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01 Overview

Steel Composite I-girder Design as per AASHTO LRFD 2012

Bridge Specifications

Overview

This tutorial demonstrates the design Bridge Type : o 2-Span Steel Cornp03|_te | girder curved bridge
. . . Number of main girder : 4, Steel Composite | girder
capabilities of midas Civil for a steel . :
composite | girder curved bridge Curvature radius : 170
P g g Skew : 0° (No skew)
Unless otherwise specified, the Unbr?ceo.l Iengt.h : _ 223
considerations comply with AASHTO Longitudinal stiffener : No
: il . e Shear connector : Yes, 7/8” x 77, Pitch = 5” (Section 2-2)
LRFD 2012 Bridge Design Specification 6t . I C ”
iy Transverse stiffener : Yes, 1.5” x 5", Fy = 36ksi, pitch = 90
Edition (US). .
CS Analysis : Yes
Time Dependent Material : Long-term modular ratio of 3n considered

through “Section Stiffness Scale Factor”.

Material Properties

Structural Steel
Web : ASTMO09(S), A709, Grade HPS70W
Flange : ASTMO09(S), A709, Grade 50W

Concrete
Pier & Pier Table :fc’ = 4.0ksi, ASTM(RC), Grade C4000
Deck : fc’ = 4.0ksi, ASTM(RC), Grade C4500

Reinforcing Steel
Main Rebar: ASTM(RC), Grade 60, Fy = 60ksi
Sub-Rebar : ASTM(RC), Grade 50, Fy = 50ksi

http://en.midasuser.com Midas Information Technology Co., Ltd.




01 Overview

Steel Composite I-girder Design as per AASHTO LRFD 2012

Bridge Specifications

Image 1-1. 2 Span Ramp

@ @ @ Image 1-3. Curvature Radlius

Girder No.@

Image 1-2. 4 Steel Composite | Girders, Cross Frames & Bracings
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Step

0 1 OveereW Steel Composite I-girder Design as per AASHTO LRFD 2012
Cross Section Loads
Section 1-1: Section in positive flexure DC1_1 : Self Weight acting on the non-composite section
Section information (Section 1-1) . . . .
d(in) b in) DC1_2 : Wet concrete weight acting on the non-composite section
s+ o 05
Bottom "Z”gi g 1:3 - ' DC2: Dead load of components and attachments acting on the
Concrete dec
Haunch 25 long term composite section

DW: Wearing surface load acting on long term composite section

Section 2-2 : Section in negative flexure Moving Load :
Code: AASHTO LRFD
Section information (Section2-2) nnnmnE No. of lanes : 1, wheel Spacing = 72”, eccentriCity =9
ron flange i __blel__ Vehicle Load:2, HL-93TDM, HL-93TRK
web Bl Multiple presence factor: 1.2
Bottom flange 25 20
Concrete deck 9 114
Haunch 25

Note: Midas Civil provides an option to enter Girder number
and CTC in the section data definition for composite section.
This is only needed to consider the lateral stiffness of the
bridge. The number is kept as ‘1’ and CTS as ‘0’ if the
cross beams have been modelled to consider the lateral
stiffness, i.e. this option is not to be used for lateral stiffness
consideration if the cross beams have been modelled.

http://en.midasuser.com Midas Information Technology Co., Ltd.



02

Modeling Methodologies

2. Modeling Methodologies

MIDAS Civil provides three methods
by which the initial modelling can be
done. These methods are just to
consider different types of analysis
cases. They have no effect on the
design methodology. Thus,
irrespective of the method you choose,
the design procedure followed by the
software will be same.

A. Sequential Analysis + Accurate
time dependent material

B. Sequential Analysis + Long-term
Modular Ratio of 3n

C.Composite Action w/o Sequential
Analysis

http://en.midasuser.com

A. Sequential Analysis + Accurate time dependent material

This modeling methodology is helpful when you want to have the Construction Stages
along with accurate Time Dependent Material definition. The important steps for such
modeling method are mentioned below.

LGo to Properties > Time Dependent Material > Creep/Shrinkage

Define the time dependent material properties for considering creep and shrinkage
through the construction stages.

LGo to Load > Construction Stage > Define C.S. and Composite Section For C.S.
Define the Construction stages and composite section for construction stage.
LGo to Analysis > Construction Stage Analysis Control

Check the box for inclusion of Time Dependent Effects in the CS Analysis.

Define Erection Loads. All the load cases which are to be distinguished from Dead
Load for CS output can be specified here. Specifically for composite bridges, all the
permanent loads after composite action which are to be distinguished from the
permanent load before composite action are added here. Refer to the image 2-1.

Note: Two main load types to be used for composite bridges are:
DC: Component and Attachment Dead load acting on the long-term composite section.
DW: Wearing Surface Load acting on the long-term composite section.

This classification is necessary for Auto Generation of load combination. When you
choose to Auto-generate the load combination, the software uses the load type from
erection load definition to generate the load combinations.

Steel Composite I-girder Design as per AASHTO LRFD 2012

Midas Information Technology Co., Ltd.



02 Modeling Methodologies

Steel Composite I-girder Design as per AASHTO LRFD 2012

Construction Stage Analysis Control Data [ =] . . . . .
* UGo to Results > Load Combinations > Composite Steel Girder Design
| @ Last Stage " Other Stage ]ﬁ] & Intel Define Erection Load [ES
Restart Construction Stage Analysis et Stages i t InmaICI:r el G s Eeecicn ped © H H
— TR wsimoeres.  [omtimmiscmmm e i | You can manually add the load combinations or choose to Auto-

"_ Cha- Assignment Load Cases

"ol | ot ] Generate the load combinations. Auto Generation of load combinations
2 |

e [ ] | [P i for composite steel girder design in midas Civil is as per Table 3.4.1.1.
I [v Include Time Dependent Effect Time Dependent Effect Control I | & Al

I~ Include Nonlinear Analysis

£ Tndepent

e
Load Cases to be Distinguished from Dead Load for C.5. Output | I~ Agpl 5 . . . . .
R TR = Note: Extreme Event Load Combinations are not considered in midas
2 Erection Load 2 oW oW Modify & L P . . .
) Tosete | || -semnsd Civil for Composite Steel Girder Design.
o —_— Note: Midas Civil provides an option to manipulate with the load cases
Save OUpREGTCuTent SBgeeamTTrcss) . ' .
e s S s covitos | _on_| e | for auto generation of load combination. There you can choose to
Image 2-1. Construction Stage Analysis Control generate the combinations using “Static only”, “CS only” or “Static + CS”

[PoTo— lel@| = T load cases. But for auto generation of load combinations in “Composite
G| Sty | sy s s o riron | Steel Girder Design” tab, “CS Only” should be used with construction

Load Combination List - Load Cases and Factors
No Name | Active Type Description e LoadCase Factor .‘- Stage Refer to Image 2-2
3 1 Stren | Add Strength1.75M[1].1.25(cD).1. | » 1.7500
2| sclLCB2 |Stren | Add Strength-Il:1.35M[1].1.25(cD).1.| Dead Load 1.2500
3| scLCB3 |Stren  |Add Strength-IV:1.50{cD).1.50(cEL1| DC2(CS) 1.2500
4| scLCBA [Seni |Add Senvice-1.00M[1],1.00(cD).1.0 | DW(CS) 15000
5| sclLCB5 | Seni Add Senvice-l1:1.30M[1].1.00(cD).1.0| Tendon Se 1.0000
6| scLCB6 |Seni | Add Senvice-ll:0.B0M[1] fRamma O — = i IZ{ "
7| scLCB7 | Senvi Add Senvice-IV:1.00(cD),1 Automatic Generation of Load Combinations = J
8| scLCB8 | Senvi Add Fatigue-l:1.50M[1],1] | C;Enun
9| scLCBY |Seni | Add Fatigue-II-0.75M[1],1 + Add " Replace . . . .
% - Note: Software distinguishes the pre-composite, short-term and long-
" steel € Concrete € SRC (5 Steel Composite H L
e term loads from the construction stage definition.
Manipulation of Construction Stage Load Case
- srody e sracs
ST : Static Load Case CS : Construction Stage |
Load Modifier : i
= [ElLoad Factors for Permanent Loads {Yp) = =
Load Factor for Settlement : 1
F m o ™ structural Plate Box Structures(Metal Box Culverts)

