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3DFEML1 - Diaphragm Spec Checking

BrD and BrR Training
3DFEML1 - Steel Diaphragm and Lateral Bracing Specification Checking

Example

Topics Covered
o  Steel Diaphragm Connection Data Entry
e Bracing Deterioration

e Bracing Specification Checking

This example describes data entry and specification checking for a steel diaphragm. Bottom flange lateral bracing

members have the same features as diaphragms.

Import the “3DFEML - Diaphragm Spec Checking.xml” file into BrDR. Click OK to close the Bridge window.

M DiaphTraining o |[@ =
) | DiaphTrairning * DiaphTrairing [ ] Template Superstuctures
Bridge 1D: MBI Structure (D [2): ] Bridge Completely Defined [ ] Cubverts
Description | Description [contd] | Alternatives | Global Feference Paint | Traffic | Custorn Agency Fields
Mame: Steel Diaphragm Example “Vear Built
Degcription:
Laocation: Length: ft
Facility Carried [7]: Foute Humber: 1
Feat. Interzected [B]: ki, Post:
Default Units: | 5 Custamary v
AASHT O are Azzociation... | BR[| BiD B Aoy Cance]
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3DFEML1 - Diaphragm Spec Checking

“Connectors” have been moved up in the Bridge Workspace tree and are now located below the Bridge instead of

under a particular superstructure definition. This was done to allow bolts to be assigned to Diaphragm Definitions.

Bridge Workspace - DiaphTraining \El@

= ¢ DiaphTraining

[ [ Materials

@ (L] Beam Shapes
- (2] Appurtenances
5 [ Connectars

2 [ Bolt Definitions
T
. [0 Weld Definitions
. [Z1 Rivet Definitions
.. (I Mail Definitions

- [ Diaphragm Definitions

- [0 Lateral Bracing Definitions
- =1 |mpact / Dynamic Load Allowance
- MFF LRFD Multiple Presence Factors
[ |21 Facters
- [0 LRFD Substructure Design Settings
- E¢ Environmental Conditions

- OF  Design Pararmeters

= (21 SUPERSTRUCTURE DEFINITIONS
----- b Single Span Example

- [ BRIDGE ALTERMATIVES

Open the higlighted bolt definition to review the bolt to be used in the diaphragms.

-

m Structure Definition Connectors - Bolt Definition == =]
Mame; |7/8" AZZ25 Dezcription:
Library designation | AASHTD M 164 [US] W Bolt threads excluded from shear plane
Bolt diameter = |0.875 v [in Hole diameter = | 0.3375 i
Connection Tupe Hale Size Load Direction Surface Class Haole Type
. Slip-critical (®) Standard (@) &ny direction (T Class & () Punched full size
I Bearing — Oversize () Transverse (®) Class B (®) Drilled full size
b Az el () Parallel () Class () Subpunched and reamed to size
Grip length: it (_) Long zlot
ASD LFD
Allowable shear stress = 23,750 lesi Allowable shear stress = 43.000 lesi
Mominal slip resistance = 23000 lesi Design slip resistance = 32000 lesi
LRFD : o
Minimum tensile strength, Fub = 120,000 kzi Kh= 1.000 ks= 0500 DIITI:IFrl:rS...mm
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3DFEML1 - Diaphragm Spec Checking

The following sketch illustrates the intermediate diaphragm that will be described for this example.

——— ——
~ <

Double-click the “Diaphragm Definitions” folder and create the following diaphragm definition:

M, Diaphragm Definition E@

Name: | 1YPe2 Diaphragm type: |TYPE2 ¥ Mumber of elements in fiked members: | 1 ~

Members | Connections

Diaphragm types:

A > B
=y Section Section 2
AEILEE THErE Orientation Location Material
= AB L 3-1/2x3-1/2x3/8 || Wertical | w | Bottom Right ||| Grade 50 £
C = D CO  |L 3-12x3-1/2x3/8 vl vertical v BottomRight  |w|[Gradeso vl
Type: 1 AE L 3-1/2%3-1/2x3/8 |w| Wertical | w | Bottom Right ||| Grade 50 v
EB L 31231126308 | »| Wertical | »| Bottom Right | w || Grade 50 ]
A i B
c D
Type: 2
A B
Connection LI Y LPEEEL
Type (in} From
A Pinned ] 6.00 [Top of Web %]
B Pinned || 6.00 | Top of Web ||
© g c Pinned v 5.00|Botiom of Web  [w
Type: 3 - T T
D Pinned || 6.00 |Bottom of Web ||
E Pinned ] ]
A B

i

Type: 4

sony_|[_cance
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3DFEML1 - Diaphragm Spec Checking

The following sketch from the Help illustrates the “Section Location” selection.

