AASHTOWare Bridge Design and Rating Training —Steel SplicelExample

AASHTOWare Bridge Design and Rating Training
Splicel - Steel Splice Design Review and Rating (BrDR 6.7)

Topics Covered

e Steel splice data entry

e Splice schematic

e Splice analysis options

e LRFD analysis and results
e LRFR analysis and rating

This example describes entering a steel girder splice into BrDR and analyzing it for both LRFD and
LRFR.

Steel Splice Data Entry
Open bridge BID 3 “Training Bridge 3” in the sample database. This is a 3 span steel plate girder
example

Bridge Workspace TrainingBridge3 uu&i
s
@ (] Materials
@ () Beam Shapes
@-- (] Appurtenances
() Diaphragm Definitions
(L Lateral Bracing Definitions
-3 Impact / Dynamic Load Allowance
i MPF LRFD Multiple Presence Factors
@ (] Factors
' (_] LRFD Substructure Design Settings
EC Environmental Conditions

OF Design Parameters
=~ ([ SUPERSTRUCTURE DEFINITIONS
= f 3Span Girderline
_1 Impact / Dynamic Load Allowance
2L Load Case Description
= Superstructure Loads
= (] Connectors
(2 Bolt Definitions
eld Detinttions
(] Shear Connector Definitions
4[] Stiffener Definitions
@-- (] MEMBERS
@ () BRIDGE ALTERNATIVES
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Create a new Bolt Definition with the following properties:

o Structure Definition Connectors - Bolt Definition o | @ |'=
Mame:  Field Splice Bolt Description: ASTM A325
Library designation | AASHTO M 164 (US) v Bolt threads excluded from shear plane
Bolt diameter = (0.875 viin Hole diameter =  0.9375 in
Cc_mnectiun Type que Size Load Direction Surface Class Hole Type
@ Slip-ciitical ':?3 Standard (®) Any direction (O Class A ) Punched full size
) Bearing ':;;] Oversize () Transverse Class B (®) Drilled full size
':;;] Shoit slot () Parallel () ClassC () Subpunched and reamed to size
Grip length: in () Long slot
ASD LFD
Allowable shear stress = 23.750 ksi Allowable shear stress = 43,000 Ksi
Nominal slip resistance = 23.000 ksi Design slip resistance = 32.000 ksi
LRFD F—r—
Minimum tensile strength, Fub = 120.000 Kii Kh= 1000 Ks= 0.500 ozﬁa:.r e
0K Apply Cancel

Expand the BWS tree to show the member alternative for Exterior Girder.

Double-click on the

Splice Locations folder to create a new splice location. The drop-down list contains the locations
of girder section change points (flanges and webs) that were described on the Girder Profile
window. You can select from this list or type in a location value. For this example, select 98’ from

the list.

unknown|unk
S tridoe Worspace - Traningbridges = | & T 1

e [:l MEMBERS

B

€

T Exterior Girder

b otk Member Loads

- “& Supports

(£ MEMBER ALTERMATIVES

I Composite Plate Girder (E) (¢

. I.l' Default Materials

- =L Impact / Dynamic Loac

- L Live Load Distribution
=2 Hinge Locations

.. =1 Girder Profile

- [L Splice Locations

. A Deck Profile

. =1 Haunch Profile

Bracing Ranges

Stiffener Ranges

MNew Splice Lacation

Support Mumber:

Direction
Lett

Distance:

f- [0 Bearing Stiffener Locations W

1 ]

(®) Right

124000000
154.000000
182000000
273.000000
301.000000
331.000000
357.000000

| 415000000

..‘ cel

TS F a7

T TSI T Fo s T
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The Splice Location window will appear after you hit OK. Enter the splice gap dimension shown
and check the “Filler plates extended” box.

