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Forward

In 1999, the American Association of State Highway and Transportation Officials
(AASHTO) adopted a new methodology for the design of bolted field splices of flexural steel
members. The new methodology was developed in response to the lack of a uniform design
methodology for bolted splices, which resulted in confusion and costly splices.

The new methodology was based on the anaytical and experimental research program
conducted by Firas|. Sheikh-1brahim and Karl Frank (1996, 1998, 2001) at the University of
Texas at Austin. In the new methodology, two approaches for splice designs were justified.
In the first one, the web is designed to resist its share of the moment, and the flange splices to
resist the moment not resisted by the web. In the second approach, the flange splices are
designed to resist the total design moment, and the web splice to resist only the eccentric
shear, which is applied at the centerline of the splice.

Even though the two aforementioned approaches were found acceptable from a resistance
standpoint, Sheikh-Ibrahim and Frank recommended that the second approach be followed to
yield the most cost-effective splices.

In a step towards obtaining cost-effective splices, AASHTO adopted the first approach as the
primary design method, since a similar approach has been used in bridge design practice, and
has been incorporated in AASHTO for quite a long time. Therefore, AASHTO developed
their 99 Interim such as to illustrate the first design methodology in sufficient details, and
briefly touch on the second approach as an alternate method.

Since significant changes have been incorporated in AASHTO, the AlSIsplice software was
developed to help designers understand the new design methodology, and produce cost-
effective splices. The software, in its current version, is limited to the first design approach
mentioned above, but it is anticipated that it will incorporate the second design approach in
the near future.

............................................................................................................. Firas|. Sheikh-1brahim, PhD, PE
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1. Scope of Software

AlSlsplice is a tool for the analysis and design of bolted field splices for straight, right, F
shaped, steel girders. The analysis and design process is based on the AASHTO LRFD
Bridge Design Specifications, Second Edition, 1998, including the 1999 interim.

In the design mode, the software sizes and optimizes the splice plates and bolts. In the
analysis mode, the software determines the adequacy of given splice plates and bolts. For
both modes, performance ratios (load/resistance) for all splice components are determined.

2. Software I nstallation

AlSlIsplice runs under Microsoft® Windows95/NT?, or higher, on IBM compatible personal
computers. A free hard-disk space of 8 MB is recommended, along with a minimum of 8
MB memory (16 MB preferred). EGA, VGA or a high-resolution, color graphics board and
mouse are required. Small fonts should be selected for the computer’s display font size
Setting.

AlSlsplice should be installed and run from the hard drive for efficient operation. To install
AlSlsplice on the hard drive:

1. Insert CD in the CD ROM drive. (It is assumed that the D: drive will be used. If
another driveis used instead, substitute the appropriate letter in Step 3.)

2. Click Start on the Windows taskbar and choose Run...
3. Type D:SETUP inthetext box and click OK.

4. Follow theinstructions in each succeeding window until the installation is compl eted,
then click Finish.

AlSlsplice will automatically appear in the Programs menu and can be used to access the
software as described subsequently. To access the software easily, you may wish to create a
Shortcut Al SIsplice I con and drag it to the desktop.
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3. License Activation Procedure

AlSlsplice has a 30-day, ready-to-try license. You can install it on any computer, and you
are entitled to distribute it to anyone without pernmission. The software will run for 30 days
from the day of installation, and will need re-activation after expiration of the trial license.

After the expiration of the free trial period, the License Configuration screen will appear
when you attempt to run the software. If you want to copy the Site Code number to the
clipboard, highlight the Site Code and click the right mouse button. When the menu shown
below appears, select the Copy option. You will need to use this number when you request
your activation code.

)': AlSlzplice - License Configuration =] |

FProgram  Licenze  Help

ﬁ Program not authorized

=TGRt S 301 1485 OF48 F2E2 D ]
Urda Walidate I
Site Key: I ~
[Srat i _
[ oy |
AlSlsplice Esste =
[TElEte
To okbtain a newy site key license, fallowy the
Selentisll

Online Orders: Yisit www steel orginfrasiruciure and Tollow simple
ordering procedure.

Fax/Mail Orders: Fill in the document named Application.doc (located in
wour program directory) and send it to AIS] by fax (Credit Card) or mail
[Check ar Maney Qrder):

Faea (801 469-0240

||

After you have your Site Code ready, follow one of the two procedures explained herein to
obtain a new site key license. For online orders, visit www.stedl.org/infrastructure and
follow simple ordering procedure. For fax or mail orders, fill in the document named
Application.doc (located in your program directory) and fax it to AISI at 801-469-0240
(Credit Card), or mail it to (Check or Money Order):

Transportation and Infrastructure Group
American Iron and Steel Institute

1101 17th Street NW Suite 1300
Washington, DC 20036

Al Sl splice V3.0 Software Manual - 6



When you receive your activation code type it, or paste it into the Site Key box shown below
and then click the VValidate button.

;'Alﬁlsplic:e - License Configuration M= |

FProgram  Licenze  Help

ﬁ Program not authorized

Site Code: D3C1 1485 0F48 72E2 DB
Site Key: IEEEB 7455 DBYE 2E9E 1007 7EEF F4

AlSlsplice &

To okbtain a new site key license, fallowy the procedure belowy .

Online Orders: Yisit wwww steel orglinfrastructure and follove simple
ordering procedure.

Fax/Mail Orders: Fill in the document named Application.doc (located in
wour program directory) and send it to AIS] by fax (Credit Card) or mail
[Check ar Maney Qrder):

Faea (801 469-0240

||

The software will then check your Site Code and the message shown below will appear to
prompt you that you are licensed to run the software.

Congratulations! I

/—i Yiou are how licenzed to run thiz zoftware.
Fresz 0K to continue or Cancel if you want bo run your software laker.

Cancel |

After you click the OK button, the License Flash screen shown below will appear. This
screen will al'so appear every time you run the software. Note that this screen informs you of
the duration of your remaining license. While the License Flash screen is visible, you can
activate the License Configuration screen by hitting the Enter button on your keyboard.