Choices are top left, Top Right, Bottom Left and Bottom Right (see below)
Y

Top Leu LTop Right
Angles X
Bottom L\ﬂﬂ rBottom Right

The Diaphragm: Connections tab is a new tab in BrDR 6.8. Enter the following data to describe the bolts in the

diaphragm.
M Diaphragm Definition Ei

Type 2 Diaphragm type: |Type2 ¥ Number of elements in fixed members: | 1 v

Mame:

Members | Connections

Bolt definition: 778" AZ2S ~

Member Work Point Number Hott Line Bolt Spacin ETE LiT

Member | Connection | Connection |  Offset | Longitudinal EDI'_t; — (Luﬁg.} ’ Edoc Edge
Type (in} Bolt Lines (T rgns.} (in) Dlst_an ce Dlst_an ce

(in} fin} fin}
AB A Bolt | v 1 2 3.0000 2.0000 1.7500
AB B Bolt | 1 2 3.0000 2.0000 1.7500
cD = Bot | 1 2 3.0000 2.0000 1.7500
cD D Bolt 1wl 1 2 3.0000 2.0000 1.7500
AE A Bolt | 1 2 3.0000 2.0000 1.7500
AE E Bot | 1 2 3.0000 2.0000 1.7500
EB E Bolt v 1 2 3.0000 2.0000 1.7500
EB B Bolt | v 1 2 3.0000 2.0000 1.7500

Description of the Work Point Offset:

A w
Work Point Offset /< .

for Member AE, — A
Connection A

Y (typ)

- g
c D
Dashed lines show the member lengths as computed based
on the girder spacing and Y offsets entered by the user.
The user can enter the Work Point Offset shown to reduce the
length of member AE used in the slenderness ratio (Kl/r)
calculations.
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3DFEML1 - Diaphragm Spec Checking

The following sketch describes the bolt entry fields. For this example, 1 longitudinal bolt line that contains 2 bolts
per line is described.

Long. Edge Dist [+* l Trans. Edge Dist.
o O
O O Bolt Line
o o Spacing (Trans) = 2" each
o O

M Bolt Spacing (Long) = 3" each

4 longitudinal bolt lines
2 bolts per line

The following new fields were added to the Superstructure Definition: Analysis tab to control the bracing specification
checking. “3D Bracing Member End Connection Analysis” allows the user to specify what forces should be used
when connection specification checking is implmented in the future. The LRFR factor data selected here will be used

for all bracing members unless the bracing member has different factor data entered on the Bracing Deterioration

window.
r 7
fn Girder System Superstructure Definition (===
Definiion | Analysis | Specs | Engine
Structural Slab Thickness MHumber of shell elements
anzider structural slab thickness for rating (®) In the deck between girders
[+] Consid | slab thick, f i In the deck. b d
ohzider structural slab thickness far design () In the web between flanges
[#] Consid | slab thick for desi I th b b fl
‘wearing Surface Slower Faster
Conzider wearing surface for rating More accurate Less accurate
Congzider wearing surface for design
09 8 7 6 5 4 3 2 1
["] Consider striped lanes for rating
Default £nalysis Type: | Line Girder < Target aspect ratio for shell elements

Longitudinal Loading Slower Faster

o Mare accurate Less accurate

Yehicle increment; | 1.000 ft
Transverse Loading 10 15 20 25 30 35 40
Wehicle increment in lans: | 2.000 fi /36 Eracing Member End Connection Analysis \
Lane increment: | 4.000 ft (®) Calculated factored member force effects
() Maximum of average [stress + strenagth] and 752% resistance

30 Analyziz Control Options
LFD: Maodel non-composite regions as non-composite Bracing Member LRFR Factors
[T]LRFD: Model non-composite regions as non-composite Condition Factor: | Good aor 5 atisfactony v
["]LRFR: Model non-composite regions as non-composite kD Field measured section properties _/
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3DFEML1 - Diaphragm Spec Checking

The finite element analysis can now consider wind load applied to the FE model. Open the Load Case Description
window and add the following load case for the wind load:

-
™ Load Case Description E\@
- Time*
Load Case Name Description Stage Type (Days)
| DC acting on non-composite section Non-composite (Stage 1) |~ DDC v
DCz DC acting on leng-term compesite section Composite (long term) (Stage 2) |»||DDC v
D DV acting on long-term composite section | Composite (long term) (Stage 2) | »||D,OW £
SIP Forms Weight due to stay-in-place forms Nnn-cnmEnsﬂ& gstaue 1) w| D DC W
Wind Composite (short term) (Stage 3) LW, WS v )
Prestreszed members anly Add Default Load :
Caze Descriptions KL Duplicate Delete
QK Apply Cancel

Open the Framing Plan Details: Diaphragms tab and assign the diaphragm definitions to the interior diaphragm
locations for all 3 girder bays:

.