Condition for Temperature
€ Deformation Check £ all Other Effe

OK Cancel

Copy I Import... |I Auto Generation... I
Browse

File Name: ] D:\Office work|AASHTO comp design\tutorial\Curved 5

G

Image 2-2. Load Combinations
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Step

02 Modeling Methodologies

Steel Composite I-girder Design as per AASHTO LRFD 2012

B. Sequential Analysis + Long-term Modular Ratio of 3n

Note: Software distinguishes the pre-composite, short-term and

This modeling methodology is helpful when you want to have the
Construction Stages analysis with time dependent effects
considered only for composite section through the ratio of
modulus of elasticity of steel and concrete. The important steps
for such modeling method are mentioned below.

QGo to Properties > Section Properties > Add > Composite
Section

Define the composite section and check the box for Multiple

Modulus of Elasticity.

Enter the long-term modular ratio (3n) i.e. Es/Ec for long term.

Refer to the image 2-3.

After you click OK for the composite section definition, the

software automatically generates Section Stiffness Scale Factors

in discrete boundary groups. These factors take into account the

varying section properties for the composite sections. Refer to

the image 2-4.

QGo to Load > Construction Stage

Activate these boundary groups in their respective construction
stages. OR

Go to Load > Construction Stage > Composite section for
Construction stage

Click on Update Long Term. Doing so, all the effective width
scale factor boundary groups automatically get activated in
respective stages. Refer to the image 2-5.

Note: Construction Stage Analysis Control and Load
Combination definition is same as the previous method.

long-term loads from the construction stage definition. All the
loads activated before the composite action in the CS are
considered as Dead(Before) and use steel only section
properties. Loads activated after the composite action in the CS
are considered as Erection Load and use long-term composite
section properties. All the loads acting in Post-CS are
considered as temporary loads and use short-term composite
section properties

Image 2-3. Composite
Section Data

Section Data

DB/User  Composite |

Secton |1 Neme |Secton 1-L

BISIS R e

DR BB AR A A A A AR A A R R A A A A A AR Al :

PhRgE ey

2 I

:: T L (S e Show Stiffness.
‘ Add. ‘ o= ]
Modify. .
e Image 2-4. Section
Update all H Manager
I:.,:I
Offset: Center-Top
e O I¥ Consider shear Deformation. i
= Image 2-5.
Sron Caaiaton s, | [0 Concd - Composite
Section for CS

http://en.midasuser.com
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02 Modeling Methodologies

Steel Composite I-girder Design as per AASHTO LRFD 2012

C. Composite Action w/o Sequential Analysis

. . . , Load Cases for Pre-Composite Section tihj Boundary Change Assignment to Load Cases/Analyses o]
This modeling methodology is helpful when you don’t have d .
nstruction fined. -
Co structio S_.tages de _ ed. The ang term effect . i —
consideration in the section data using modular ratio is same
as that in methodology B. The important steps for such —
modeling method are mentioned below. :
W Filter Boundary Group
OGo to Load > Settlement/Misc. > Pre-composite Section e corges secun s | ———
o] o | 220y e
Select the static load cases which are to be considered before Image 2-6. Load Cases for W s reenas
H H H H Pre Compos,te SeCthn Time H\sturyﬁeasl‘ft;ise Spectrum/Eigenvalue Analysis E:E:::gzg
Comp03|te aCt|0n I-e- DC1 . Refer to Image 2-6. P.ushwerAnalys\s = Unchanged
QGo to Analysis > Boundary Change Assignment ot
Remove Boundary Change Assignment to Load Cases/Analyses ] [ o ] Cancel
Assign the boundary groups representing the section stiffness Image 2-7. Boundary Change Assignment

scale factor, to the after composite static load cases i.e. DC2
and DW. Refer to image 2-7.

Note: Modeling method B is demonstrated through this tutorial

Note: All the static load cases selected in “Load Cases for Pre- and modeling method C is demonstrated thorough the box
Composite Section” are considered as Dead(Before) and use girder tutorial.

steel only section properties. Load cases assigned with section

stiffness scale factor boundary groups through Boundary

Change Assignment are considered as permanent loads and

use long-term composite section properties. All the remaining

static load cases are considered as temporary loads and use

short-term composite section properties.

http://en.midasuser.com Midas Information Technology Co., Ltd.




03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

Composite Design

Composite bridge is one where a reinforced concrete deck slab sits on top of steel I-beams, and acts compositely with
them in bending.

Preliminary sizing is part of the concept design, and is often based on crude estimations of load distribution, and
resulting bending moments and shear forces. However, for steel composite highway bridges, preliminary design
charts are available to facilitate far more accurate initial girder sizes.

Detailed design is effectively design verification to the AASHTO LRFD, which is more of a checking process than
original creative design. Modelling and analysis is carried out for the selected structural arrangement for the various
loading conditions (including fatigue) taking full account of any curvature and skew. The adequacy of the main
members (composite beams, box girders etc.) is then checked in detail to ensure that they are adequate to carry the
applied moments and forces. Details such as shear connector and stiffener sizes, are chosen at this stage to suit the
global actions of the main members.

Design Steps:

A. Define Longitudinal Stiffeners

Define Effective Width Scale Factors

Input Span Information

Modify Construction Stage

Define Construction Stage Analysis Control
Generate Load Combinations

Input Design Information

View Design Results

ITOMMOOW

http://en.midasuser.com Midas Information Technology Co., Ltd.




03

Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

A. Elastic Modulus Ratio

You can manually define the effective width scale
factors to consider the long term effects like creep
and shrinkage for the composite sections or use
the Section Data Dialog Box to automatically
define the Effective width Scale Factors to
consider the same. In this tutorial we will use
Section Data Dialog Box.

Material > Check ™ Multiple Modulus of Elastidity
Material > Es/Ec (Creep) > 23.8749

Note: Long term modular ratio; 3n = 3*7.9583 =
23.8749

Click = Refer to image 3-3.
Repeat steps A and B for Section 2-2.

Click dese | Refer to image 3-4.

Section Data &J

DB/user Composite I

SeconD | 1 Name | Section 1-1

SectionType :  |Steeld -

Slab Width 114 in
Girder : Mum G E1C a in

]

Slab
Bc 114 in
o 9 in
Hh 25 in

Girder
me [ ot 05 i
Bl 16 B. 18
Bft |0 Bf2 |0 in
tf1 2 t2 |2

Bf3 |0 in

Material
Select Material from DE ... I

Es [Ec 7.9583  Ds/Dc 0
Ps 0 Pc 0

o g
¥ Multiple Modulus of Elasticity
EsfEc (Creep) 23.87%9
Es/fEc (Shrinkage) 0

Offset: Center-Top

Change Offset ...

¥ Consider Shear Deformation.