ﬁ AlSIsplice

365 days left out of

Press <Enter> to configure your license.
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4. Starting the Program

To start AlSIsplice, click Start on the Windows taskbar, point to Programs folder, then
Al SIsplice folder (it is assumed herein that the default folder was not atered during the
installation of the software), and then click AlSIsplice. The software will open the Welcome
Screen.

If a shortcut was created on the desktop, double-click the shortcut icon, and the software will
open the Welcome Screen.

L [ Accessories
(5} Adobe Acrobat 4.0

o]
a

fm 2i5hpice

(5} Casperyi.0.0131

MWew Office Document @ Compag Femote Support
@ Compag Utilities

@ Compag.MET Begistration

Compag Support

Open Office Document

Internet Explarer

W

Shut Down...
Microzoft Access

Manual doc - Microzoft — . ||%% £ @G @@% 2:36 PM

\Windaws Update % Crypkey Instant +5.5.219
Crypkey SDK 5.5
WinZip @ Crypkey Stealth +2.09
Internet Explarer 5 % e oD
lornega HuikSync
Outlook Express @ lomega ZipCh
(5} MoAfes Office
E Programs @ Medical Library
@ Micrasoft Developer Network
| i 3
% | Entice @ Microzoft Office Tools
@ Bl v B Microsoft Wisual Basic 5.0
- @ Microgoft Wizual Sources afe
i% Setlings * 5} Online Semvices
Finid . % Friority Travekyorks
E Real
@ Help @ RingCentral Fax
0 @ Startlp
o] 7]
h Bsic (= STYVBELCTK
E [ wirzip
& Log Off Firag |brahim... . p—
.E B AiziBeam
- o
u) e
.

5. Software | nput

When AlSlsplice is opened, the Welcome screen will appear. AlSIsplice was designed using
a “Wizard” gproach. Input Screens are sequentially ordered, and the user is allowed to
move forward and backward from each screen by clicking the Next and Back buttons,
respectively. When the information is completely entered for a given screen, the user should
click the Next button. The user will either be allowed to progress to the next screen, or will
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be directed to enter incomplete, or fix inaccurate input values. The Back button may be
clicked at any time, to revise previously entered values.

The wizard approach was used to minimize the use of menu systems. However, a minimal
menu system is provided including the following:

File menu:

File  Curent File: Mew.. Help
New...
Open Existing... Chl+0

Bestart..

Save Input File... Chl+S t"‘ Ei-:i;slti'ng v “iew Default:

Gave Hepart..,

Exit g ~ Splice Capacity Check

— i Fraferance .
' Custamary [U5) " Metic [S1]

— Span fope

& Simple " Cortinuous

The File menu includes the following options:

New - alows the user to create a new input file.

Open Existing - allows the user to open and revise a previously saved input file.
Restart - allows the user to return to the Welcome Screen at any time.

Save Input File - allows saving the current input file.

Save Report - alows saving the output report created during program execution (only
available from output screens).

Exit - allows the user to quit the program.
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Current Filebar:

_ AlSlzplice =] E3

File Currentt Fils: C:%Prograr Fileshal51splicehSG1_31500_ P22, dat B;eh_:'

Welcome to AlSlsplice. .
~ daput File
£ Mew & Existing W Wiew Defaults

~ Analysis Options —
& Splice Design 1 Splice Capacity Check

~ Lnit Freference
O Customary (LS] & Metic 51]

£ Simple 7+ Continuous

Save | Exit |

Jl:-'rc Bridge 481, & for Gl @ 31500 P82

P |n7es6-033-113

This Current File bar informs the user of the path/filename of the current input file.
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File  Cumerit File: :I::"'k'F"n:igram"f'-ﬂesi‘:.-'-‘l.l-'ﬁ'I:%'[::ulii:.ek'ﬂﬁﬁ-_:_ji'sliﬁ;l._ﬁ@:&a‘t_ Help
T
Welcome to AlSlsplice. . 'Q-Egutglélls,pli‘ce_._:.
~ daput File
£ MHew % Existing W Wiew Defaults

~ Analysis Options —
& Splice Design 1 Splice Capacity Check

~ Lnit Freference
O Customary (LS] & Metic 51]

£ Simple 7+ Continuous

Save | Exit |

Jl:-'rc Bridge 481, & for Gl @ 31500 P82

P |n7es6-033-113

Two options are available from within the Help menu; User Manual and About AlSlsplice
options.
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User Manual:

3 AlSlzplice Software Manual - Microsoft Internet Explorer provided by ATET WorldMet Service

J File Edit “iew Favortes Toolz  Help

« . = D A a E 3 25 i
Hach FanaTd Stop Refresh Home Search Favorites Histom Mail

J Address I C:\Program Files\Common FilesbAlSlzplice’M anual. hitm| j ﬁ Go

J Links @] Customer Service @] Directories ] Using the\Web  @]ATAT  @&]Windows Update &7 Bestof the Web @] Channel Guide b

AlSIsplice V3.0

Analysis and Design Software
for
Bolted Splices of Steel Bridges

“* o
1] I_v'lj

|@ Done l_ l_ |§ Fdy Computer 7

The User Manual menu option enables you to view the User Manual from within AlSIsplice.
At this time, the online User Manual can be viewed using Internet Explorer only. If you have
problem with your Internet browser or have a different browser, you can view the User
Manual using Word. The User Manual is named Manual.doc and is placed in your program

directory, and on the distribution CDROM.
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About Al SIsplice:

AlSlisplice
AASHTO-LRFD

Analysis and Design Software for
Bolted Splices of Steel Bridges
Wersion 3.0
Dr. Firas |. Sheikh-lbrahim, PE

HDR Engineering. Inc.
Fittsburgh, PA

tare acknowledaments

American lron and Stieel Institute

spliceig@stesl org
= 2001 Amencan lron and Steel Inshtute

The About AlSIsplice screen contains information about AlSIsplice, along with hyperlinks to
AASHTO, RCSC, and AlSI web pages.
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5a. Welcome Screen

P AlSlzplice

.Eﬂe  Curment File: C:\Program FileshA1S1splicetSG1_31500_P82.dat  Help

Welcome to AlSlsplice. .
= fw Fifa
) Mew % Existing ¥ “iew Defaults

— Analeris Bpfions :
& Splice Design " Splice Capacity Check

—ﬂq&ﬁﬁi‘wﬁmr_e
" Custarnary [L5] & Metic [S1)

- Span Fepe
" Simple % Continuous

Save

Jl:-'rc Bridge 481, & for Gl @ 31500 P82

A WA ID?EEE—DSS—llS

The Welcome screen prompts the user to create, open, and revise an input file. Thisis the
starting point for any design or analysis. It has the following options:

New - click to create anew input file.