M Structure Framing Plan Details E\@
Mumber of zpanz = 1 Number of girders = 4
Layout | Diaphragms | Lateral Bracing Flanges
Girder Bay: |1 W Diaphragm
ey .. Wizard...
Support S (D;itan e D'; p:;;gm Number | Length £ EE?;E"C& Load Diagh
Mumber - - - FEer] of Spaces| (ft) - - - (Kip} iaphragm
Left Girder Right Girder (ft) Left Girder Right Girder
1 [w] 0.00 0.00 0.00 1 0.00 0.00 0.00 — Mot Assigned — v
1 v 0.00 0.00 25.00 2| 50.00 50.00 50.00 | Type 2 v
1 [w] 75.00 75.00 0.00 1 0.00 75.00 75.00 — Mot Assigned — |w]
Mew Duplicate Delete
Last Modified: 8/12/2016 6
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3DFEML1 - Diaphragm Spec Checking

The Framing Plan Schematic displays the location labels for the bracing members:

-

m Schematics: Framing Plan View (===
B kaae @ -[s0%
DiaphTraining
Steel Diaphragm Example - Single Span Example
0721116
750"
1-1 (1 -2 G1 1-3 1-4
2 2
=) =)
r 4 _000deg = 90.0 deg.
-1 -2 2-3 P-4
s s
=1 R T T T T T T =1
3 3
3-1 -2 G3 -3 B-4
2 2
=1 =1
G4

The new Bracing Deterioration window allows the user to describe deterioration on the bracing members. Double-

click the “Bracing Deterioration” label in the BWS tree and create a new deterioration description for the diaphragm

assigned to location 1-2 in Bay 1:

Bridge Workspace - DiaphTraini... [ = || & |[5]

=]

{0 DiaphTraining

e

i IO e A O B

- [ Materials

- [0 Beamn Shapes

- [[1 Appurtenances

- [ Connectors

- [Z Diaphragm Definitions

(23 Lateral Bracing Definitions
= Impact / Dynamic Load Allowance
MFF LRFD Multiple Presence Factors

- [ Factors

(23 LRFD Substructure Design Settings
Ec Environmental Conditions

OF  Design Parameters

&

- [:I SUPERSTRUCTURE DEFINITIONS

b Single Span Example

=1 Impact / Dynamic Load Allowance
2% Load Case Description

A Framing Plan Detail

B eracing Deterraion

Bracing Type

MNew Bracing Deterioration

....... B30 Bracing Spec Check Selection (®) Diaphragm () Lateral Bracing
------- I Structure Typical Section
....... & Superstructure Loads. N Bay: |1 w Location: | 1-2 W
------- [Z1 Shear Connector Definitions
G- (L] Stiffener Definitions
G- (2] MEMBERS
G- (3 BRIDGE ALTERNATIVES et
Last Modified: 8/12/2016 7
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3DFEML1 - Diaphragm Spec Checking

Enter the following values for section loss on Member AB. This section loss will be used in rating, not in design
review. The superstructure definition LRFR condition factor can also be overriden for this particular member on this
tab.

s

m Bracing Deterioration |3

Bracing Type
® Diaphragm Lateral Bay. 1 Location;  1-2 Diaphragm type; Type 2

tMember AB | Member CD' | Member AE | Member EB

Shape: L 31/243-1/2:34 LRFR
Condition Factor, | Good or 5 atisfactany ]

[ Field measured section properties

% ;
: % Thickness Start End
Leg o Lozz Location Distance Laagh Distance
Loss (%) ) L )
(%)
Horizontal W 200 20.0 |Distance w 3.0000 2.0000 3.0000
Mew Duplicate Delete

The Bracing Specification Check Selection window allows the user to select which diaphragms and lateral bracing
should be specification-checked:

-

1

o Bracing Specification Check Selection [= @ ][=]

Diaphragms | Lateral Bracing

Select diaphragms for specification checking in a 30 analysiz:

Select Al Clear Al

Bay 1 Bay 2 Bay 3
[] 11 [] 2 ] 31
1-2 22 3=z
013 | Q23 33
[]1-4 | ]2 ]34

Last Modified: 8/12/2016 8 AASHTOWare BrDR 6.8



3DFEML1 - Diaphragm Spec Checking

Open the Superstructure Loads: Wind tab to enter the following information. Note that wind is only considered in an

LRFD design review, not in a rating. The wind load path data only applies to line girder analysis where the wind load
is approximated on the exterior girder.

-

i Superstructure Loads == ||ﬁ
Unifarm Temperature | Gradient Temperature | ind | DL Distribution l
Load Case Mame ;| Wind W
Wind Load B asis
(®) Gust speed () Fastest-mile speed
Gust Speed wind Load Fazstest-Mile Speed Wind Load
Wind 4] .
Limit State Load Wind load = psf
(psf)
Strength I £0.000
Strength 70.000
Service | S5 000
Service IV 52 000 W
Wind Load Path
(@) Truzz action
(") Frame action
() Flange subjected to lateral force

Since wind is a horizontal load that is now being considered, at least 2 bearings should be constrained in the Z direction
for at least 1 girder. The following is the Supports: 3D General tab for G1:

-

o Supports (== ||_-3?"