—
oy Splice Location
R Updates the
nection : : displayed grder
upport Mumber: " istance:  42.00 Apply Location yed g
2 2 e @® Leit () Right L ft - plate sizes if you

5 T change the location.
Girder | Top Flange | Bottom Flange | Web | °

[ )
CL Splice Spiice gap: 02500 4,

0.8750" » 16.000" | 1.0000" x 18.000" Will be disabled if the girder

Filler plates extended plate sizes don't vary on

1 either side of the splice.
I LRFR
| Condition Factor: | Good or Satisfactory v

0.4375" »x 63.000" 0.5000" x 69.000" 3 5 ]
I [] Field measwed section properties
|

< =

|
!
! Sta
i Ahd
1

1.6250" x 18.000" I 1.2500" x 18.000"

Left Cover Plates |  Right Cover Plates

Enter the following splice plate data on the top flange splice tab:

a Splice Location [o][@]
Direction
Suppart Number: | 2 v @ Let O Right Distance: 4200 it Apply Location
Girder | Top Flange | Boltom Flange | Web
Outer Plate Bok defiriiors | Field Splice Bolt v

) D1 N1 spa. at P1 D2 p1: (17800 g1 (15000
. ‘ itE' i pz 1500 jin g2 15000 [
[}
M o . N2 'spa. at G1 NI 4 E3 15000 |
]

CLweb < _ _l:l __________________ = pr. 30000 €4 15000 iy
]
W e [ p3 19000
] N2 spa. at G1
e L] 1
i 151 [ foa e
4 G G1: (30000
'CL Splice

Outer Plate Inet Plate
| [iDiE tes £2 Plate material | Grade 50w v Plate matedial | Grade S0/ v
1 J<E2,.
i i Thickress: (04375 [ Thickness: (05000 [

no® L Lengh: 07500 Lengh. 307500,
]

clwen T * e wigh 160000 widhe 50000

e e e THe: Edge Type Edge Type

Ill: Q) e = (®) Sheared (O Rolled or gas cut (@) Sheared () Rolled or gas cut
T
*CL Splice
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Enter the following data on the bottom flange splice tab:

i

a Splice Location ==
Direction o .
Support Mumber. | 2 v @Let O Righ Distance: 42.00 It Apply Location h
Girder | Top Flange | Boltom Flange | web
Quter Plate Bolt defirtionc | Field Splice Bok v
|2Ll, Nispa.atP1 || D2 p1 17500 iy g1, (15000
e I | 1 =
i L ‘ 1 D3 pz 15000 g g2 15000 |y
! Y
i _
i . A N2 spa. at G1 M EE g3 | 1.5000 -
Iy
CLweb < 4:1 _________ _———tz o pr. 30000 p ga 15000 i
U
Wwooe '] pa 18000 i
i) {N2spa.at 61 -
" e .
[ e 303 N23
I’ === G 27500 g
*CL Splice
| Plat Outer Plate Innet Plate
nner Flates I 2 Plate matenat | Grade S0W ~ Plate matenat | Grade 50w v
_lll![ i 353 Thickness: | 04375 n Thickness: 05000 n
:,: [ [ Lengt 307500 Lengthe 307500
i - -
cLwep 0 * S 354_ widhe 180000 widh 85000
N m == T¥ea Edge Type Edge Type
e . 7 ®Sheared (O Rolled or gas cut @ Sheared () Ralled or gas cut

Enter the following data for the web splice and click OK to close the window and save the data
to memory:

=) Splice Location )
Direction
@ Lett ) Right

Support Number. | 2 v Distance: |42.00 it Apply Location

Girder 1 Top Flange ‘ Bottom Flange  Web
Bolt definitior: Field Splice Bolt v

Vettical edge distance: 15000

Peei Horizontal edge distence: | 15000 i
11
D1 “ H : Flate materist | Grade 50W v
.II' -
o e 04375 |,
I coe
1 (®) Sheared () Rolled or gas cut
N1 spal atP1 :: B
1 '
S " p1: [43000 i
[}
1 pz 45000 1,
1
alle o N1 20
p2 | 1 !
y j1 p1. (30000
N2spa.atG2 —» +—+ l— N2spa.atG2 Nz [
= :
G2 3.0000 n

w2 37500 in
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Splice Right Click Menu

Open
Copy
Copy To...
Delete
Analyze

Schematic

General Preferences

Close Bridge Workspace

Copy — copy and then paste the splice to another
member alternative

Copy To — opens a dialog where you can pick 1 or more
member alternatives to copy to.

Splice Locations Folder Right Clic

k Menu

Mew

Copy All..

