail automatically generated at

Determined from the

Detail automatically generated at
every analysis point where a

plate longitudinal stiffener exists

top flange every analysis point where shear | Specification.
connectors exist
Detail is only generated if a
defined shear connector is used.
The detail will not be generated
for ranges where "Composite" is
chosen as the Connector ID
Longitudinal Analysis point generated at the | ¢ Category at the start and
Stiffeners start and end of the stiffener if end of the stiffener is
user picked ‘Generate at determined from the
stiffeners’ Specification

e Category based on the
‘LRFD

category’ defined on the

fatigue stress

‘Structure Definition
Connectors - Weld
Definition’

window. Otherwise,
determined from the
Specification

Welded cover

plates

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

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

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 location stating when and where the weld fatigue analysis is carried

out.
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The fatigue analysis of flange butt welds and welded cover plates at the start/end can be obtained by
editing the Member Alternative Name->Control Options->LRFD->Point of Interest-> “Generate at section
change points” as shown below.

Member Alternative: | Flate Girder

Description | Specs | Factors || Engine | Impaort | Contral Options

LRFD LRFR

[C31 Paints of Interest [C31 Pair
Generate at tenth points
Generate at zection change pointz O
Generate at uzer-defined points
[ Generate at stiffeners O

Figure 21

A new Control Option “Generate at Stiffeners” under Point of Interest has been added for v6.5 to generate
the analysis point at the locations of transverse, bearing and at the start and at the end point of
longitudinal stiffeners.

Member Alternative; | Plate Girder

Description | Specs | Factors | Engine || Import | Control Options

LRFD LRFR

Faintz of Interest =3 P
Generate at tenth points ¥
Generate at section change points C
Generate at user-defined points ¥
Generate at stiffeners C

Figure 22

Open BID1 and define a weld definition as defined in page 3 of this document. Assign the LRFD Fatigue
Category as “Fatigue Category C””. Open the transverse stiffener definition (Stiffener) and assign the weld
definition as shown below.
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E Transverse Stiffener, Definition

Mame: | Stifferer
Top Gap:
Stiffener Tupe .
(®) Single i
O Pair
Flate BOOOO [in o
Thickness 07500 5,
I aterial Girade B b4 Eottom Gap
in
wields
. L Fan ‘wield Def v
= (L stifferer Definitions i
i - Mone - v
=[] Transwverse
— Fotfom
I StiFFener
T 1 sided Dia Conn PL
T 2 sided Dia Conn PL ok J[_ eeob J[cance
——

Figure 23

Before running the LRFD design review of a Member G1, Member Alternative: Plate Girder, make sure
that you have the Control Options selected for “Generate at Stiffeners”

After the LRFD design review, 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 transverse stiffener.

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).

ADTTISLY  mmmmeeee SLress —--------
75 year Max M Min M Limit Dist from
Derail cac. T6.6.1.2.3-2 L1+T L1+T State Borron DL +LL -LL A*10*8 (F)TH iFin £ Fn/f Code
(kip-in)  (kip-in) (in) (k=) (=i} (ki) ((ksi*-3)]  (ksi) (ki) [ksi)
TrandtiffFlgield c' 745 1zll.05 0.00 FAT-I 70.25 -11.58 -0.7z 0.opFE# == == == == == ===
TrandtiffFlglleld o 745 lzll.0s 0.00 FAT-I L.z5 13.48 4.93 .00 44.00 12.00 12.00 4.93 2.44 PA3E
Transtiffileblleld ct 745 1211.05 0.00 FAT-T 70.25 -11.88 -0.72 0.00#%s% -—= -—= -—= -—= -—= -—-
TranitiffWebleld c' 745 lzll.05 0.00 FAT-I L.z5 13.48 4.93 .00 44. 00 1z.00 1z.00 4.93 2.44 FAIS
TopFlglebWeld E 880 1211.0% 0.00 FAT-I 70.25 -11.88 -0.72 .00 - - - - - -
BotFlglWebWz1d B 860 1211.05 0.00 FAT-T 1.25 13.48 4.93 0.00 120.00 16.00 16.00 4.93 3.25 PASS
Figure 24

Close the BID1 and open BID2

Define a bearing stiffener to flange weld with LRFD fatigue category C’. Assign the weld definition to the
top and the bottom flange as shown below
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@ Bearing Stiffener, Definition

Name: |Eiii=gE i 0.7500 in
]
Flate Y
Thickness 0.7500 | 0.7500 |5, —
I aterial Grade 500/ w
5.7500 |
wields
Fan ‘weld Def T
: in T
S - MNone - w ;Ic
I
Foftam ‘wield Def v
n =t o700 [,
[ 0] H Apply ][ Canicel
Figure 25

For Cross Sections -> Section2, add a top cover plate as shown below

Mame; |Section 2 Type: | Builup Section

Dimensions | Top Cover Flates | Bottom Cover Plates | Slab Haunch

Attachment

() whelded

(") Bolted/Riveted
REVE|  oteria | V) THICKNESS| o wveig | Endwield
Position {in) [im

1| Grade 50w %5000 05000 |- Mone - %] - Nane - ¥

Figure 26

Define a plate longitudinal stiffener as shown below

Transverse Stiffener Ranges | Longitudinal Stiffener Ranges

@ Plate () Angle
L 1
Start Enci
= rt L h Wictth Thicki
Swidth szn'fn?ar Distance e(?g Distance A4 Measured From (i |c(‘:)ess Material Weld
j:z | _ [U13] (it
Thickness F 1~ 10,00 50.0000 £0.00 20000 | Top Flange (i E| 50000 0.5000 | Grade S0y |- Morne - ]
eld

Figure 27

Before running the LRFD design review of Interior Member, Member Alternative: Built-up Alt, make sure
that you have the Control Options selected for “Generate at Stiffeners” and “Generate at section change
points”.