Gereral | Elastic| 30 General | 3D Elastic

Local Translation Constraints Local Rotation Canstraints
Support Support
Number Type X Y z X Y Z
1 Finned | [] [] []
2 |Roler v [1 [ [] []

Last Modified: 8/12/2016 9 AASHTOWare BrDR 6.8



3DFEML1 - Diaphragm Spec Checking

Open the Analysis Settings window and select the following setttings for a 3D LRFD design review.

-

o Analysis Settings o = | =]
(@) Design Review () Rating Design Method: LRFD! ¥
Analysis Type: Analysis Option:

30 FEM w | | DL, LL and Spec-Checking W
A3 Requested Apply Preference Setting: | Mone v
Wehicles | Output | Engine | Description
Traffic p"EC.“Dn: Refrezh Temporary Vehicles.., | | Advanced..
Both directions v
Yehicle Selection: Yehicle Summary:
= Yehicles Add to =)- Design Yehicles
= Standard Fatigus = Design Loads
- &lbernate Military Loading i e HLA3 [US)
HL-53 [51) > - Permit Loads
HL-93 [U5) =) Fatigue Loads
HS 201(51) A - LRFD Fatigue Truck [US)
HS 20-44 '?mm
- LRFD Fatigue Truck (51) e
. LAFD Fatigue Truck (U5 Analysis
- BOency o
- User Defined
- Temporary
Reset Clear Open Template Save Template Apply Catcel

) Analysis Settings = || =] ==
(®) Design Feview () Rating Design Method: | LRFD >
Analpsiz Type: Analpsis Option:

30 FEM w | | DL, LL and Spec-Checking W
Az Requested Apply Preference Setting: | Nonhe w
‘ehicles | Output | Engine | Description
Tabular Results: AASHTO Engine Reports:
[ Concrete Limit State Summary Report 1 Miscellaneous Reports: ~
& Dead Load Action Report O Girder Propetties
[ Live Load Action Fiepart O Summary Influence Line Loading
[ LRFD Critical Loads Report O Detailed Influence Line Loading
[ LRFD Specification Check Report O Capacity Summary
[T PS Concrete Strezs Report O Capacity Detailed Computations
[T RC Service Stress Repart FE Model far DL Analyziz
[ Steel Limit State Summary Fepart FE Model for LL Analysis
O LL Influence Lines FE Model
O LL Influence Lines FE Actions
O LL Distrib. Factor Computations W
Select Al Clear &l Select All Clear &ll
Rezet Clear Open Template Save Template Cancel

Last Modified: 8/12/2016
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3DFEML1 - Diaphragm Spec Checking

Select the name of the superstructure definition in the Bridge Workspace tree and click Analyze.

i Bridge Workspace - DiaphTraini...| = || 2 [[s£3m

= &M% DiaphTraining

H [ Materials

- [_] Beam Shapes

- [ Appurtenances

i [ Connectors

i [ Diaphragm Definitions

------- (L] Lateral Bracing Definitions

------- :1,_ Impact / Dynamic Load Allowance
------- MFF LRFD Multiple Presence Factors
- [_] Factors

------- (L] LRFD Substructure Design Settings
------- EC Environmental Conditions

....... OF Design Parameters

- ] SUPERSTRUCTURE DEFINITIONS

= ] Single Span Example

....... L Load Case Description
------- £ Framing Plan Detail
- (] Bracing Deterioration

....... m Structure Typical Secticn
------- & Superstructure Loads

------- (L1 Shear Connector Definitions
[ [ Stiffener Definitions

- [ MEMBERS

E

- [ BRIDGE ALTERNATIVES

....... BSC Bracing Spec Check Selection

------- j Impact / Dynamic Load Allowance

O] sl

In this example, only the selected diaphragms will be analyzed and specification checked. None of the girder members

have member alternatives marked as Existing (E), so they are not included in the analysis.

Last Modified: 8/12/2016
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3DFEML - Diaphragm Spec Checking

After the analysis completes, open the Tabular Results window while the superstructure definition is selected to see

the bracing member results:

& e @@ B~

LAPRE -

-

M Analysis Results - Simple Span Structure Bracing
Feport Type Stage Dead Load Case Girder Bay
[Dead Load Actions v | | Mon-composite [Stage 1] v | | Self Load [Stage 1:0.DC]. w | |AllBaps Y]
. Bracing Axial % Shear | Z Shear | Torsion | % Moment | Z Moment ~
Bracing Element et Node (kip) (kip) (kip) (kip-ft} (kip-t) (kip-ft)