Existing - click to revise an existing input file. If you already have an existing input
file open and wish to open a different one, double-click on this option.

Splice Design - click to have the software design a splice for the given loading and
girder properties.

Splice Capacity Check - click to have the software check the adequacy of a given
splice for given loading and girder properties.

Customary (US) or Metric (Sl) - click to select the units system of choice.

Simple or Continuous - click to indicate the type of bridge span under
consideration.

Project Name - (optional) allows the user to type a project name in the box provided
(limited to 40 charactersin length).

Project Number - (optional) allows the user to type a project number in the box
provided (also limited to 40 charactersin length).
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View Defaults - when checked, allows the user to view and alter file default values
(refer to Appendix A for more information on AlSIsplice default values screens).

To develop anew input file, click the New option and select the appropriate Welcome screen
options. If you wish to create user-specific defaults, click to place a check mark in the View
Defaults box (refer to Appendix A). When finished, click the Next button to proceed to the
next screen.

To open or revise an existing file, click the Existing option. In order to provide software
guidance, an input file is distributed with the AlSIsplice software. The file, which is called
“SG1 31500 P82.dat”, will be used in this manual as an example of a software-generated
splice design. The example is for a splice located near the dead-load contra-flexure point.
The loadings in the example are those of a splice that was designed by HDR Engineering-
Pittsburgh for a two-span continuous, 20 degree-skewed, Slab-on-I-girders composite bridge
on the Pennsylvania Turnpike in Somerset County, Pennsylvania To open
SG1 31500 P82.dat, click the Existing option. When asked to save the current file, click
No. When the Open dialog box appears, click the file named SG1 31500 P82.dat (making
sure the appropriate directory is accessed) and then click Open. After SG1_31500 P82.dat
is opened, the Welcome screen will ook like the one shown above. When you ae ready,
click Next to continue,

5b. Loading I nput Screen

A= AlSlsplice [_ O]
File Current File: C:\Program Filez\a151zplicethSG1_31500_F82.dat Help

e
AASHTO LRFD Distri_huted, Unff_u:tured Loads Moment Shear
at the Splice Centerline [ kMem ] (KN
D 453 D L] e e e e pey 121184 |-255.0
D15 Drned et freii Tk doaabivice) o TG oo DECK |2439.68 |-30.408
Pue o Supermposed Additiond! Paad Lo3d ... pez |00 0.0
e e R S e e Py |10 |-76.0
P £ % 7 |3608.0 |159.0
it fe3 Miratives £ ves Fonnt st Aot 287 4820 |-470.0
Positive Fatigue fosd finchods 152 danamic fasd sfowancaj... 1% 4 19120 [43.0
Negative Fatigue oad finchde 158 donamic foad afemance.... 12+ 4 11030 [-118.0
Moment
Pasitive i
Eﬂb?&aﬁm@f < Back || Mext >
Liractored £ ﬂ.a'ﬂfx !
ﬂffm&ﬁfm 5 < : Save E xit
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The Loading screen enables the user to enter the unfactored moments and shears that are
applied at the centerline of the splice. The positive convention is denoted on the elevation
graphic. Negative moments are not accepted for simple-span bridges.

If the SI units system is chosen, moments and shears should be given in KN-m and kN,
respectively. These values should be given in k-ft and kips if the US units system is chosen.
When finished, click the Next button.

5c. Girder Properties|nput Screen

A= AlSlsplice
File Current File: C:\Program Filez\a151zplicethSG1_31500_F82.dat Help

Girder Properties. ..

- - H |dentical to
Left Girder Right Girder ™ 5o
-~ Gidar Fepe - Eader Fpoe
‘ f* Plate Girder ¢ Raolled Beam ‘ i+ Plate Girder " Rolled Beam ‘

Flange Steaf.. |M2T0G3458w x| | [M270Gias ]

o EETETE - | T

[ ) " = -Slabnl

Top Flange Thickpess... 1250 mm| |50 o

o e S o] [5000  gm fSO0O

Boffom Flange f.&.i:i’n&xx.lgz'n i I32'D i

FBottom Fange Widt...... 1500 mn 1B00 oo Froee
Wah Thickness.............. | IEXTRIE S (X s Feclin
Wit Depthn.................. 7E0n b 17E00

Shear Strenath, Yo _’1428'8 kM lMEE-S KM
< Back ||i Hext > |

Save E xit |

The Girder Properties screen allows the user to enter the dimensions, material properties, and
shear strengths of the two adjoined girders. Select either Rolled Beams or Plate Girders.
Click to place or remove the check mark in the Identical to Left Girder box (right girder
properties are filled automatically if checked). Refer to the cross section graphic for
clarification on selected items. Enter each girder’s nominal shear resistance as per AASHTO
6.10.7. Click Next to continue.
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5d. Additional Properties|nput Screen

A= AlSlsplice =]
File Current File: C:\Program Filez\AlSlzplicet5G1_31500 P82 dat  Help

Additional Properties___ |

- Mozsmom ffearances ——— | - Fowforced Cancroafe Sl ———
Bzzermbly Elearance...lh 220 ' Compozite ¢ Moncomposite
“web Clearance.......... |21-':| i [ Lightweight Cancrete

- Abgament Details ————— Reinfarcing Steel ﬁ.rea..!EDSE-D mmz

’_' Reinforcing Steel
Girder Clear Gap. ... 10.0 Tt Centroid Location i82-5 i

© WebCenter & Top  Bottom Rigirforcing Steel Fy. . |420.0 p4pg

|- - [ .Slab.|

) Comprezsive
-;’mﬁr gfﬁm"f Strength, el 28.0 MPa o
verage Daily irimLn
Truck Traffic, Slab Thickness............ ETT Clearance to
21 1 I 1544 Trucks nearest Weh
Effective Width............. [23050 o Bolt