& ™
Properties [&
Material Section ]Th\dmess1
| o[ Name | Type | Shape | Add...
1 Section 1-1 Compo... CP_I
2 Sechon22 | T Modify...
3 End Diaphragm DB I Delete
4 Angle sec DB L —
5PLE User SB Copy
6 P1 User SR
7 Dummy Crossheam User 5B Import
Renumber

[ Show Caleon Resutse | | ok [f cancel |

Image 3-1. Section Data Dialog Box

Close

Image 3-2. Section Properties Dialog Box

http://en.midasuser.com
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03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

B. Define Effective Width Scale Factors
)

Section Manager
To check the Auto Generated Section Stiffness e e Stffess Scle Factor
Scale FaCtorS, [stifress = F cus cuz Csp O [t aerty oo [T Duct Hel St rie i SIE
~Target Section & Element - [~ View Paint - Scale Factor (T, J)
: ™ i->j (local %) & j->iflocalx) [™ Reinforcement Ba Fi=: v Before [ After
. . '. : N area Asy Asz Doe  Iyy  lzz Weight W
OGo to Properties > [ Section Manager > FRREE e || o e s s e
Stiffness ] e e e D e S T
Add / Replace
. . H L8 I=J] L) fAre | fRsy| fAsz| fooc | flyy | flzz | fgt| - -
Target Section & Element > Double Click on 1 Ly = | [, [T 053[053 (084 037 [0.75 0.34| 1000
. S - o.?z‘} J |0.63(063(094(0.37|075|0.34|1.00 OE|
: Section 1-1 e 2 N i
Target Section & Element > Click on element B = T v »
numbers to see the stiffness scale factors. o Cordraz @ Cotdd  ( Lefigottom
Refer to image 3-5. g Tencn | s |
%i: I F'ruﬁlel F'ropertyl yiin) | zlin} | Area(m"2]| __': .
. : 47 |
Repeat the same for Section 2-2 to see the - Sa ‘
. . ey
stiffness scale factors for that section. 2= K
e
. L %l
Note: These Stiffness Factors are .- |
automatically added into boundary groups Y B ._ =
WhiCh Wi” be aCtiVated in post Composite . Copy Scale Factor to... | ‘Sechanlfl G:-62.948, 1.0236 SELECT Show Stiffness... |
Construction Stage to take into account the
Iong term effects. Image 3-3. Section Manager Dialog Box

http://en.midasuser.com Midas Information Technology Co., Ltd.




03

Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

C. Input Span Information

Span Information ) Span Information (2]
Span information is required for the program to distinguish the end and GrderNeme  [511 Grdertame  [514
interior panes. Separate shear check formulae are needed for the panels —_—— st Qs
depending upon their location. Span information is used for viewing the [SBt0111 236107 [sBto111 2360058
Composite Design Results and Design Result Diagram as per Span. Add Replace Deete Al AddReplace Delete Al
No. | Element | Length(in)| Support :A. No. | Element | Length(in)| Support |
QGo to Structure > 5/ Composite Bridge > Span Information 777 e IR e
3 99 (58322778 | Mone 21 108 |58.322778 | Mone
G, d N > S1 L 4 437 |58.322778| MNone 22 446 (58322778 | MNone
iraer m - _ None 23 109 |58.322778| Mone
.e a e : lgg :g;;i‘;’:: MNone 24 447 | 58322778 | MNone
ASSIgn Elements > Check @ mumber 7 101 |58.322778| None 25 110 |58.322778 | Mone
Assign Elements > 98to111 436to449 e e e
Assign Elements > Click AddReplace 10 a0 seazams, fore R
Assign Elements > Support > Click on the box for support and change the Span by Element Length Span by Element Length
support position from ‘None’ to ‘I’ and ‘J’ for Elements 98 (first element) _ 'E”“f;s " - 'E”"f;: g
and 449 (last element) respectively. [Foe n [Tme n
Refer to image 3-6. (exiz505. ) )
~Inner Direction of Multiple Girders ~Inner Direction of Multiple Girders
| & (JLocal-y " (+Localy . * (-lLocal-y ¢ (Hlocal-y
i i i . Girder Information Girder Information
Girder Information > Click add |
No. | Name Element List & No._| Name Element List 2
. . i 514 98, 436, 99, 437, 100... | | ! S14 98, 436, 99, 437, 100... | |
Repeat the above steps for other girders with the help of data below: z & fpaambe B P i memesanes. -
add | Modfy |  Deete | add | wodfy |  Dpelete |
Girder Name > S1-R; Assign Elements > 40to52 382t0394 e ' Cose
Girder Name > S2-L; Assign Elements > 83t096 422to435

Image 3-4. Span Information Dialog Box

Girder Name > S2-R;
Girder Name > S3-L;
Girder Name > S3-R;
Girder Name > S4-L;
Girder Name > S4-R;

Assign Elements > 27t039 369t0381

Assign Elements > 68t081 408to421

Assign Elements > 141026 35610368

Assign Elements > 53t065 119 395t0407 450
Assign Elements > 11013 343t0355

http://en.midasuser.com Midas Information Technology Co., Ltd.




03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

C. Model View of Span Information

lisEIste i
] i

S1-L S2-L S3-L S4-L

s
it
S

S1-R S2-R S3-R S4-R

Image 3-5. Span Information

http://en.midasuser.com Midas Information Technology Co., Ltd.




03

Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

D. Modify Construction Stage

Section Stiffness Scale Factors need to be activated in the
stage when the composite action begins. Composite action for
both the composite sections starts in Construction Stage 3.
Thus these stiffness scale factors should be activated in this
stage.

OGo to Load > Construction Stage > [ig¢ Define C.S.

Construction Stage Dialog Box > Select CS3

Click _medfyshow  jn Construction Stage Dialog Box
Compose Construction Stage > Click Beundary |
Group List > Select Creep 1 and Creep 2
Activation > Click _Add | Refer to image 3-7

Click oK
Click Close

4 = Bl
Construction Stage @
Name | Duration | Date | step | Result | Add
Cc51 1 1 a Stage,...
cs2 1 2 0 Stage,... —__]I”“rt Brev
L = Insert Next ]
Generate
Modify/Show
Del
Clos

Image 3-6. Construction Stage Dialog Box

r 3
Compose Construction Stage M
—Stage - 1 Additional Steps 1
Stage : C53 _"._]“:_j : Add 1 Delete

[E=] Day: |0 |
Name : 5 ( Bxample: 1, 3,7, 14 ) _Modfy | dear ||
Duration : | 1 =i day(s)
~Auto Generation -
~Save Result
| | Step Mumber : ]D E
¥ Stage |v Additional Steps
Generate Steps
Current Stage Information. .. I LAt
Element oad ]
Group List 1 — Activation — 1 Deactivation
BG1 —~Support [ Spring Position —
Eliiﬁr_ | " Original {+ Deformed
Rigid =

Group List Group List

MName Position Name

m Modify I Delete ] Add ] Delete ]

I OK I Cancel ‘ Apply J

Image 3-7. Compose Construction Stage Dialog Box

http://en.midasuser.com
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Step

03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

f Define Erection Load Lﬁ‘
E. Define Construction Stage Analysis Control I

All the after composite loads have to be distinguished form the before composite e WE=LIE
dead loads, i.e. DC2 and DW have to be separated from DC1. This is done in o=
midas Civil by defining DC2 and DW as erection loads in the construction stage list of Load Case Soicted Lood Come
analysis control. Dert :
0Go to Analysis > ZZ Construction Stage 2|

_f'_]
Load case to be distinguished from Dead Load for C.S. Output > Click [ |
Define Erection Load > Load Case Name > DC2
Define Erection Load > Load Type for Post CS > Dead Load of Component & T 1 o ‘
Attachments |
Define Erection Load > Assignment Load Cases > Select DC2 > Click =] Image 3-8. Erection Load Definition for DC2
Refer to image 3-8.
CIICk L I.Deﬁnelirect'lcm Load [ﬁ‘
Load case to be distinguished from Dead Load for C.S. Output > Click _*_| ey :E::dLoadmmgSmﬁcemuﬁ"ﬁ 5
Define Erection Load > Load Case Name > DW - Assignment Load Cases
Define Erection Load > Load Type for Post CS > Dead Load of Wearing Surface oadcase - |
& UtI|ItIeS List of Load Case Selected Load Case
Define Erection Load > Assignment Load Cases > Select DW > Click | piz _
Refer to image 3-9.
Click __o >

_f‘_]
Click — |
QOGo to Analysis > 24) perform Analysis | = =

Image 3-9. Erection Load Definition for DW

http://en.midasuser.com Midas Information Technology Co., Ltd.