General Preferences

Close Bridge Workspace

Copy All — opens a dialog where you can pick 1 or more
member alternatives to copy all of the splices in the
member alternative to.

Splice Schematic

Open the splice schematic from either the right-click menu or the toolbar:

a Schematics: Splice Location = = E | &'

BQAQe BY 69% v
TrainingBridge3
Training Bridge 3(LRFD) - 3 Span GirderLine - Exterior Girder
Splice location: Span 1- 9807
1-79 / Ohio River
101209
33" 1127 (TYP)
Srows of 4 @ 3" (TYP) i r
T H
e s 1 of1Teispa@y
A SR i
L
. s s
. s s
L . .
L I
L
L I
L I
L I
L I
LI B O
L I
L
L I
L
L
A R
LI I
-
Srows of 6 @ 3" (TYP) [F—] L
334 1927 (TYP)

7T 112" (TYP)
e =
L
1spa @3 (MP)

203p3 @3

2 s:zs 234 f_1'\'F'.T
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Splice Analysis Options
1. Analyze a single splice:

Select a Splice Location in the BWS tree and click Analyze. The girder DL and LL analysis

will run. Spec checks will be performed at points required for the splice location — the

splice itself and stress calculations at adjacent brace points. For LRFR or LFR, the spec

checks will include the splice rating articles.
2. Analyze a girder that contains a splice:

a. LRFD Design Review:

Select “Generate at section change points” to have spec checking occur at the splice
location. Splice articles will be processed in addition to the regular steel girder

articles.
b. LRFR/LFR Rating:

Select “Generate at section change points” to have spec checking occur at the splice
location. Splice articles will be processed in addition to the regular steel girder
articles. Also select “Include splices in rating” to have the splice rating articles

processed as well.

Select only “Include splices in rating” to have the splice articles and splice rating
articles processed at the splice locations in addition to the regular steel girder

articles.

Member Alternative Description

=3 o~

Member Altemative: Composite Plate Girder

Description | Specs | Factors | Engine | Import

LRFD
() Points of Interest
3 at tenth poin
([0 Generate at section change points.
Lenerate at user-detined ponts
O Generate at stiffeners
O Allow moment redistribution
O Use Appendix AB for flexural resistance
O Allow plastic analysis
[ 1gnote long. reinf in negative momert capacity
[ Consider deck reinf. development length
() Distribution Factor Application Method

Control Options

LRFR

(] Points of Interest
[¥] Generate at tenth points
[V Generale af user-defined points
O Generate at stiffeners

O Allow moment redistribution

[ Use Appendix A6 for flexural resistance

O alow plastic analysis

O Evaluate remaining fatigue life

|gnote long. reinf in negative moment capacity
| Include field splices in rating

QO Byaxle L] Consider deck rent, development length
® ByPOI 1 Distribution Factor Application Method
Q By axle
® ByPOI
LFD ASD

(1 Points of Interest

aenerate at tenth poin
Genetate at section change points
Generate at user-defined points

O Allow momert redistribution

Allow plastic analysis of cover plates
Include field splices in ratin
Include beanng stiffeners in rating

Allow plastic analysis

A | | C7 Paints of Interest

Generate at tenth points
[ Generate at section change points
Generate at user-defined points
[ Ignore long. reinf in negative moment capacity
[ Consider deck reinf. development length

Apply

Cancel
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LRFD Design Review

Open the Analysis Settings window and select the HL93 Design Review Template.

o Analysis Settings E 3
(®) Design Review O Rating Design Method: | LRFD v
Analysis Type:
Line Girder v
As Requested Apply Preference Setting: | None v
Vehicles | Qutput | Engine | Description
Traffic Direction: =
Both dractions » Refresh Temporary Vehicles... | Advanced..
Vehicle Selection: Yehicle Summary:
£ Vehicles Addlo [ pegion Vehicles
(= Standard Design (= Design Loads
Altemate Military Loading W HL-93 [US)
HL-33(51) Permit Loads
HL-33 (US) =)~ Fatigue Loads
HS5 20(51) LRFD Fatigue Truck (US)
HS 2044 “‘r“‘m
LRFD Fatigue Truck (S1) :orn_
LRFD Fatigue Truck (US) Analysis
Agency <<
User Defined
Temporary
Reset Clear Open Template | Save Template Apply Cancel

Select the splice in the BWS tree, right click and select Analyze. This will launch an analysis and
spec check of the points required for the splice — the splice location itself and typically the brace
points on the left and right side of the splice location.