After the LRFD design review, Spec check for article 6.6.1.2.2 Design Criteria.

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

ADTT(SLYy . mmmmeeee STress ---------
75 year Max M Min M Limit Dist from
Detail Cat. T&.6.1.2.3-2 LL+I LL4I State Bottom DL +LL -LL AT1048 iF)TH (Fin £ Fn/f Code
(kip-in)  {(kip-in} (in} (ksi) (ksi) (kai) ({ksi*-3)]  (ksi) (=i} (=i}
FlgWeldAtRight B 860 423, 56 -2597.63 FAT-I 37.63 -0.80 -0.29 4.62 120,00 16,00 Lla.00 4.92 d.25 PAGS
FlgleldAtRight B 860 423. 56 -297.63 FAT-I 0.o0 1.09 6.13 -5.57 1z20.00 16.00 16.00 11.70 1.37 PASS
WebWeldAtRight E 860 423.56 -297.63 FAT-I 36.88 -0.78 -0.16 4.42 120.00 16.00 L1&.00 4.59 3.49 PASS
WebWeldAtRight )il 860 423. 56 -287.63 FAT-I 0.88 1.05 5.88 =5,33 1z0.00 16.00 le.00 11.31 1.41 PASS
ShearConnector C 1250 423. 56 -297.63 FAT-I 37.63 -0.80 -0.29 4.62 44,00 10.00 10.00 4.92 2.03 PASS

Figure 28
Speck check at Stage 3->Built-up Alt->Span 1 89.5 ft. (left)

This shows the fatigue analysis of bearing stiffener top and bottom flange (fatigue category defined) and
the web weld (fatigue category from spec).

ADTT(SL) e Stress ————————
75 ywear Max M Min M Limit Dist fromw
Detail Cat. Tk.6.1.2.3-2 LL+I LL+T ftate Botton DL +LL -LL AF1048 (F)TH iFin £ Fn/f Code
(kip-in)  (kip-in) [in) (ki) (l3i) (kai) ((k=i*-3))  (ksi) (kai) (ki)
BrgStiffFlgileld ct 496 + 0.00 -422.82 FAT-I 37.50 23.77% 0.00 3.59 44.00 1z.00 12.00 3.59 3.34 PASS
BrgStiffFlgWeld = 498 + 0.00 -422.82 FAT-I 1.50 -21.48% 0.00 =i, S === === === === === ===
BrgitiffiWebWeld = 496 + 0.00 -422.82 FAT-I 36.75 2Z.83% 0.00 3.42 44.00 1z.00 1z.00 3.4z 3.51 BASS
BryStiffileblield ct 496 + 0.00 -422.82 FAT-I 2.25 -20.54% 0.00 -4, 33%%% -—= - -—= -—= --- -—=

Figure 29
Speck check at Stage 3->Built-up Alt->Span 1 90 ft. (left)

This shows the fatigue analysis of cover plate side weld to the top flange (fatigue category from
specification).

ADTT(3L)  mmmemmeee STress —--------
75 year Max M Min M Limit Dist from
Detail Cat. TE.6.1.2.3-2 LL+I LL+I State Bottom DL +LL -LL A*1048 (F)TH (Fin £ Fu/E Code
(kip-in) ikip-in) (in) iksi) iksi) (ksi) [ (ksi*-3)) (k=si) (ksi) (ksi)
CowPlFlgiideleld B 573 + 0.00 -425.16 FAT-I 36,50 25.62% .00 3.83 120.00 16.00 16.00 3.63 4.17 PA3S

Figure 30
Speck check at Stage 3->Built-up Alt->Span 2 27 ft. (left)

This shows the fatigue analysis of cover plate end weld to the top flange (fatigue category from
specification).

ADTT(SL) e Stress ---------
75 year Max H Min M Limit Dist from
Detail Cat. T6.6.1.2.3-2 LI+I LI+ Ftate Botton DL +LL -1L AT104G (FITH (Fin £ Fn/f  Code
(kip-inj  {kip-in} (in) (ksi) (iesi) (iesi) ((ksi*-3))  (ksi) (ksi) (iesi)
CovPlFlgEndield E' 6485 211.36  -148.39 FAT-II 38.50  -0.47 -0.23 1.34 3.90 2.60 2.03 1.57 1.29 PASS

Figure 31
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).

EDTT(SLY [ YT R ——
75 year Max M Min M Limit Dist from
Detail Cat. T6.6.1.2.3-2 LL+I LL+T State Botton DL +LL -LL AF1048 iF)TH i(Fin £ Fn/f Code
(kip-in) (kip-in) (in) iksi) (k=si) iksi) [ (ksi*=3)1) iks1) (ksi) (ksi)
LongitiffWebiWeld E 3530 152.43 -22.73 FAT-II 16.88 .27 1.17 0,17 11.00 4.50 2.87 1.34 2.14 PAGH

Figure 32
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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).

ADTTYSL) e Stress —-------—-
75 year Max M Min M Limit Dist from
Detail Cat. T6.6.1.2.3-2 L1+T LL+T State Bottom DL +LL -LL A*1048 (FITH iFin £ Fn/t Code
ikip-in) iEip-in) (in) (k=i) (kai) (k=i) [ (Ea3i*-3)) (kai) ikai) iksi)
LongStiffiebileld E 3530 229.36 -139.75 FAT-IT 16.88 0.62 1.76 -1.07 11.00 4.50 2.87 2.83 1.01 PASS

Figure 33
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