03 Com p OSIte Glrder D eSIQ n Steel Composite I-girder Design as per AASHTO LRFD 2012

F. Generate Load Combinations

. . . . . . . Automatic Generation of Load Combinations llﬂ:_?-J
In this tutorial we will Auto Generate Load Combinations for Composite Design as per e
AASHTO LRFD 2012. @ Add " Replace
Code Selection
+ . . (" Steel 0 Corcrete 7 SRC F Steel Composite
DGo to Results > Ui Load Combinations s Coct vemomme B
Click Composite Steel Girder Design . .M;‘nizu;?r:: ofCOHLoad Ca{s‘es'T_ms |
ST : Static Load Case CS 1 Construction Stage

CI'Ck Auto Generation... | Load Modifier : 1

- [lLoad Factors for Permanent Loads {Yp) -

Automatic Generation of Load Combinations > Design Code > AASHTO-LRFD 12 Load Factr fo Settement: |
Automatic Generation of Load Combinations > Manipulations of CS Load Cases L ek B e R e

—Condition for Temperature

> Select {* CS Only Refer to |mage 3-1 O . " Deformation Check (+ Al Other Effects

Click | i

You can view the Auto generated load combinations as in image 3-11 Image 3-10. Auto Generation Load Combinations
Cll Ck res Dialog Box

Load Combinations I = 53_ |
General | Steel Design | Concrete Design | SRC Design  Composite Steel Girder Design ]
~Load Combination List - 1 1 Load Cases and Factors -
No| Name | Active | Type Description _‘__' LoadCase Factor =
b Strengt | Add | Strength-1:1.75M[1],1.25(cD),1.25(cEL 4 1.7500
2|scLCB2 | Strengt |Add | Strength-ll:1.35M[1],1.25(cD).1.25(cE Dead Load 1.2500
3| scLCB3 | Strengt |Add | Strength-IV:1.50(cD),1.50(cEL1),1.50( DC2(CS) 1.2500 Image 3-11.
4|scLCB4 | Service | Add | Service-l:1.00M[1],1.00(cD),1.00(cEL1 DW(CS) 1.5000 Auto
5| scLCB5 | Senice Add | Service-11:1.30M[1].1.00(cD).1.00(cEL Tendon Se 1.0000 Generated
6| scLCB6 | Senice Add | Service-lI1:0.80M[1].1.00{cD).1.00{cEL Creep Sec 0.5000 Load
7| scLCB7 | Senice Add | Service-V:1.00{cD),1.00{cEL1).1.00(c Shrinkage 0.5000 Combinations
8| scLCBS | Service |Add | Fatigue-I:1.50M[1],1.00(cD).1.00(cEL *
9| scLCBY | Senice |Add |Fatigue-ll:0.76M[1].1.00(cD),1.00{cEL
*
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Step

03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

G. Input Design Information G. Input Design Information

Click in Hybrid Factor Window

QGo to Design > 'z Composite Design > |g| Design
Parameters Concrete Material Selection > Code > ASTM(RC)
Concrete Material Selection > Grade C4500
Composite Steel Girder Design Parameters > Code >

AASHTO-LRFD12 Reinforcement Selection > Code > ASTM(RC)
Composite Steel Girder Design Parameters Concrete Material Selection > Grade of main Rebar >
> Click __Uedateby Coce Grade 60
Concrete Material Selection > Grade of sub Rebar >

Option For Strength Limit State > Check Grade 50

[v Appendix A& for Megative Flexure Resistance in Web Compact

IR IIEAEEE T Click  modfy in Modify Composite Material Window
[w Mn=1.3RhMy in Positive Flexure and Compact Sections(g. 10.7. 1.2-3)
[v Paost-bucking Tension-field Action for Shear Resistance(s. 10.9.3.2) Click Close Refer to image 3-14

Click Refer to image 3-12.
Note: Hybrid Factor is used when the material of top

U Go to Design > % Composite Design > B Design flange, bottom flange and web are different. If the material
Material for all the three components are same then single material

can be defined without the use of hybrid factor.

Select the SRC material in the ‘Material List’.

Steel Material Selection > Code > ASTMO09(S) U Go to Design > % Composite Design > Load

Steel Material Selection > Check v Hybrid Factor Combination Type

Steel Material Selection > Click _--- | Software automatically classifies the auto generated load
combinations into Strength, Service and Fatigue

Flange(Top) > Grade > A709-HPS70W categories. Here, you can choose the load combinations to

Flange(Bot) > Grade > A709-HPS70W be considered for Composite Design.

Web > Grade > A709-50W

Refer to image 3-13 Click Refer to image 3-15
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03 Com p OSIte Glrder D eSIQ n Steel Composite I-girder Design as per AASHTO LRFD 2012

G. Input Design Information

- - ~
Composite Steel Girder Design Parameters &J
. {{ & h
SRl AASHTOLRFD 12 b e it ] Modify Composite Material M
~Strength Resistance Factor
[ Material List -
Resistance factor for yielding (Phi_y) 0.95 |
]_D._E.— Main-bar
Resistance factor for fracture{Phi_u) : + SRC A709-50W  Grade C4500  Grade 60 Grade 50

Resistance factor for axial comp. (Phi_c) ] 0.3
Resistance factor for flexure (Phi_f) J 1
Resistance factor for shear(Phi_v) 1

4 i 0.85 :
Resistance factor for shear connector{Phi_se) - Compasite Material Selection
Resistance factor for bearing(Phi_b) ] 1 - Steel Material Selection -
Code:_[sosis 3] .
- Girder Type for Box/Tub Section o L) i Hybrid E @1
v Hybrid Factor > ybrid Factor Image 3-13
" Single Box Sections @ Multiple Box Sections — g -
|¥ Consider St.Venant Torsion and Distortion Stresses Grade ; |A705-50W FEenge(Top); 1 Hybf'ld
- . Es : |29000 kpstin~z  Fu Grade: [ROLETRLTl ~ Factor
~Option For Strength Limit State Fy : [50 e . [0m e [ Dialog Box

¥ Appendix A6 for Negative Flexure Resistance in Web Compact - =
Fy : 70 kips/fin~2

[ NonCompact Sections
¥ Mn<1.3RhMy in Positive Flexure and Compact Sections(s, 10.7.1,2-3)

| .17 Post-buckling Tension-field Action for Shear Resistance(6.10.9.3.2) | Concrete Material Selection - -1 L
B Do : Code : ]ASTM(RC) 5 Grade: |Grade C4500 ~ [~Flange(Bot)
[¥ Strength Limit State-Flexure | Specified Compressive Strength (fc/fck) =45 kipsfin~2 e ]A?OQHPS?D\“. ,1
v Strength Limit State-Shear - i i =
rr: .g - - Reinforcement Selection - Es : [29000 bpsfg~o  Fu @ |85 Kipsfin~2 _ .
v Service Limit State e IA—M‘PE)_“:'] Fy 70 kipsin”2 Load Combination Type M
[v Constructibility
[v Fatigue Limit State Grade of Main Rebar : 1Grade 60 >| Fyr: |60 kipsfin~2 Steel Composite Design ]
| Shear Connectors, Longitudinal Stiffeners Grade of Sub-Rebar : JGrade 50 L] Fys: |50 kips/in "2
i | = Load Combination List Strength Limit State
rWeb—
i sclCB1
oK | Cancel Modify 1 Close - il
L Grade : |A70S-50W v < ] [scLees
p . p (= i ~ Fu : |70 i ~
) . Image 3-14. Composite Material Dialog Box fpsing2 peine2 in
Image 3-12. Design Parameter Dialog Box g P 9 Fy : [0 Kipsfin~2 s Lo
& scLCB4
= |
ol |saces
scLCB7
oK Close Fatigue 1 Limit State
-5 [seces
o