Then open the Spec Check Details window and review the splice articles. LRFD 6.13.6.1.4c
Flange Splice fails for the bottom flange splice plates.

fF

-

o Specification Checks for Splice 98.00 - 53 of 96 (e [@]=]
= Superstructure Component Specification Reference Lim... Flex. Sensh Pass/Fail o]
b l:——l Stage 1 [B 6.13.4 Splice Block Shear Rupture Resistance N/A General Comp.
* ‘j ::agei 6.13.5.2 Flange Splice Plate Tension NfA General Comp.
e Rl : B 6.135.3 Shear N/A General Comp.
= Composite Plate Girder
~ + 6.13.6.1.42 General N/A Passed
(] Span1- B84.00ft. y
3 Span1- 92.00ft. +/ 6.13.6.1.4b Flexural Members - Web §, In:_es N/A Pa_ssed
(1 Span 1- 112.001t. 2 6.13.6.1.4¢ Flexural Members - Flange Splices ) N/A Failed
13.6.1.5Fillers N/A General Comp.
+" 6.6.1.2.2 Design Criteria N/A Passed
[E APPDE.1 Plastic Moment N/A General Comp.
[B APPDE.2 Yield Moment N/A General Comp.
B APPD6.3.1 In the Elastic Range (Dc) N/A General Comp.
APPDE.3.2 Depth of the Web in Compression at Plastic Moment N/A General Comp.
Steel Elastic Section Properties N/A General Comp.

<

Last Modified: 7/27/2015

Splicel- 7 of 10

AASHTOWare BrDR 6.7



AASHTOWare Bridge Design and Rating Training —Steel SplicelExample

Ay T.Em iz
A= 5.1 dm%2
Ae=  7.88 402
5= 23.6) in°3
S5 = 16.08 1873
Ip = 1268.13 n%4
wemaciace FIRQM | smssmeace  meaciee. FIACTUTE messees  ssmecee BIOCK SDOAE ——seee /_"\
Limie Load n Design Destgn Design [Pass;
State Cosb  Tensice [ u t F-allew  Razio £ F-allev  Razic £ F-sllew  Ratic | Fail
(eip)  (kip-fT) fat) feat) (eat) tent) (ent) (eat)
SIR-1 1 Yes ME.0 0.0 43.53 47.50 1.08 €390 56.00 o.s8 43.53 52.04 1.8 Fail
STR-1 1 o -38.2 0.0 -16.76 -41.50 102 Fasa
STR-1 2 tes e 0.0 .42 47.50 1.08 .16 s6.00  o.88 FERT] s2.06 .20 | Ras1
STR-1 2 o -388.2 0.0 -46.76  -47.50 L2 Fazs
STR-1 3 Tes 5.7 0.0 1.9 .50 Lot €86 56.00  0.88 ., saod L1 | R
STR-1 3 tes U8 0.0 PR 4750 Los .16 $6.00 0.8 a4 s2.06 L0 | Fad
SIR-111 1 tes 7 0.0 43,50 .58 Lo €326 56.00  g.sE 4330 s2.06 129 | Fau
STR-1I 1 Tes u1y 0.0 4342 .50 Lo .16 56.00 0.9 a4z 55,04 120 | retl
STR-111 7 tes ;8.7 0.0 .50 .50 L.oe .86 s6.00 0.0 a3.00 s2.06 118 | Fasz
STR-111 2 Yes 1.9 0.0 . .50 Lo €.16 s6.00 0.89 a2 2,04 1,20 |Ffau
STR-111 E tea 5.7 0.0 .8 4750 Log 686 56.00  0.88 2.8 52,04 119 | Rl
STR-111 3 tes 18 0. a2 7.8 Lo .18 $6.00 0.8 . s2.06 L20 | Fan1
SIR-V 1 Yes M1.9 0.0 43.42 47.50 1.09 63.16 56.00 0.9 43.42 52.04 1.20 Q:/
v
3 |
[., ox .]