MHumber of Lanes Available to Trucks:

11 {2 & Jormoe Haunch Depth.............. 00 mm e
Lecton

= Lannection Baffs - Span Defads

| 22r0m AASHTO M1E4 [2325M] ¥ ] SpanLength... 492 m

—ww'eb Bolt Threads Faying ) ) < Back || Execute
% Excluded ¢ Included | Surface - Splice Lacation = =
i Clazs. . £ Mear Interior 5 i

Flange Bolt Threads £l INLEnor auppor )
& Eucluded © Included IE :"l " Elzewhere Save Exit

The Additional Properties screen enables the user to specify minimum clearances (for design)
or number of splice plates (for analysis), aignment details, traffic frequency, and connection
bolt properties. The user also describes the reinforced concrete slab, if composite design is
chosen. The user also specifies the span length, and, when applicable, the splice location.
For additional information, refer to the graphics and/or tool tips.

Click Composite Design to utilize the slab’s strength or Noncomposite Design to ignore it.
For composite designs with lightweight concrete, click to place a check mark in the LWC
box. Enter zero for the value of Reinforcing Steel Area when the concrete dab’'s
reinforcing steel is not utilized. However, when the bars are utilized in the resistance
calculations, enter a combined area and respective centroid for an equivaent single row of
steel bars.

When finished entering the data, click the Execute button to perform the design or analysis
process.
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5e. Splice Properties I nput Screen

A= BlSIsplice I [=] E3
File Current File: C:\Program Filez\AlSlzplicet5G1_31500 P82 dat  Help
Splice Properties_ .
: Thickness Width

Splice Plates: Steel Type [Frirn] [rirn)
Fop Fange.. M270 G348y x| q 4 % 1500

2 |16 1215
o [EEET G % |50

218 %1215
Wik [meroGaeme  EE g0 x 1580

Ton =|:ll=uterplate
Splice Bolts: £ Rows #Bolis Pitch E';?cg: Thicknssa
T bt N T e e e 14 af I4 ¥ I?5 . T
Foaffam Flamea . !5 af |4 o I?5 ol
Lracs
A eee s e e s e !2 af I1E o I-“:":I 1T Fartion
Additional Dimensions [taken with respect to balt centers. mm] -
ﬂ___iau ,,Q___Im Az |150 g |40 e e
Bac Execute

H___iau ,!;-E‘___I‘“:' wr |150 e |40
g 120 w7110 X775 Save Exit

The Splice Properties screen appears only during splice analysis. This screen includes the
material properties and sizes of the top and bottom flange and web splice plates. The screen
also includes the number, spacing, and pattern of connection bolts.

For clarification on selected items, refer to the cross section graphic. When finished entering
data, click the Execute button to perform the analysis.

Since the Splice Properties screen is specific to analysis progressions, it will not appear in the
progression of Example SG1 31500 P82.dat, which is included in this manual and the
installation files. However, after the software design process is completed, the generated
design can be modified and then re-evaluated by accessing the splice properties screen via
the Adjust Design button (as discussed in section 7a).

6. Saving Input Data

Before execution of the software, it is recommended that the input file be saved. If a new
input file has not been saved before the Execute button is clicked, the user will be prompted
to save it. The user will also be prompted to save the current input file before opening an
existing file, creating a new file, or exiting the program.
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Exiting AlSlsplice... I

o
'-\3) Do you wizh to zave changes to the INPUT file before exiting?

Mo I Cancel |

When prompted, click Y esto save the file as shown, No to proceed without saving, and
Cancel to ignore the previous action.

Saving the Input File. ..

Savejn:l 4 AlSIsplice _'_i @I ﬁl

9] SG1_31500_P52.dat

File name: SG1 31600 PE2 dat Save I
Save as ype; iDﬁ'«T Filesz [*.dat] ;i Cancel |
o

In order to save an input file, one of two methods may be used. The Save button may be
clicked on any screen or Save Input File selected from the file menu.

In either case, the Save As dialog box, which is shown to the right, appears. The user may
enter a new filename or update an existing file. Select the appropriate directory, folder, file
type and filename and then click the Save As dialog box’s Save button.

7. Execution of the Software

After entering the required input values, and after progressing through the applicable screen
sequence, execution of the software may be initiated by clicking the Execute button found at
the bottom right of the screen (in the usual location of the Next button). Upon completion of
the analysis or design, the output graphic screen appears (shown in section 7a).

If either girder is determined inadequate to sustain the given construction, fatigue, strength,
or service loads, the program will terminate. A warning, including information as to the
nature of the inadequacy, will be given. If the user feels this warning message was reached
in error, the generated output report, written to the point of termination, can be viewed and
may contain additional, helpful information.
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8. Software Output

The software output consists of scaled graphics and a detailed report. Graphic illustrations
include the elevation and cross section views of the splice and adjoined girders. Graphical
output includes splice dimensions, bolt details, a summary of required filler plates, and splice
component performance ratios.

8a. Splice Design Summary Graphics

A= BlSIsplice I =]
File Current File: C:\Program Filez\AlSlzplicet5G1_31500 P82 dat  Help

Splice Design Summary___ |

22mm AASHTO M164 BOLTS 150 40
4 rows of 4 @ 75 mm [A325M - Flanges] mim A0 mm
N [AEZEH _x weh] E LNl He E

- Faying Surface Class = B
L aff Crazz
Sopfan
PERFORMAMCE BATIOS [MNG.OE): Il Chaw
Top Flange Balts............... 0.a3 Il Praht
Top Flange Plates............ 0.76 I i

Battom Flange Boltz.. . .90

Bottom Flange Flates.......0.96 15 spaces

@ 100 mm

“Wwheb Boltz....... 1.00
Web Plates............... 074
5 rows of 4 @ 75 mm m TI] e
Adjust Dezign I
Top Flange Splice: Bottom Flange Splice: Web Splice:
W20 Gradb Plates W270 Gradow Plates M270 Gradw Plates “Hack
1-14 =500 = 620 mm 1-16 =500 = 770 mm 2 - 10 = 350 = 1580 mm =
2-16 = 215 = 620 mm 2-18x 215 = 770 mm 2 Rows of 16 Bolts (2
4 Rows of 4 Bolts (2@ 5 Rows of 4 Bolts (2 100 mm Spacing Print Exit
75 mm Pitch 75 mm Fitch Splice =

When designing a splice, the Splice Design Summary screen appears. This screen contains
graphical output of splice details, required filler plates and their locations, girder cross
sections and elevation views, properties of the flange and web connection bolts, faying
surface class, and performance ratios.