Fatigue 2 Limit State
scLCB9

]

Image 3-15. Load
Combination Type
Dialog Box

Cancel
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Step

03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

G. Input Design Information G. Input Design Information

UGo to Design > % Composite Design > Target Section & Element > Select ‘1 : Section 1-1’;
=2 Longitudinal Reinforcement Refer to image 3-17

In this tutorial, the longitudinal reinforcement will be provided Transverse Stiffener > Check v web

in the negative flexure sections only i.e. Section 2-2. Transverse Stiffener > Click _... |

Stiffener Type > Flat

Target Section & Element > Select ‘2 : Section 2-2’;  Refer Transverse Stiffener > Select * one stiffener

to image 3-16 Transverse Stiffener > Fy > 36ksi

Longitudinal Reinforcement > Select @ InputMethod A Transverse Stiffener > Pitch > 90in

Ref. Y > Left Transverse Stiffener > H > 5in

Y > 3in Transverse Stiffener > B > 1.5in;

Ref. Z > Top

Z>4.37in Click

Num > 19; ‘Num’ stands for number of reinforcement bar Click aoply |

Spacing > 6in

Dia > #8 Target Section & Element > Select 2 : Section 2-2’

Part > Part 2; Part 2 is the concrete deck and Part 1 is the Transverse Stiffener > Check v web

steel girder Transverse Stiffener > Click _... |

Click ___add Stiffener Type > Flat

Click  #eov | Transverse Stiffener > Select

Click __cese | Transverse Stiffener > Fy > 36ksi

Transverse Stiffener > Pitch > 90in

Go to Design > % Composite Design > 28 Transverse Transverse Stiffener > H > 5in

Stiffener Transverse Stiffener > B > 1.5in

Transverse stiffeners are required for considering the tension Click

field action in interior stiffened panels for Strength Limit State Click roply |

check. Click Close
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03

Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

G. Input Design Information

Image 3-16. Longitudinal Reinforcement Dialog Box

Section Manager

__Copyrenfwmentzs.. ||| [Seinz?

~Mode T T
rrr— ]| :
Reinforcements - _ | ® Grid: |5 in ¥ snap
~Target Section & Element -
=1 F Section:2
: 1 - Section 1-1
™Y 2 Gection 2-2
A
x
F1=
G: 31.025, 49.687 SELECT

Section Manager |_X_§_|
~Mode B S —
| [ 5 i id : 15 i v S ¥ Same Stiffeners Data ati &j-end
1Transverse Stiffener _v_] _ aja &l ® == = i ¥ snap !
'. i |
~Target Section & Element 1
= [~ Transverse Stiffener
- =ction
I X 1 section 1 ¥ web [Fat
L e D L
x
' e 5
i B [ Stiffener Type =5
w Transverse Stiffener
(¥ One stiffener
| Longitudinal Reinforcement ]shea, Reinforcement | e
¥ Same Rebar Data ati &jend
= Fy 36 . | kipsfin~2
Coordinate { Centroid (" Left-Bottom pitch IED— .
n
™ Guide Line : o I
H 5 in
I ¥ ]'“h'—
] | B 15 in
~Type
" Point {* Line " Arc
" Cirde £ Poly Line
{* InputMethod A 1 InputMethod B I—IOK F
Ref. ¥ iLEf’t - v |3 in
\
Ref.z frop | z [437 i
Num 19
Spadng 6 in
ction 1-1 |+ -35.224, 81845 | SELECT
Cia #a i
Part Part 2 . Apply ] e

Reference for Tapered Section -

e = |
As IT in"2

add | modfy | ek |
Mult Add |

‘Tcp

Type

Num CTC (in) D
1] Line 0|#8

a

1 Tl

| =]

Apply
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Image 3-17. Transverse Stiffener Dialog Box
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03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

G. Input Design Information

Fig : Section 1-1 Model View

Fig : Section 2-2 Model View
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Step

03 Comp OSIte Glrder DGSIQ n Steel Composite I-girder Design as per AASHTO LRFD 2012

G. Input Design Information G. Input Design Information

: . . Select elements 368.
QGo to Design > % Composite Design > 13 Unbraced Position > |

Length Click  #v |

Lb, Unbraced length is used for Lateral Torsional Buckling

check in Composite Design. U Go to Design > % Composite Design > == Shear

Connector

Select all the composite girders.

Laterally Unbraced Length > 223in In this tutorial, the shear connectors will be provided in the

negative flexure sections only i.e. Section 2-2.

Click  #eoy |
U Go to Design > % Composite Design > 3 Design EEI:;: allptsflg El?u:ﬁ:?tﬂ%gj?ll'lg?e %l';?m?rs with Section 2-2.
Position type

Shear Connector > Category > C

Shear Connector > Pitch > 5in

Shear Connector > Height > 7in

Shear Connector > Dia > 0.875in

Shear Connector > Fu > 60ksi

Shear Connector > Spacing Shear Connector > 4in; This
spacing is the transverse spacing between two adjacent
shear connectors.

Shear Connector > Num. of Shear Connectors > 3; This is
the number of shear connectors placed transversely in
each row

Design positions are the locations at which the Composite
Design will be performed.

Select all the composite girders.
Check Position> 1 & J
Click _ #esv |

0 Go to Design > e Composite Design > Position for
Design Output

Position for Design Output are the locations for which the
detailed Design Report will be generated in Excel format. Click v |

Select elements 75.
Position > J
Click apply |
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03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

G. Input Design Information

Fig : Design Positions Model View

Fig : Element 75; Section 1-1; Positive Flexure

Fig : Positions for Design Output Model View

Fig : Element 368; Section 2-2; Negative Flexure
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Step

03 Com p OSIte Glrder D GSIQ n Steel Composite I-girder Design as per AASHTO LRFD 2012

G. Input Design Information

Q Go to Design > % Composite Design > U Go to Design > % Composite Design > Design Tables
s Fatigue Parameters > Design Force/Moment

Select all the composite girders. You can check the design forces used for Composite
Check w E::mendpartsﬁaj} have the same Design in this table. Refer to image 3-18.
Shear Connector > Category > C’ U Go to Design > % Composite Design > [&& Design
Shear Connector > (ADTT)SL > 1000 . _
Shear Connector > N(n/cycle) > 1 Perform Composite Design.

“Composite steel girder design has been successfully
Click apply | completed”; this message in the message window

indicates the completion of Composite Design.

U Go to Design > % Composite Design >
=2Curved Bridge Info.