Outer Plate Bolt defiition: _ Field Splice Bok vl
|.D1]. Nispa.atPi | D2 ; Ta £ 15000 [
|—'=—=f T — —— :
i I | 1 D3 . 15000 |,
W . = L) L il
i . 5 N2 spa.at G1 E3 I'Lm |
Iy 7 [ 1
T - a g [1500 |y
" =
W e ° in
K N2 spa.at G1 :
" e .
[l 1€ D3 =
0 i 27590 fin
‘CL Spiice
Outes Plate Innet Plate
; Inner Plates o GiadeSOW | Plate maleiiat | Grade 50W
i = Cortene 055 1)
IH
iy 2 e Length: 07500 4
1
L Web Il L L E4 Wik 180000 Width: 85000 4,
D st T
m E4 Edge Type Edge Type
@ Sheasred () Rolled or gas cut @ Sheared () Folled o gas cut

=0 Sup < P Ref Lim.. Flex Sense Pass/Fail
-] Stage 1  6.10_General_Flexural Results /A Passed
=8 s"g‘i o 6.13.2.6 Spacing of Bolts A Passed
= gél"’c‘omm e Plote Gider | ¥ 51327 Shear Resistance wa Passed
1 Span1- BA00fL [ £.13.2.8 Bolt Slip Resistance /A General Comp.
24 Span1- 98001t ' 6.13.2.9 Bearing Resistance at Bolt Holes N/A Passed
3 Span 1- 112001 & 6.13.3.2.4 Fillet Welded Connections MN/A Not Applicable
B 6.13.4 Splice Block Shear Rupture Resistance N/A General Comp.
B 6.13.5.2 Flange Splice Plate Tension /A General Comp.
B 6.13.53 Shear N/A General Comp.
" 6.13.6.1.4a General /A Passed
+* 6.13.6.1.4b Flexural Members - Web Splices WA Passed
+ 6.13.6.1.4¢ Flexural Members - Flange Splices N/A Passed
B 6.13.6.1.5Fillers WA General Comp.
" 6.6.1.2.2 Design Criteria /A Passed
B APPDS,1 Plastic Moment N/A General Comp.
B APPDE.2 Yield Moment NrA General Comp.
B APPDE.3.1 I the Elastic Range (Dc) MiA General Comp. ¥
< | >
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Additional reporting can be found in the Spec Check Results file:

o TrainingBridge3
= TiainingBridge3 | =
£ 35pan GideiLine by
= Extetios Grder

(‘ >
L
@O« p-olec T—
File Edit View Favorites Tooks Help {
| & B - By
Bridge ID: 3 NBI Structure]
Bridge : Training Bridge 3(LRFD) Bridge Alt -
Superstructure Def : 3 Span GirderLine
Member : Exterior Girder b Member Alt : ‘
Analysis Preference Setting : None
AASHTO LRFD Specification, Edition 7, Interum 2015 P
Specification Check Summary
Article Status !
Flexure (6.10.7.1.1, 610,721 ) Pass 1
Shear (6.10.9) Pass
Fatigue (6.10.5.3) Fail |
Serviceability (6.10.4.2.2) Pass :
Constructability (6.10.3.2.1, 6.103.2.2, P, |
6.10.3.2.3) ass

Transverse Stiffeners (6.10.11.1.2, 6.10.11.1.3) | Pass
Longitudinal Stiffeners (6.10.113.1, 6.10.11.3.2,

6.10.11.3.3) i 1
Bearing Stffeners (6101122, 6101123, | o0
6.10.11.2.4) ‘
Shear Connector (6.10.10.1, 6.10.10.4) NA |
L]

Field Splice (6.13.6.1.42, 613.26,6.13.27, | o
6.13.6.1.4b, 6.13.6.1.4c) =

W

Last Modified: 7/27/2015

File Edit View Favorites Tools
» R-B-=

Help

@@| & C:\Users\KKennelly\Dc © ~ & || @ CAUser

@ v Page

Field Splice Details

Location Code

(ft) Check
98.000]| Pass | ---

Code Check Legend:

A - Art 6.13.6.1 4a Number of bolts fails
B - Art 6.13.6.1.4a Hole size fails

C - Art 6.13.2.6 Spacing of bolts fails

Code

Field Splice - Flange Splice

Location Code

(ft) Check
98.000| Pass | ---

Code Check Legend:

A - Art 6.13.6.1 4¢ Yielding fails

B - Art 6.13.6.1 4c Fracture fails

C - Art 6.13.6.1.4¢ Rupture fails

D - Art 6.13.6.1 4c Serviceability fails

E - Art 6.13.2.7 Bolt shear resistance fails

Code

Field Splice - Web Splice

Location Code

(ft) Check
98.000| Pass | ---
Code Check Legend:

A - Art 6.13.5.3 Yielding fails
B - Art 6.13.5.3 Rupture fails

C - Art 6.13.6.1.4b Strength fails
D - Art 6.13.6.1.4b Serviceability fails

<

Code
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LRFR/LFR Rating

Splices can be rated for either LRFR or LFR. Open the Analysis Settings window and select the

“LRFR Design Load Rating Template”.

o Analysis Settings (o] @] =]
() Design Review ® Rating Rating Method: | LRFR 5
Analysis Type:
Line Girder v
As Requested Apply Preference Setting: | None v
Vehicles | Qutput | Engine | Desciiption|
Traffic Ditection: —
Both = o . Refresh Temporary Vehicles... = Advanced..
Vehicle Selection: Vehicle Summary:
= Standard A| Addlo [0 pating Vehicles
H 1544 Raling £ LRFR
H 20-44 & Design Load Rating
HL-33 (51) 22 & Inventory
HL-93 (US) HL-93 (US)
HS 15-44 A £ Opetating
HS 20(51) ';""“"" HL-93 (US)
HS 20-44 o £ Fatigue
Lane-Type Legal Load Analysis LRFD Fatigue Truck (US)
LRFD Fatigue Truck (S1) < | & Legal Load Rating
LRFD Fatigue Truck (US) Routine
NRL Specialized Hauling
SU4 Permit Load Rating
SR ¥
Reset Clear Open Template | | Save Template | Apply Cancel

Select the splice in the BWS tree and analyze it. The Tabular Results window shows the
controlling rating factors at this location. For this example, some ratings are controlled by the
splice and some are controlled by the steel girder.

3
a Analysis Results - Splice 98.00 =5 =R
Report Type Lane/Impact Loading Type Display Format
Rating Results Summary v (@ AsRequested () Detaled | Single rating level per row v
- Live Load Rating | Rating | Load Rating| Location| Location e
Live Load . = | Method| Level | on) Rating Fach ) | Span-(% Limi State Impact | [}ne
HL-93 (US) Truck + Lane LRFR Inventory 256 1-(70.0) STRENGTH-| Splice Stress As Requested As Requested
HL-93 (US) Truck « Lane LRFRIOperamg 58,60 ! ‘I.GZBI 98.00 1-(70.0) STRENGTH-| Sphce Stress As Requested As Requested
HL-93 (US) Tandem + Lane | LRFR | Inventory 52.37_ 1 455_ 98.00 1-(70.0) STRENGTH-| Splice S‘h‘ess_hs Reguested As Requesled_
HL-93 (US) Tandem « Lane| LRFR Operating 67.89 | 1886 98.00) 1-(70.0) STRENGTH-I Spice Stress As Requested As Requested
HL-93 (US) 90%(Truck Pair + Lane)| LRFR kventory 3564.00 99.000 98.00 1-(70.0) STRENGTH-| Steel Shear As Requested As Requested
HL-93 (US) $0%(Truck Pair + Lane) | LRFR Operating 358400 59.000 | 8800 1-(70.0) STRENGTH-| Steel Shear As Requested As Requested
LRFD Fatigue Truck (US)] Axie Load | LRFR | inventory 4320 1440, 98.00| 1-(70.0) FATIGUE Steel Flexure Stress As Requested As Requested
AASHTO LRFR Engine Version 6.7,0.3001

Analysis Preference Setting None

AASHTOWare BrDR 6.7

Last Modified: 7/27/2015 Splicel- 10 of 10