85 0.012 0.000 0.002: 0.001 0.00% 0.000
322 co1 24 0.001 -0.000: -0.087: -0.001 0.206 0.000
253 -0.001 0.000 0.087: 0.001 0.228 -0.000
323 Chz: 253 0.024 0.000 0.058: 0.001 -0.134 0.000
a7 -0.024: -0.000: -0.058: -0.001 -0.156 0.000
324 AE 22 0.015: -0.000 0.106: -0.005 -0.624 0.000
253 -0.015 0.000: -0.106: 0.005 -0.068 -0.000
325 EB: 253 -0.015 0.000: -0.038: 0.004 -0.053 0.000
85 0.015: -0.000 0.038: -0.004 0.300 0.000
2-2 331 AB 85 -0.103 0.000: -0.000: O0.000 0.003 0.000
148 0.103 0.000 0.000: -0.000 0.002 0.000
332 co1 a7 0.025: -0.000: -0.054: -0.001 0.138 -0.001
255 -0.025 0.000 0.054: 0.001 0.133 -0.001
333 ChZ: 255 0.183 0.000 0.056: 0.001 -0.142 0.000
150 -0.183: -0.000¢ -0.058: -0.001 -0.138% 0.000
334 AE 85 0.102: -0.000 0.052: -0.003 -0.337 0.000
255 -0.102 0.000: -0.052: 0.003 0.001 -0.000

335 EB: 255 -0.103 0.000: -0.05%: 0.003 0.011 0.001 w

AASHTO LRFD 30 Engine Yersion B.8.0.3001

Analyzis Preference Setting: Mone

Cloze

The wind load results can also be viewed in this window:

-

f) Analysis Results - Simple Span Structure Bracing
Report Type Stage Dead Load Caze Girder Bay
Dead Load Actions w\ | Composite [short term] (Stage 3] % WS fram Left [Strength 1:5tage = w f | AllBays W
Bracing Element ~
118 1.796 0.0m -0.433 0.000 -1.285 0.000
324 AE 30 1.131 0.001 0.208 0.000 0.802 0.000
337 -1.131 -0.001 0.208 0.000 0.548 0.004
323 EB: 337 -1.125% 0.000 0.037 0.000 0.518 0.000
114 1.12% -0.000 0.037 0.000 -0.275 0.000
2-2 331 AR 114 -0.160 0.000 0.000 0.000 0.001 0.000
198 0.160 0.000 0.000 0.000 0.000 0.000
332 CcD1 116 -1.804 0.004 0.007 0.000 0.034 0.7
339 1.604 -0.004 0.007 0.000 0.000 0.004
333 CDz: 338 -0.797 -0.001 0.005 0.000 0.008 -0.003
200 0.797 0.001 0.005 0.000 0.014 0.000
334 AE: 114 0.561 -0.000: -0.002 0.000 -0.008 0.000
339 -0.661 0.000: -0.002 0.000 -0.008 -0.001 “
AASHTO LRFD 3D Engine Yersion 6.8.0.3001
Analysis Preference Setting: Mane
Close
£ >
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3DFEML - Diaphragm Spec Checking

Specification check details can be viewed for the bracing members:

Bridge Design/Rating - DiaphTrai

ing

File

Edit View Bridge

Substructure  Tools

Window Help

TR LD

B KR 0 R

LI O-CRE

RA2ZRIE=

|| rctiminay o e n i E E R | B

ey

I Bridge Workspace - DiaphTraini..| = | & |[ &2 |

r (32 Bridge Design/Rating bridges retrieved for the current folder, all rows retrieved)

G

[ ¢ DiaphTraining

Bridge ID Bridge Name | District | County | Faciity | Location | Route Feature Intersected
(1 Materials ningBridge1 [Training Bridge 1(LRFD) [District 11/01 Abbev|SR 0051 |Pitsburgh [0051 SR 6050
(1 Beam Shapes
(] Appurtenances M Specification Checks for Simple Span Structure Bracing - 11 of 130 E’
[ Connectors =3 Superstructure Component | Specification Reference Limit State Flex. Sense Pass/Fail
g [L)':ph;aggm DJ'S';M: £.10.1.1.1b Stresses for Sections in Positive Flexure N/A General Camp.
ateral Bracing Definitions
=y N +" £.13.4 Block Shear Rupture Resistance N/A Passed
1 Impact / Dynamic Load Allow; ~/ 652 Tencile Resish A Puened
8.2 Tensile Resistance asser
HFF LRFD Multiple Presence Factor
.84 Tension Limiting Slenderness Ratio assel
(3 Factors i 684 T Limi Slend R N/A Passed
[ LRFD Substructure Design Sett +* 6.9.3 Compression Limiting Slenderness Ratio N/A Passed
£t Environmentsl Conditions 946.9.4.1.1 Nominal Compressive Resistance N/A Passed
oF .9.4.1.2 Truss Elastic Flexural Buckling Resistance... eneral Comp.
Design Parameters £.9.4.1.2 Truss Elastic Flexural Buckling R N/A General Comp,
(21 SUPERSTRUCTURE DEFINITIO 14 6.9.4.1.3 Elastic Torsional Buckling and Flexural-T... N/A Mot Applicable
) brrd Single Span Example £.9.4.2 Nonslender and Slender Member Elements N/A General Comp.
L Impact / Dynamic + 6944 Single-Angle Effective Slendemness N/A Passed
&+ Load Case Descripti Steel Elastic Section Properties N/A General Comp.
£F Framing Plan Detail
(2 Bracing Deteriorati
BSC Bracing Spec Checl EREEK
{13 Structure Typical Section o & EXAMpIE CRFD & EXAMpIE T
2 Superstructure Laads D Substructure Example 4 LRFD Substructure Example 4 (NHI Hammer Head) El L]
(23 Shear Connector Definitions al Reference 1 Visual Reference 1 District 1 |12 Chest |76 WAITSFEL |76 |MAD RIVER P
&rt Example 1 Culvert Example 1 STHBD Y
(0 stiffener Definitions Curved Guide Spec LFD Curved Guide Spac Example 1 4
(£ MEMBERS iCell Box Examples [Multi Cell Box Examples 100 P |
(21 BRIDGE ALTERMATIVES Iset Plate Example [Gusset Piate Example District 1 Some High
ple Splige Exampl ]
gl