This curved bridge information allows the software to

. . . . Moment{My) Moment(Mz) Shear el
consider the bridge as a curved bridge for Composite e | ot |t | T T T T | e T TS
(in*kips) {in*kips} (in*kips} (in*kips) (in*kips} (in*kips) (kips) (kips) (kips)
» 2] LCBA(r 140.7937 58.4912 926544 -61.0510 -24.2211 26.1804 -57.1407 -39.6709 5.1320
DeSIgn' Radlus InpUtted here doesn t affeCt the deSIgn :—IQ] :ELCEH(:\ 140.7937 584812 -31.7870 -61.0510 242211 743615 -57 1407 -39.6709 -2.9091
H 1|21 LCB2(all 140.7937 58.4912 71.4340 -61.0510 -24.2211 -57.3646 -57.1407 -39.6709 -2.2442
fOrCeS (Iateral moment) due to Curvature. Deslgn forCeS 1 (2] :ELCBZ(; 140.7937 584812 714840 -61.0510 242211 20.1809 -57 1407 -39.6709 38580
. 1| 12] 3cLCB2(mi 140.7937 584912 -24.5214 -81.0510 -24.2211 -57.3648 -57.1407 -30.6709 -2.2442
are solely calculated from the analysis results. e T L T T L
1|21 ‘scLCB4(m 112.6349 446475 529511 -438.2408 -18.8071 14.9488 -457126 -30.0429 29326
1 (2] scLCB4(mi 112.6349 44 6475 -18 1640 -48 8408 -186071 -42 4923 -457126 -30.0429 16623
11121 ‘scLCBS(all 112.6349 446475 68.8364 -438.2408 -18.8071 -55.2400 -457126 -30.0429 -2.1810
. . 1[1[2] LCBS(r 112.6349 44 6475 B8 8364 -48 8408 -18 8071 19.4334 -457126 -30.0429 38123
Sel eCt aI I the Com pOS|te g I rderS . 1| J[253] :ZLCEﬂ[: 2920.8817 1962.8703 2047846 -45.6722 -4.6840 64.0978 -47.0089 -31.6730 5.1320
1 | J[253] 'scLCB1(mi 2920.8817 1962.8703 -208.6071 -458722 -4.8240 -251.8048 -47.0099 -31.6730 -2.9091
Check Both end parts{i &]} have the same 1[J[253] [ scLCB2(al 2920.6817 1962 8703 157 9767 456722 46840 1942485 -47.009% 316730 22442 JL]
~ type <[ |\ Design Force/Moment / Kl I+
q_—\Design Force/Moment, 3
Curved Bridge Info. > Girder Radius > 2040in Image 3-18. Design Force/Moment Table

Click Apoly |
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Step

03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

H. View Design Results H. View Design Results

Q Go to Design > 5=’ Composite Design > Design CH Span Checking...
Results Table

This table shows the most critical members in positive and

Design Results Table has the following results in tabular negative flexure for each span. The advantage is that, just by
format: &8 span checing.. looking at this table you can notice all the spans which are
CB| Total Checking... failing in any check.
%ﬁ Strength Limit State(Flexure)...
& Strength Limic State(Shea)... Records Activation Dialog > Choose the Spans as per Span
B service Limit State... ) .. e .
CH| Fatigue Limit State.. Information and the condition of Positive/Negative; Refer
%ﬁ Constructibility(Flexure ... tO |mage 3'1 9
%ﬁ Constructibility(Shear)...
g Sheafcg“"left;;--- The Span Checking Results Table is as shown in image 3-20.
Longitudinal Stiffener...

=¥ Total Checking...
U Go to Design > % Composite Design > & Print Result

This table summarizes all the check results for each and

Print Result option generates a detailed design report for every element in a single table.

the design positions which were selected in Positions for

Design Output. Detailed design report encompasses all the Records Activation Dialog > Choose the Elements, part of the
relevant clauses from AASHTO LRFD 2012 and all the elements and the condition of Positive/Negative for which
formulae used for the Composite Design. the Total Checking Results are to be viewed.;

Refer to image 3-21
Note: In this tutorial, the results in the Design Results Table

and the Design Report will be discussed simultaneously. The Span Checking Results Table is as shown in image 3-22.
Note: Any check which fails to satisfy the requisite condition

for Composite Design is in red and the CHECK is reported Note: Span Checking and the Total Checking results are not
to be NG(Not Good). available in the Design Report.
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03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

H. View Design Results

Positivel Strength Limit(Flexure) Strength Limit(Shear) Service Limit Fatigue Limit Constructibility(Flexure)
Span | /MNegati . Gamma(D . tow tef it
. ve Elem part Lcom Mu/Mr| CHK | Elem part Lcom VuVi  do bt it As | CHK| Elem part Lcom tcw Ratio| tcfRatio | tft Ratio | CHK| Elem part Lcom ena_.f} fcf Ratio | Vcf Ratio| CHK | Elem part | CS Ratio | Ratio | Ratio CHK
#  Records Activation Dialog M scLCB1 | 1.047 NG 102 | [112)] sclee1| 054 [oK ok ok [ok [oK 98| 11| sclCBS| 0.7477 | 05624 | 04424 [OK 98| [11][ scicee| o07221| o0.0000] 06035 [OK 98 | [11][CS2 [0.431 [0.928 [ 1.084 [NG
scLCB1 | 0.768 | 0K 102 | [112)| sclCB1| 0.54[0K |OK |OK |DK |OK 445 | J[118] | sclCBS -| 03338] o7392|0K 98| [11]| sclceB8| 07221| 0.0000] 06035 0K 445 | J[118] | €S2 [0.532 | 0.908 [ 0.722 [ OK
- ; scLCB1 | 0.806 | OK 393 | JE6]| sclCB1| 044[0K |OK |OK |DK | OK 304 | J[11]| sclCB5| 05816| 04488 03626 | OK 40| 17| sciced| 00017 00000 04317 [OK 394 | Jp11] | cs2 [0.360 [ 0673 [ 0.775 | OK
Element | PositiveMegative scLCB1 | 0.543 | OK 393 | JEE]| sclcB1| 044[0K [oK [oK [oOK |[OK 386 | J59]| sclCBS -| 02005] 05104 0K 40| | sclcBd| 00017 00000 04317 [OK 386 | J[59] | €52 [0.328 [0.520 | 0.441 | OK
. scLCB1 | 0.961 | OK 83| I10]| sclcB1| 063 [0K [OK [0K [oK [OK 83| I10]| sclCBS| 0.6637 | 0.5054 | 04028 [0OK 83| I10]| sclcB3| 05341| 00000 08110 0K 83| I[10]] CS2 [0.397 | 0.835 | 0.864 | OK
all ] MNone ] Inverse ] Prev [w Pos scLCB1 | 0.580 | OK 83| I10]] sclcBi| 063 [0K [OK [0K [oK [OK 430 [ J[103] | sclCBS -| 02607 0.5445[0K 83| I10]| sclcB3| 05341| 00000 08110 0K 430 [ J[103] [ €S2 [0.415 [ 0615 [0.514 [OK
[w Meq scLCB1 | 0.747 | OK 381 | Jpf0)| sclcB1| 056 0K [0K [OK [OK |[OK 361 | J[0]| sclCBS| 05436 04204 0.3406 |OK 27| 61| scicBe| 01233 | 00000 04221 [OK 381 | Jpt0] | €S2 [0.337 [0.622 | 0.715 | OK
]No _J r@ I scLCB1 | 0.400 | 0K 381 | Jpo)| sclest| 0560k [ok [ok [ok [oK 31| 46]| scicss -| oaers| 03718 (oK 27| ]| scicee| 0.1233| o.0000| 04221 (0K 373 | I283] | cs2 [0.263 [0.392 | 0.334 | 0K
— scLCB1 | 0.784 | OK 68| 9] sclCB1[ 053[0K |OK |OK |OK |OK 68| 9] sclcB5| 04935 03861 03166 0K 68| 91| sclcBs| 03320 00000 06790 [OK 68 | J[318] | CS2 [0.259 | 0.573 | 0.667 | OK
[ scLCB1 | 0.393 | OK 68| 91| sclcBi| 053[0K [oK [oK [oKk [oK 417 | [327] | sclCBS - 0ama] 036w [oK 68| 91| sclcBd| 03320 00000 06790 [OK 417 | [327] | €52 [0.277 | 0.444 [ 0.376 [ OK
scLCB1 | 0.533 | OK 368 | JE)| sclcB1| 048[0K [oK [oK [oK |[OK 368 | J[B]| sclCBS| 04435 0.3486 | 0.2888 | OK 14 51| sclcBa| 00006 00000 02716 0K 368 | I[278] | CS2 [0.237 [0.432 | 0.496 | OK
] _a_] Add scLCB1|0.280 | OK 368 | JE)| sclCB1| 048[0K [OK [OK [OK |OK 360 | I270] | sclCBS -| 07| o270 (oK 14 51| sclcBa| 000086 00000 02716 |OK 360 | I[270] | CS2 [0.186 [0.311 | 0.264 | OK
scLCB2 | 0.451 | OK 53| ]| scicB3| 031/0K [OK [OK [OK [OK 53| B]| sclcB5| 03023 02348 0.811 0K 53| B]| scicBa| 02762 0.0000| 0.3782 | OK 53 | J[305] | €S2 [0.159 | 0.389 [ 0.455 | OK
scLCB3 | 0.176 | 0K 53| 8| scics3| 031ok [ok ok [ok [ok 403 | JF5]| scicss -| ooess| 0.a703 oK 53| 8| scices| oz7ez| o.oo00| 03782 | oK 404 | [314] | cs2 [0.115 [ 0217 [0.182 0K
scLCB1 | 0.454 | OK 355 | J[B]| sclcB3| 036][0K |OK |OK |OK |OK 355 | J[B]| sclCBS| 03458 02751 02284 |OK 1] 12| scicBs| 00020 00000 0.1451|OK 355 | I265] | CS2 [0.192 [0.373 | 0.431 | OK
scLCB3 | 0.167 | OK 355 | J[B]| sclcB3| 036|0K |OK |OK |OK |OK 346 | J[22]| sclCBS -| 0o733] 01558 [0K 1] 12]| scices| 00020 00000 01451 |OK 347 | 257 | C52 [0.129 [ 0.198 [ 0.168 | OK
Image 3-20. Span Checking Results Table
K I Cancel
L y.
Image 3-19. Records Activation Dialog
Sositive Strength Strength Limit(Shear) Service Limit Fatigue Limit Constructibility (Flexure) Constructibilty(She
Elem part D:;:ﬁ & CHK ) . tow . i Gammal, . tow . . tdeck