If the two adjoined girders are different in size, the left girder cross section will be visible by
default. However, by clicking the Show Right button on the right of the screen, the right
girder will be displayed.

Generated performance ratios for each splice component are based on the ratio of factored
load to the available factored resistance. A performance ratio exceeding unity indicates a
violation of the 1999 AASHTO-LRFD Specifications, and thus, compels the user to adjust
the splice properties, accordingly (i.e. thicken splice plates, add more bolts, etc.). Due to the
improbability of block shear rupture modes controlling the design, their performance ratios
are shown on this screen only when their values exceed unity.
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The user may print the graphics and given properties by clicking the Print Splice button at
the bottom of the screen. The report text (shown in 7¢) may be viewed by clicking the View
Report button.

A useful feature of AlSIsplice is the Adjust Design button. After a splice design is
generated by the software, the user may modify the design to hissher preference. When this
button is clicked, all properties of the designed splice are loaded into the Splice Analysis
screen (as shown in section 4e), and the mode is changed from design to capacity check. The
user is sent to the Splice Analysis screen to change selected properties of the splice. When
the user selects the Execute button at the bottom of the Splice Analysis screen, the splice will
be analyzed and the Splice Analysis Summary screen will appear (shown in section 7b).

8b. Splice Analysis Summary Graphics

A= AlSlsplice =]
File Current File: C:\Program Filez\a151zplicethSG1_31500_F82.dat Help
Splice Analysis Summary. .. |
22mm AASHTO M164 BOLTS 150 40
4 rows of 4 @ 75 mm [A325M-% Flanges] ——mm — mm
e [A325M-% Weh] o - T
Faying Surface Class = B = = |
135 mm I Lokt Lross
Il Section
PERFOBMANCE RATIOS [NG Ok]: I ki
Top Flange Balts.............. .83 | Frahit
Top Flange Plates..... i I izt
Battom Flange Bolts.. i
Bottom Flange Flates. ... I 15 -Isupaces
Web Bols.......o....ocoo 1.00 i [ 100 mm
Wieb Plates. .. 0.74 I
|
Il
135 mm i
5 rows of 4 @ 75 mm 150 mm 40 mm
Top Flange Splice: Bottom Flange Splice: Web Splice: @~~~
270 Gradass Plates M270 Gr3daws Plates 270 Gradaw Plates e | View !
1 -14 = 500 = 520 mm 1- 16 =500 = 770 mm 2 - 10 350 = 1580 mm = i Report :
2-16 = 215 = 620 mm 2-18 =215 = 770 mm 2 Rows of 16 Bolts (@
4 Rows of 4 Bolts (= 5 Rows of 4 Bolts (2 100 mm Spacing Print E it
75 mm Pitch 75 mm Pitch Splice B

The Splice Analysis Summary screen includes all components of the Splice Design Summary
screen, with the exception of the Adjust Design button (since an analysis is performed
instead of design, thus the Back button may be used). The software also informs the user of
any given spacing which does not satisfy the provisions of AASHTO 6.13.2.6.
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8c. Report Output

A= BlSIsplice I =]
File Current File: C:\Program Filez\AlSlzplicet5G1_31500 P82 dat  Help

gt

| |»

ATETI=splice, Analysis and Design Software
for Eolted Splices of Steel Bridges
Wersion 2.0
Lr. Firas I. Zheikh-Thrahim, PE
HOE Engineering, Inc.

3 Fateway Center
Pittsburgh, PA 1E5EEEZ-1074
http: /f/wmr_ hdrine. com/#

Bz001 lwerican Iron and Steel Institute

PEOJECT NAME: PTC Eridge 481, 3 for GL @ 31500 PSg

PEOJECT NUMEER: O07666-033-113

INFPUT FILE MAME: C:%Frogram Files3AISIsplicei3Gl 31500 PSZ.dat
PN DATE & TIME: Sunday, Mar 11, 2001, Z:4% PM

l. PROELEM DEFINITIOM:

Analysis Type: Splice Design £ Back

Unit Preference: Metric (BI)

AASHTO Analysis Design Hethod: 1999 paSHTO-LEFD :

Span Type: Continuous Span Print Exit
Report = =

The report generated during the software execution can be viewed by clicking the View
Report button on the graphical output screen. Once the Report screen is displayed, the user
may use the scrollbar on the right of the Report screen, to easily view and navigate through
the report.

To save the report, click the Save Report button on the screen, or select Save Report from

the file menu. Then, follow the procedure given in section 5. When naming an output file,
do NOT use the same extension of the input files, to avoid overwriting the input file. The
report may be opened with any text-editing program.

By clicking the Print Report button, the report will be printed by sending it to the default
printer. Likewise, the report may also be printed using any text-editing program.

The format of the report will vary slightly depending on whether a capacity check or design
is performed (refer to Appendix B for report outlines).

Al Sl splice V3.0 Software Manual - 22



9. Exiting the Software

| File Current File: C:5\Program Fileshal51splicet561_31500_P8Z.dat  Help
Dz Eding Bl 22mm AASHTO M164 BOLTS =
Restart [A325M-X Flanges] A0 mm

[A325M-X Weh]
Faying Surface Class = B

Save Input File... Chil+5

Bottom Flange Flates..... .96
YWwieb Boltz 1.00
Wweb Plates

e =i Leff Lrazs
Secfian
PERFORMAMCE RATIOS [MG.OK): ki
Top Flange Balts.............. .83 Frahit
Top Flange Plates............ 0.76 izt
Battom Flange Bolts........ 0.90 15 e

@ 100 mm

Top Flange Splice:

5 rows of 4 @@ 75 mm

Bottom Flange Splice:

Wweb Splice:

150 mm

40 mm

Adjust Design I

270 Gradass Plates M270 Gr3daws Plates 270 Gradaw Plates e Yiew
1 -14 = 500 = 520 mm 1 - 16 = 500 = 770 mm 2 - 10 = 2350 = 1580 mm — Heport
2-16 = 215 = 620 mrm 2-18 2 215 = 770 mm 2 Rows of 16 Bolts &
4 Rows of 4 Bolts (= 5 Rows of 4 Bolts (2 100 mm Spacing Print

75 mm Pitch 75 mm Fitch Splice

There are several methods to exit the software. From any screen, the user may click the Exit
button at the bottom of the screen, or select Exit from the file menu. The user may also click
the close button in the upper right corner of the program’s window. The user will be
prompted to save the current input file before the program closes.