The following specification article illustrates how the wind load is combined with the live load:

Spec Check Detail for 6.9.4.1.1 Nominal Compressive Resistance

Load Combination Legend:

STR-IV 1 Compression -3.38 6.
SIR-IV 2 Compression -2.03 10.
SIR-IV 2 Compression —3 .28 6.
STR-V 1 Tension =
SIR-V 1 Compression —5.87 3.
S5IR-V 2 Tension ==
SIR-V 2 Compression —5_93 3.
SIR-V 4 Tension ==
SIR-V 4 Compression —5.87 3.
STR-V 5 Tension =
SIR-V 5 Compression —5_93 3.
STR-V & Tension =
SIR-V [ Compression —5.87 3.
STR-V 7 Tension =
STR-V i Compression —5.93 3.

NA = This article is for compression only.

Code Vehicle
1 HL-93 (U5) :T+L
2 HL-93 (U5) :Ta+L
4 HL-93 (U5):T+L + Wind from Left
5 HL-93 (U5):Ta+L + Wind from Left
(3 HL-93 (U35 +L + Wind from Right
7 HL-93 (US):Ta+l + Wind from Right
3 IRFD Fatigue Truck (US):T

£

30 Pass L
50 Fass
30 Fass
= HA
63 Fass
== HE
59 Fass
== HL
63 Fass
= HA
59 Fass
= HA
63 Fass
= HA
=9 Pass
W
>

Last Modified: 8/12/2016
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3DFEML1 - Diaphragm Spec Checking

The following new output files are available:

& E @B e |

B = B

.

am

DiaphTraining

™y

= || = | 22|

= Single

=] D_iaphTraining

Span Example

- AASHTO_LRFD_3D

- G1
i Plate Girder

‘.. Plate Girder
.. Plate Girder

.. Plate Girder

-~ 571 Span 30 Model

-~ 571 Span 30 FE Model Graphics
-~ 571 Span 30 Model Actions

- 52 Span 30 Model

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

- Wwind load calculations

-~ 53 5pan 30 Maodel
-~ 53 5pan 30 FE Model Graphic:
- Tranzwversel naderPatterns

- Bracing Spec Check Results P

- Log File

Wind load is calculated based on the projected area of the superstructure elevation. Wind load on the barrier, deck

and ¥ the girder depth (as measured between the top flange and bottom flange nodes in the FE model) is applied to

the top flange node in the windward side exterior beam. Wind load on the bottom %2 the girder depth is applied to the

bottom flange node in the windward side exterior beam.

% beam depth +
deck + barrier

Last Modified: 8/12/2016
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3DFEML1 - Diaphragm Spec Checking

For curved structures, wind is applied along the chord length. This is done by adjusting the user input wind pressure
by the ratio of the chord length divided by the arc length. For curved girder systems with superelevation, wind load
is also computed for the additional height of exposed barrier and additional exposed beam depth.

7

!
N\

e AT

g [

\

27 |
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3DFEML1 - Diaphragm Spec Checking

A summary of the bracing specification check results is also available:

-
@@ 2 C:\Users\KKennelh\D( O ~ & ” & C\Users\KKennelly\Docum... | | 9.9 653
File Edit VYiew Favorites Tools Help
5;3 f’:} = E v [Z] @ - Page~v Safety~ Tools~ ﬂ' ”
Bridge ID : 32 NBI Structure ID : DiaphTraining A
Bridge : Steel Diaphragm Example Bridge Alt -
Superstructure Def - Single Span Example
Member - Diaphragm and Lateral Bracing
Analysis Preference Setting : None
AASHTOQO LRFD Specification, Edition 7, Interim 2016
Specification Check Summary
Article Status
Flexure (6.10.8.1.1, 6.10.8.1.2, 6.8.23,
6.92.2) NA
Axial Tension (6.8.2) Pass
Anxial Compression (6.9.4.1.1) Pass
Block Shear Rupture (6.13.4) Pass
Tensile Resistance
. Bracing Pu Pr Design
Bracing Member LS LC (kip) (kip) Ratio Code
1-2 AB STR-I 1 11.22] 100.55 8.06| Pass
AB STR-I 1 -6.77| 10055 99.00] NA
AB STR-I 2 11.58] 100.55 8.68| Pass
AB STR-I 2 -6.83[ 100.55 99.00] NA
AB STR-III 1 -2.03[ 10055 99.00] NA
AB STR-III 1 -2.82 10035 99.00] NA v
AD oTD TTT ul N2 inn < a0 nn AT A
< -
| 100% |-
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3DFEML - Diaphragm Spec Checking

In a similar manner, an LRFR or LFR rating can be performed. Note that wind is not included in the rating analysis

but section loss is.