r — = i Mufphibn| Lcom | Vudphivnl bt It Lcom Ratio tcf Ratio | tft Ratio Lcom Detta_f) Wer Ratiol CcS Ratio tcf Ratio| tft Ratio Ratio cs Vu/phivn

# " Records Activation Dialog M Lo
i - - - - 1 0.0060 | scLCB3 | 0.1337 oK 0K | scLCBS -| 0.0007 | 0.0068 | scLCBS | 0.0020 | 0.1451 C52 | 0.0008 | 0.0088 | 0.0072| 1.0824 C52 | 0.0808
Element |Part Mumber Positive Megative _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- 3| 0.0247 LCB3 | 0.1089 OK 0K LCBS - 0.0M33| 0.0213 LCBE | 0.0062 | 0.1191 C52 | 0.0M71 0.0210 | 0.0M87 | 2.8030 C52 | 0.0665

Al ] MNone ] Inverse ] prev | fi£Part i v Pos € € e
(v Part j (v Meg - - - - - - - - - - - - - - - - - - - -
Mo, 3| 0.0473 | 5cLCB3 | 0.0936 oK 0K | scLCBS -| 0.0245 | 0.0413 | scLCB8 | 0.0121 | 0.1057 C52 | 0.0322 | 0.0488 | 0.0428 | 6.409 CS2 | 0.0587
3| 0.0703 | scLCB3 | 0.0683 oK 0K | scLCBS -| 0.0336 | 0.0673 | scLCB3 | 0.0183 | 0.0797 C52 | 0.0435| 0.0769 | 00667 | 9.99%24 C52 | 0.0444
3| 0.0881 | scLCB3 | 0.0693 K 0K | scLCBS -| 0.0405| 00334 | scLCB3 | 0.0241 | 0.0746 C52 | 0.0529 | 0.0930| 0.0807 | 12.0894 C52| 0.0411
3| 0.0921 | scLCB3 | 0.0450 oK 0K | scLCBS -| 0.0466 | 0.0848 | =cLCB3 | 0.023% | 0.0485 C52 | 0.0604 | 0.0944 | 0.0826 | 12.3309 C52 | 0.0268
3| 0.1347 | scLCB3 | 0.0450 oK 0K | scLCBS -| 0.0674 | 01207 | scLCBS | 0.0304 | 0.0644 €52 | 01150 | 0.1524 | 0.1309 | 19.5321 Cs52| 0036
3| 0.1527 | scLCB3 | 0.0202 0K 0K | scLCBS -| 0.0717 | 01418 | scLCB3 | 0.0322 | 0.0286 CS2 | 01225 | 0.1712| 0.1464 | 21.8425 CS2| 0.0155
3| 0.1658 | scLCB3 | 0.0285 oK 0K | scLCBS -| 0.0734( 01511 | scLCBS | 0.0342 | 0.0324 C52| 0.1265| 0.1859 | 0.1584 | 23.6357 Cs2 | 00127
OK 1 Cancel = = = = = = = = = = = = = = = = = = = =
=4 13| 0.1551 | scLCB1 0.0M25 OK 0K | scLCBS -| 0.0747 | 0.1407 | scLCBS | 0.0267 | 0.02M1 C52 | 01280 | 01737 | 01489 | 222117 C52 | 0.0034
Image 3-21. Records Activation Dialog Image 3-22. Total Checking Results Table
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Steel Composite I-girder Design as per AASHTO LRFD 2012

H. View Design Results

Positive/Ne My Mp Mu phikin fou phiFn Dp 0.420t

[% Strength Limit State(FIexure) Elen | e gative | FSOM [ TvPe | CHK ) v vine)| din-kips)| Gin-kips)| din-kips)| tkipsin®)| kipsin|  any | am
346 | [256] Pos scLCB| - 0K - - B _[10.5535 | 68.3557 | 12,6431 | 35.4900

346 | J[22] Neg - - - = = = = -
This table shows the Check results for Strength Limit State e e I B L
p : 347 | 1257] P LCB|- oK - | 11.3462 | 68.3557 | 12.6431 | 35.4800
in flexure as per Article 6.10.6.2. e T - - - ! ! :
347 | 123] Pos sclCB |- oK - | 10.3108 | 65.3557 | 12.6431 | 35.4800
.. 348 | [258] Weg = - - - - - - - -
The Check Results Table for Strength Limit State(Flexure), 343 258 | Pos sclCB|- OK - - | 10.0635 | 68.3557 | 12.6431 | 35.4800
. .. 343 | J24] N - - N - N N N _ .
is as shown in Image 3-23. 348 | 1[24] P:sg sclcB | - oK - _[10.0088 | 68.3557 | 12.6431 | 35.4300
349 | I259] Neg - - . N N N N .
_ o _ . 349 | I259] Pos scLCB |- oK - | 9.0196 | 65.3557 | 12.6431 | 35.4900
The design report for Strength Limit State in Positive and ool fhes I I Y ) Y Y N
. . . . os BC - - - . B . X
Negative flexure is as shown in image 3-24. 3012600  [Weg |- |- |- - - - - - -
g g