To avoid having problems, losing data, or corrupting input files, always exit the software by
one of these three methods.

10. Review of Computer Output

Since the user assumes all liabilities, he/she user should review the computer output carefully
and thoroughly, to verify the analysis and design performed by the software.

The first section of the report lists al given input values and should be reviewed by the user
in order to verify the accuracy of the entered input used by the software. If the problem
definition contains erroneous input values, then succeeding calculations and conclusions are
invalid.

At each limit state, the flange design forces are calculated and written to the report. These
values should be reviewed by the user to insure that the flange resistance is not exceeded.
Although flange stresses are checked by the software, it isimportant for the designer to know
the efficiency of each component. Also the user should review the report section titled “3.
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SUMMARY OF AASHTO DESIGN FORCES’. This section gives al limit state design
forces, which are used to determine the required strength of a splice.

11. Suggestions for Maximum Economy and Performance

Several steps may be taken to reduce the cost of a splice:

When using AlSIsplice in the design mode, utilize the Adjust Design button feature.
Modify splice properties to meet the needs of the project and the inventory of the
fabricator.

When using AlSIsplice in the analysis mode, try to optimize performance ratios by
selectively changing splice properties. Keep the difference between inner and outer plate
areas within the specified percentage, (refer to Appendix A) in order to equally distribute
the force between the splice plates and, thus, decrease the number of required bolts.
Compare your design with the AlSIsplice automated design, and select the least-cost

splice.

It is recommended to use the faying surface class which will be present on the girders
surfaces. Using a faying surface with a smaller surface condition factor (AASHTO
6.13.2.8) than what is actually present may cause overly conservative splice designs.
Blast cleaned surfaces, or surfaces with Class B coatings, should be designed and
analyzed using a class B faying surface to obtain cost-effective splices.

Whenever possible, opt to have the bolt threads excluded from the shear planes in the
flange and web splices.

When bearing controls the design of the web bolts, increase the edge distance dlightly to
increase the bearing resistance, and thus avoid using additional web bolts.

Since bolted splices are expensive to fabricate, make the use of al field splices optional,
to give the fabricator the option of selecting a least-cost alternative.
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Appendix A - Default Values

The Default Values screen allows the user to view all, and ater some of the AASHTO load
factors, resistance factors, bolt and splice details, load modifiers, and minimum design loads.
This is an optional portion of any analysis or design progression, and will not be shown
unless the View Defaults box is checked on the Welcome Screen. Click the appropriate tab
in order to change any of the default values used for current input file calculations.

The Reset Defaults button in the Default Values screen allows the user to set all default
valuesto their initial software preset values, after having been altered.

The Example “SG1 31500 P82.dat” input file uses atered default values, and will be shown
in this section. The load factors used in the example are those of 1996 PennDOT’s DM4 for
the P82 permit vehicle. This shows that the software can be used to utilize state specific load
factors.

Load Factors Tab:

A= AlSlsplice

‘File  Cument File: C:\Program Filesh&l5lsplicetSG1_31500_PE2.dat  Help

Default YWalues. .

Load Resistance | Balt Splice Load e
Factors Factars Detailz D etailz M odifiers L IEIE R

[ Fatigue : T Construction
Strength i Service

Haximum Minimum

Strength | : ;
DC Factor |1.25 |u.an
DW Factor . |1 50 (i |u.55 Reset Defaults

< Back || Mext>

Save Exit

Access this tab to alter load factors for the construction, fatigue, service, and strength limit
states. System defaults are taken from AASHTO 3.4.1 and 3.4.2. Maximum load factors
must be greater than minimum load factors and less than 3.0 (selected arbitrarily), while
minimum load factors may not be less than zero. In order to conservatively neglect wearing
surface loads which oppose the live load moment, the user may elect to use a minimum
wearing surface factor, DW, equal to zero.
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Resistance Factors Tab:

_ AlSlzplice
.EﬂE' --'Eu:rent'lfﬂe:~'I::"'QF':cigFam'FﬂeswSI%?lii:.e!\'ﬁﬁﬁ-_:_jism._ﬁ@ﬂa‘t ﬂielé

Default Yalues___

load |Resistance| Bot | Splice | Load

Factors | Factors | Detals | Detsls | Modiisrs | Minimums

With respect to AASHTO Art. 6542

TS I Y [E
Vs dbb. om0

- = s Reset Ee}él.lfls ; I

du . bs... 050

< Back || Mext>

Save Exit

Click this tab in order to modify resistance factors (such as those for tensile gross section
yielding, plate bearing, block shear, etc.) given by AASHTO 6.5.4.2. Resistance factors
which are less than 0.50 or greater than 1.0 will not be accepted by the software.
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Bolt Details Tab:

_ AlSlzplice
File  Curment File: I:'kF'mgFamFﬂe@WSl%pllCEHSGT_ﬁ*LEEIJ:I_F‘EQ’dat H«eli&:—u

Default Yalues___

Load

Factars Minimums

Physical Bolt Hole Clearances to be used for:
Bolt Diameters < 24 mm.._.___... Fi mm
Bolt Diameters > 24 mm._______[T7 mm

Reset ﬂe}éuﬂs : I

Exit

The Bolt Details tab shows the user the bolt hole clearances used (shown only for the SI
units system).
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Splice Details Tab:

_ AlSlzplice =] E3

.EﬂE' Current File: -'I::"'QF'rqgram Fifes'\-'-‘l.l-SI'splii:E'\SG1'_'31'5Ell:l_|"38'2.'dat Help

Default Yalues___

Load | Besistance | [ i Load
Factors Factors | Modifiers

Miriirnums

Minimum Number of Longitudinal Bolt Bows:

Inthe Web.. |2 sup Giewthwespectiothe Lo
longitudinal direction. Lo

[2 L3 Forexample, at right ste

' there are 2 rows.