-

o Analysis Settings (= [E@]=]
() Design Review (®) Rating Rating Method: | LFFR ]
Analyziz Type: Analyzis Dption:
3D FER w | DL, LL and Spec-Checking W
Lane/lmpact Loading Type:
Az Requested Apply Preference Setting: | Mone W
Wehicles | Qutput | Engine | Description
etz F)IIEC.:IIDI’T Refresh Temporary Yehicles... | | Advanced...
Bath directions v
‘Wehicle Selection: ‘Wehicle Summary:
LRFD Fatigue Truck [US) a| Add e Rating Vepicles
NRL Operating - LRFR
G4 (- Design Load Rating
-5U8 24 i Bk Inventary
5UB L b Type3
57 g (- Operating
Type 3 T”‘""e L L Typed
- Type 3-3 rom. Fatigue
- Type 352 Analysis [=)- Legal Load Rating
- fgency <« i - Routine
- Uger Defined ; - Specialized Hauling
- Temporary W i Permit Load R ating
Reset Clear Open Template Save Template Apply Cancel
m Analysis Results - Simple Span Structure Bracing [a]= ] =]
Repart Type Lanempact Loading Type Display Farmat
Fiating Fesults Summary v | (@ AsFequested () Detailed Single rating level per row W
Live Load Lo ezil Rating Method RLatlng LeERE Rating Factor e e e Limit State Impact Lane
"LRFR inventory o000 1-2EB STRENGTH  AsRequested  As Requested
Type 3 Axle Load : LAFR | Operating: 7962 3185 0.00  0-(100.0) 1-2EB STRENGCTH- | As Requested: As Requested:
ABSHTO LRFR 30 Engine Yersion 6.8.0.3001
Analysis Preference Setting: Mone
Close

Spec Check Detail for 6.8.2 Tensile Resistance

& Steel Structures
6.8 Tension Members
6.8.2 Tensile Resistance

The section loss that was entered for member AB in

Diaphragm 1-2 is considered.

(RASHTO LRFD Bridge Design Specifications,

Diaphragm 1-2 AB - Start Stage 3

Drilled Holes: No

Seventh Edition - 2014, with 2016

Pr = min

Phiy*Pny
Phiu*Pnu

<

Phiy = 0.95
Phiu =  0.80
Ep 0.90

§5.00 (ksi)

|” Ehiy*Eny = Phiy*Fy*iq

| Phiu*Pnu = Phiu*Fu*Rn*Rp*U |
_l (6.13.4-1)

|_Rr

96.90 (kip)
79.02 (kip)

_\ (6.8.2.1-1)

(6.8.2.1-2)
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3DFEML1 - Diaphragm Spec Checking
If the user wants to change a piece of data that does not directly impact the FE analysis or results, such as the bolt
details in a diaphragm, the Analysis Settings window allows the user to process just a specification check without re-

doing a full analysis.

The following shows the details for Article 6.8.2 for Member EB in the diaphragm 1-2. Note the net area.

Spec Check Detail for 6.8.2 Tensile Resistance

6 Steel Structures -~
6.8 Tension Members

6.8.2 Tenaile Resistance

(AASHTO LRFD Bridge Design Specificaticns, Seventh Edition - 2014, with 2016 Interims)

Diaphragm 1-2 EB - Start Stage 3

Drilled Holes: No

Phiy = 0.95
Phiu = 0.80
Rp = 0.90
Fu = 65.00 (ksi)
Fy = 50.00 (ksi)
<2&n = 2.15 {in"2) >
Ag = 2.50 (imn~2)
T = 1.00
| EPhiy*Pny = Bhiy*Fy*Ag | (6.8.2.1-1)
Pr = min| Phiu*Fnu = Phiu*Fu*An*Rp*0 | (6.8.2.1-2)
|_Rr _l (6.13.4-1)
Phiy*Pny = 118.75 (kip)
Phiu*Pnu = 100.55 (kip)
Rr = 152.75 (kip)
Fr = 100.55 (kip)

Design Ratio = Pr/Rxial Force <= 99.0

< >

Open the Diaphragm Definition window for the Type 2 diaphragm and modify the bolt details for Member EB by

adding an extra line of bolts:

-

Lo Diaphragm Definition =1 EH[ES

Mame: Type 2 Diaphragm type: (Type2 ¥ Number of elements in fixed members: | 1 2

Members | Connections

Bolt definition: T8 AZS Y]