In the Flanges...

Flange Inner/Outer Splice Plate Areas: —
Maximum Variation to allow |-| oo Reset Defaults

< Back "h.lg:u:t >

Minimum lateral gpacing of 5
flange bolts across the web il i
T Total splice area shall not be less than Save Exit
the area of t_l'_l_f':_smaller' connected fla_'nge_-

Click the Splice Details tab to set minimum limits on the number of required longitudinal
flange and web bolt rows (the software will not accept values less than 2).

In order to eliminate the effects of eccentric connections, the maximum variation between the
areas of the inner and outer flange splices is limited to 10%, as specified in AASHTO
C6.13.6.1.4c. However, the user may opt to reduce this percentage to as low as 5%.

The software uses a default value of 6 in. (150 mm) for the lateral distance between the
flange bolts closest to the web, lying on each side of the web. This generous value, which
can be atered by the user as needed, is used in the design mode to alow for easy
construction.

Finally, the default values section allows the user to require the flange splice plates to have,
as aminimum, the area of the smaller connected flange.
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Load Modifiers Tab:

_ AlSlzplice
.EﬂE' --'Eu:rent'lfﬂe:~'I::"'QF':cigFam'FﬂeswSI%?lii:.e!\'ﬁﬁﬁ-_:_jism._ﬁ@ﬂa‘t ﬂielé

Default Yalues___

Load | Resistance | Bot | Splice

Factors Factors Dietails Dietails Minimums

. Strength L.q':lad Hdg:lifierl.El:impuﬁéni:sl:
AASHTO Art. 1.3.2

Ductility Factor, T |1 0

Redundancy F‘&;tﬁ_ﬁ;&'ﬁ o

Importance Factor. 3, [T Reset Defaults |

< Back || Mext>

3 = 1.00

Save Exit

The value for the load modifier is dependent on factors relating to component and connection
ductility, member redundancy, and operational importance of the bridge. The software
default value for any load modifier is 1.0.

The factors for ductility, redundancy and importance are determined by the guidelines set
forthin AASHTO 1.3.3, 1.3.4, and 1.3.5, respectively.
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Minimums Tab:

. AlSlsplice
File

Cument File: C:\Pragram File&‘».-’-\l-SI'Splii:E"\SGT_'_ﬂ EUI;I_F‘EE.'Hat Help

Default Yalues._ .

Balt
~ Details

| Resistance |

Factors -~ Details

 Spliee |

Load
Modifiers

]" Shear Design:

Minimum Design Stress for the'[ﬁuntld.lling
Flange. F4: :

Fy = = L2075 Fy (8135142-1)

Web and Nunpur'ltmlling.FT_ang_e .Sllresse_s are
increased by the ratio Fcf to f cf

Reset Defaults

< Back "l\.lg:u:t >

Save Exit

. AlSlsplice
File

Cument File: C:\Pragram File&‘».-’-\l-SI'Splii:E"\SGT_'_ﬂ EUI;I_F‘EE.'Hat Help

Default Yalues._ .

. fpliee |

Factors ~ Details -~ Details

Load
Modifiers

Flezural Design T

Minimum Design Shear, ¥,
If V, <0.5V, then:

Vi =1.5%,  (6.13.6.1.46-1)
otherwise:

Ve c:ﬁg—v* (6.13.6.1.4b-2)

Reset Defaults

< Back "l\.lg:u:t >

Save Exit
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In order to comply with AASHTO 6.13.6.1.4c and 6.13.6.1.4b, flexural and shear design
minimums should be used to further proportion flange and web design forces. The software
applies flexural and shear design minimums, with respect to the 1999 Interim to the
AASHTO LRFD Specifications.

Flexural minimums are applied to the girder, referred to as the critical girder, with the least
nortcomposite moment of inertia of the two adjoined girders. Shear minimums are applied
to the girder having the smaller shear resistance. The aitical girder is used to determine
section properties, aswell as design stresses.
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Appendix B - Report Outlines

Design Report Format

1. PROBLEM DEFINITION
2. DESIGN LIMIT STATES

3.
4,

2.1. During Construction
2.2. Fatigue Limit State
2.3. Strength Limit State
2.3.1a For POSITIVE Moment
2.3.1b For NEGATIVE Moment (if applicable)
2.3.2. For Shears
2.3.3. Strength Design Forces
2.4. ServiceLimit State
2.4.1a For POSITIVE Moment
2.4.1b For NEGATIVE Moment (if applicable)
2.4.2. For Shears
2.4.3. Service Design Forces
SUMMARY OF AASHTO SPLICE DESIGN FORCES
SPLICE DESIGN
4.1. Top Flange Splice Design
4.1.1. Plate Design
4.1.2. Bolt Design
4.1.3. Block Shear Rupture Check (if applicable)
4.2. Bottom Flange Splice Design
4.2.1. Plate Design
4.2.2. Bolt Design
4.2.3. Block Shear Rupture Check (if applicable)
4.3. Web Splice Design
4.3.1. Bolt Design
4.3.2. Plate Design
4.3.3. Block Shear Rupture Check (if applicable)

5. SUMMARY

PERFORMANCE RATIOS
SPLICE DIMENSION SUMMARY
FILLER SUMMARY (if applicable)

Analysis Report Format
SPLICE ANALY SIS SUMMARY
1. Top Flange Splice
2. Bottom Flange Splice
3. Web Splice

1. PROBLEM DEFINITION
2. DESIGN LIMIT STATES

3.
4.