Membe.r Work Point Nul.'nbe.r Bolts per g‘;’tllc_ii:; Bolt Spacing 'I'Er:;:. Iéal;i
Member | Connection | Connection Of_fset Lon grtL!dln al e TreTa) (Lu_n a.) Distance | Distance
Type {in) Bolt Lines (in} (in} (i} (i}
AB A Bolt &3 1 2 3.0000 2.0000 1.7500
AB B Bolt v 1 2 3.0000 2.0000 1.7500
CcD C Bolt v 1 2 3.0000 2.0000 1.7500
cD D Bolt v 1 2 3.0000 2.0000 1.7500
AE A Bolt v 1 2 3.0000 2.0000 1.7500
AE E Bolt v 1 2 3.0000 2.0000 1.7500
EB E Bolt v C 2 2 Cﬂ.SDDD 3.0000 2.0000 1.7500
EB B Bolt v 1 2 3.0000 2.0000 1.7500
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3DFEML - Diaphragm Spec Checking

Open the Analysis Settings window and select just a Specification Check. Click OK and run the analysis again.

o Analysis Settings E@
() Design Review (®) Rating Rating Method: | LRFR W
Analysiz Type: nalyziz Option:

30 FER w A | Spec-Checking Only W
Lane/Impact Loading Type:
A3 Requested &pply Preference Setting: | Mone v
Yehicles | Qutput | Engine | Description
Lrefts [_:'"E':_t":'”: Refrezh Temporan Yehicles... | Advanced...
Both directions
Yehicle Selection: Yehicle Surmmary:
& Standard a | Addto = Rating Vehicles
- H 15-44 Rating =- LRFR
o H 20-44 - Design Load Rating
- HL-93 [51] o = Irrventony
- HL-93 [US] - Operating
- HS 15-44 R i Fatigue
- HS 20/(51) mee - Legal Load Rating
- HS 20-44 e - Routine
- Lane-Type Legal Load Analysis i Specialized Hauling
- LRFD Fatigue Truck [51] e - Permit Load Fating
- LRFD Fatigue Truck [US]
- MPL W
Rezet Clear Open Template Save Template Apply Cancel
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3DFEML1 - Diaphragm

BrDR will regenerate the FE Models and compare them to the previously generated FE models. Since the models are

Spec Checking

the same, the previous FE results are re-used and the specification checking considers the revised details:

= Analysis Event
E||7 Single 5pan Example M
-# GIRDER-SYSTEM MEN

F G1[Plate Girder]
[ G2 [Plate Girder]
R G3[Plate Girder] A
[ G4 [Plate Girder]

—

—

' Checking feasibility of reusing previous FEA results..)

\|Reusing FEA results from previous analysis...

Analysis Progress

Reusing FEA results from previous analysis...

Wg otage 1 actions report.

Begin processing beam and shell forces into moments and shears. ..
Finished processing beam and shell forces into moments and shears_..
} } } el Span

Checking feasibility of reusing previous FEA results._.

ot
Begin processing beam and shell forces into moments and shears. ..
Finished processing beam and shell forces into moments and shears__.
Reducing live load cases by only generating the influence surface for the loaded region...
Of the 357 deck nodes in the model, 357 are within the loaded region...
Final Stage 3D Model Summary:

MNumber of nodes = 649

MNumber of reference nodes = 34

Mumber of frame elements in the beams = 160

Number of frame elements in the diaphragms = 30

Number of shell elements in the deck = 320

Mumber of links between deck and beams =0

Mumber of load cases = 357

—

A

{ Checking feasib;i'lit',.r of reusing previous FEA results._.

Mlusabeor of doos ffroodom—=23690

Reusing FEA results from previous analysis...

Lal
W

Populating all stages superstructure member results...
Info - Finished populating all stages superstructure member results._..

Info -
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“iew R ating Log Print
Spec Check Detail for 6.8.2 Tensile Resistance
6 Steel Structures ~
6.8 Tension Members
§.8.2 Tensile Resistance
{AASHTO LEFD Bridge Design Specifications, Seventh Edition - 2014, with 2016 Interims)
Diaphragm 1-2 EB - Start Stage 3
Drilled Holes: HNo
Phiy = 0.35
Phiu = 0.80
Rp = 0.90
Fu = §5.00 (ksi)
Fy = 50.00 (ksi)
C(an = 1.80 (in~2) >

Ag = 2.50 (in~2)
1) = 1.00

I Phiy*Eny = Phiy*Fy*Ag T (6.8.2.1-1)
Pr = min| Phiu*Pnu = Phiu*Fu*An*Rp*U | {6.8.2.1-2)

I_Rr _l (6.13.4-1)
Phiy*Pny = 118.75 {(kip)
Phiu*Pnu = 84.09 (kip)
Rr = 132.87 (kip)
Br = 84.09 (kip)
Design Ratio = Pr/Axial Force <= 99.0

v

< >
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