2.1. During Construction
2.2. Fatigue Limit State
2.3. Strength Limit State
2.3.1a For POSITIVE Moment
2.3.1b For NEGATIVE Moment (if applicable)
2.3.2. For Shears
2.3.3. Strength Design Forces
2.4. Service Limit State
2.4.1a For POSITIVE Moment
2.4.1b For NEGATIVE Moment (if applicable)
2.4.2. For Shears
2.4.3. Service Design Forces
SUMMARY OF AASHTO SPLICE DESIGN FORCES
SPLICE ANALYSIS
4.1. Top Flange Splice Analysis
4.1.1. Plate Analysis
4.1.2. Bolt Analysis
4.1.3. Spacing Limit Analysis
4.1.4. Block Shear Rupture Analysis (if applicable)
4.2. Bottom Flange Splice Analysis
4.2.1. Plate Andysis
4.2.2. Bolt Analysis
4.2.3. Spacing Limit Analysis
4.2.4. Block Shear Rupture Analysis (if applicable)
4.3. Web Splice Analysis
4.3.1. Bolt Analysis
4.3.2. Plate Analysis
4.3.3. Spacing Limit Analysis
4.3.4. Block Shear Rupture Analysis (if applicable)

5. SUMMARY

PERFORMANCE RATIOS
FILLER SUMMARY (if applicable)
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Appendix C - Block Shear Rupture Paths

Outer Flange Splice Plate Paths:

Path 2a

~g [T

Path 6 (Left Girder)

Path 7 (Right Girder)

Web Splice Plate Paths:

Girder Web Paths;

Path 8 (Left Girder)
Path 9 (Right Girder)

Path 4 (Left Girder)
Path 5 (Right Girder)

oo d

Path 2b

Path 5b

I

Il Path 3
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Appendix D - Software Limitations

AlSIsplice designs and analyzes bolted steel girder splices. Designs are limited to three
splice plates for each connected flange and two splice plates for the web connection.
Analyses must have two web connection splice plates of the same thickness, and one or three
flange splice plates, per flange. Splices must be symmetric about the gap centerline for any
given component (i.e. the top flange left girder section of the splice is identical to the top
flange right girder section). Web splices are centered about the center of the web.

The software is limited to splices of straight, right, homogeneous, steel I-girders of which the
top flange is not embedded in the concrete slab, the flanges are parallel, and are not skewed
at the location of the splice. Adequate clearance must be provided between splice plates and
fillets of rolled beams or welds of plate girders. Bolt patterns ae limited to constant pitch,
non-staggered bolt patterns.

When thick flange fillers are used, it may be necessary to increase the number of bolts
required to develop or extend the filler as per AASHTO 6.13.6.1.5. Therefore, it is possible
that the number of flange bolts required on one side of the centerline is greater than the
number required on the other side. Because this software is limited to symmetric splice
designs, the larger number of required bolts is used for both sides of the gap. It is
recommended that the user use a non-symmetric cost-effective splice. However, the user is
cautioned that the lesser number of bolts does not necessarily satisfy all other design criteria
(i.e. dip resistance, bearing resistance, block shear rupture, etc.) and, therefore, must be
checked.
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Appendix F - Sample of Bridge Splices Designed By Al Sl splice
1. Bridge Name: PTC Bridge B438, Somerset County, Pennsylvania
Project Type: Bridge Replacement/New Construction
Bridge Type: Composite Slab-on-1 Steel Girder Bridge
Number of Girders: 5
Girder Spacing: 2.7 m
Skew Angle: 45.00 Degrees
Span Type: Simple Span
Span Length: 56.40 m
Splice Location: 14.52 m
Design Specifications. 1999 AASHTO LRFD + 1996 PennDOT DM4
Owner: Pennsylvania Turnpike Commission
Design Firm: HDR Engineering, Inc.- Pittsburgh
Splice Designer: Jason A. Fuller, P.E.
Designer Quote: “The amount of man-hours saved by using AlSsplice was
incredible, but in addition to that, the aggravation of redoing a splice over and over
again by hand to make it efficient and cost effective was eliminated. Once we had a
viable solution by the program, it was verified by hand and the program was dead
on.”

2. Bridge Name: Rocky Hollow Bridge, Somerset County, West Virginia
Project Type: Bridge Rehabilitation
Bridge Type: Composite Slab-on-Steel Rolled Beam Girder Bridge
Number of Girders: 4 (dual structures)
Girder Spacing: 9'-0”
Skew Angle: »16.00 Degrees
Span Type: 4 Continuous Spans
Span Length: 40 ft — 56 ft — 84 ft — 62 ft
Splice Location: 16 ft back from Pier 2, 18 ft back from Pier 3
Design Specifications: 1999 AASHTO LRFD
Owner: West Virginia Department of Transportation — Division of Highways
Design Firm: HDR Engineering, Inc.- Pittsburgh
Splice Designer: Jason A. Fuller, P.E.
Designer Quote: “AlSsplice ssimplified the checking of the existing splices and the
design of a continuity splice. Once all the input values wer e cal culated, which would
be required to do for hand calculations also, it took minutes to run the program
instead of hoursto do the calculations.”
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3. Bridge Name: PTC Bridge B481, Somerset County, Pennsylvania
Project Type: Bridge Replacement/New Construction
Bridge Type: Composite Slab-on-1 Steel Girder Bridge
Number of Girders: 5
Girder Spacing: 2.7 m
Skew Angle: 69.52 Degrees
Span Type: 2 Continuous Spans
Span Length: 49.16 m - 49.16 m
Splice Location: 31.5m, 66.8 m
Design Specifications. 1999 AASHTO LRFD + 1996 PennDOT DM4
Owner: Pennsylvania Turnpike Commission
Design Firm: HDR Engineering, Inc.- Pittsburgh
Splice Designer: Firas|. Sheikh-1brahim, Ph.D.
Designer Quote: “I received numerous positive feedback, but | did not appreciate
AlSsplice until | had to use it to design the splices for PTC Bridge B481. AlSsplice
produced cost-effective splicesin a relatively short time. The use of AlSsplice helped
cut the cost of materials and design man-hours.”

4. Bridge Name:
Project Type:
Bridge Type:
Number of Girders:
Girder Spacing:
Skew Angle:
Span Type:
Span Length:
Splice L ocation:
Design Specifications:
Owner:
Design Firm:
Splice Designer:
Designer Quote:

If you would like to be included in future AlSIsplice publications, please fill in the items
above and email them to AISI.
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