350 | [260] Pos sclCB |- oK - _| 5.9060 | 65.3557 | 12.6431 | 35.4800

350 | J[26] Neg _ _ N . N N B B N
Where, 350 | J[26] Pos scLCB | MY-M | OK - | 46368 | 65.3557 | 12.6431 | 35.4800

. Image 3-23. Strength Limit State(Flexure) Results Table
My : yield moment

Mp : plastic moment

Mu : moment due to the factored loads

phiMn : nominal flexural resistance of a section multiplied by phi of
flexure

fbu : largest value of the compressive stress throughout the
unbraced length in the flange under condition, calculated without
consideration of flange lateral bending

phiFn : nominal flexure resistance of a flange

Dp :distance from the top of the concrete deck to the neutral axis of
the composite section at the plastic moment

Dt : total depth of the composite section
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Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

H. View Design Results

. "5.trength Li-mit- State - Flexural Resistam:e

. FAlexure

‘ Positive moement I

1) Desgn Forces and Stresses

Iv. Strength Limit State - Flexural Resistance
¥,

1.
II Megative moment I

1) Design Forces and Stresses

Losdcombination Mame :  scLCBL Loadcombination Mame @ |scLCBL
Loadcombination Type MY-MAX Leadcombination Type MZ-MIN
v " M, (lpsin) Wy T e M, (kipsin) Wy T
Cmponean : il en x . 4 S
it Steel ThonTong-term Mosr Shariderm S (ps) | (kipsin) P Sheel hieel Long-serm (Meah  Shart-term Sum fkps) | (Kipsin)
Forees § (+) 23950617 15E26.865 13374575 52552456 | -T7.268 [-3BE.313 Forees | {-) -E022E.247 -32572.063 ; -13011546 | -Be465256  375.E84 141034
5 = =) ’ 1 i)
it Sl Thise) " Lang-term (Mast Shari-erm Sum ik Steel M2y iLengderm (Mazh Shori-term Sum
Top -53.146 -1.358 -0.B01 -12.344 Top 14278 2154 2665 25101
Streszes 2 Strezzes
Baot 2477 4710 3738 16325 Baot -13.283 -B288 -3.183 -24.755
2} Cross-sechon Proportions 2) Cross-section Proporbons
(I Web Proporfions [AASHTO LRFD Bridge 2012, 610.2.1) @ Web Proportions {AASHTC LRFD Bridge 2012 6.10.2.1)
C
= 138.000 = 8300 @ —— 1t sn oK B = 232667 E 300 T e OK
ty tw
@ Flange Proportions (AASHTO LRFD: Bridge 2012, 6102 3) (@ Flange Proportions {AASHTO LRFD Bridge 2012 610232)
b,
= 4500 = 2 ——n————— OK by = 4.000 = e o e M e e e B e e [N oK
2t, at,
b = 16.000 = C/& = 1E500 | | | | | | | | ] || eeses OK by | = 13.000 x D6 = 11500
f | = 200 = 1it, |=| oss0| | | | | | | | | | | == oK P I 2500 = 11, | = | 0619
t - by’ % - by’ 4
he | =St =| 682667 int L = t‘cT = | 1666667 |jnt
t- by t - be’ L0 [
Iy | = i = 572000 in* Li | = T = 1215000 |jp*
= L S o L
0.1 H £ = | 0702 £ (2100 ————— ] s oK 0.1 5 —E_ - | 1372 2|00 ] OK
IJ-' Le
3} Flexural Strength Limit State in positive flexure & Minimum Megative Flexure Concrete Deck Reinforcement (AASHTO LRFD Bridge 2012 61017
= Section Classfication {AASHTO LRFD Bridge 2012, 61062} A. = 15.010 = 001Ag. = L1600 i | | | ] | | | | e oK
min { Fe, F) | = 70000 | fsi < 700 fiks| | | [ [ T T [ | | — oK in which -
A i 1 C"'.:. - 1
t':' - 132000 | = 7 J MR S N S S S A N S S N T S oK Augx | ALLIGOO0 fiy
2-Dy - o000 § 37 E; =| gBgg | by oK 3) Flexural Strength Limit State in negatve flexurs
tw 3 » Section Classification (AASHTO LRFD Bridge 2012 £.10.6.3)
in which - min { Fo Fr) 70.000 = 700 ki | | | | | | | | | [~ oK
Dyl = 0.000 |in
? _I'If_ = 137 | = oz | ——— 1+ o r e oK
g
¥E Moncompact section for Curved Bridge 2D, E.
_ = 121.753 = E7¥y— = 116018 11— reme MG
t, e
allbsid Focieo ML CAATLTO OO Naiden 0040 £and ana T | | | | L] ! P I Pt L P
75) | 3681 | Shear Connectors Longitudinal Stiffeners 750 | 3681 | Shear Connectors Longitudinal Stiffeners
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Image 3-24. Strength Limit State-Flexure Resistance Design Report
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03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

Image 3-26. Strength Limit State-Shear Resistance Design Report

H. View Design Results 9 .
i3 Strength Limit State(Shear)...

W Max

1) Dresign Forces and Stresses
Losdcombinstion Mame @ scLCBL
Loadcombination Type -  FZ-MIN

This table shows the Check results for Strength Limit State in Shear as per T = ; .
H Component ong-term hart-term um {k'u] {kap=n)
ArtICIe 6 1 063 Forces [+] :z::lc-.en Lisszt.ses i:-:l-;:.;:-s 45255.35:- -ss.zsez -33:251
i Top 8146 2338 0600 12143
eSS UG 5477 1710 3860 15887

The Check Results Table for Strength Limit State(Flexure), is as shown in N Y A A

Image 3'25 * Rstio of the shear-buckiing resistsnce to the shear yield strength, C (AASHTO LRFD Bridge 2012, €10533)
shear-buckling coefficient of stiffened Webs

The design report for Strength Limit State in Positive and Negative flexure is as P et
shown in image 3-26. 5 o
t_ = 138000 | * | 140 \."-— = 55000
tl‘*;re‘f:}re .
Where, e 27 | (EM, 0380
) F
Tt

Vu : shear due to the factored load

» Mominal Resistance of Stiffened interior W [AASHTO LRFD Bridge 2012, €108.3.2)

phiVn : nominal shear resistance multiplied by phi Vo | =| 058F,-D-t, |- | 1000500 [kps
. 0-t,
bt_lim1 : 2.0+(D/30) as per == ifS s i
— Vu phivn bt_lim1 bt_lim2 bt_lim3 bt tt_lim it
Eq. 6.10.11.1.2-1 Fem| pert | teem [ e | O] s [ e (n) (i) (i) ) ) | e
. . 20 [ J[272] sclCB1  |FZ-MAX | OK 924433 | 7083549 23000 | 240000 40000 50000 621816 |  62.5000
bt_l’mz . 16tp as per 21 |37 sclCB1 | FZ-MAX | OK 1119422 | 7083549 23000 | 240000 40000 50000 621816 |  62.5000
Eq 6 10 11 1 2_ 2 21 [J[273] sclCB1  [FZ-MAX |OK 1265699 | 703.3549 4.3000 24.0000 4.0000 5.0000 621316 62.5000 |
A 22 [138] sclCB1  |FZ-MAX | OK 151.0565 | 708.3549 43000 24.0000 4.0000 50000 | 621816 | 625000 |KPs | e oK
bt 1im3 : bf/4 as per 22 [ 1274 sclCB1  |FZ-MAX |OK 1656846 | 7083549 43000 240000 4.0000 50000 | 621816 | 62.5000 e 5 —
E_ 6 1 0 1 1 1 2_2 23 [ I139] sclCB1 |[FZ-MAX [oK 1867036 | 850.3163 43000 24.0000 45000 5.0000 62.1816 s25000| Longitudinal Stiffeners &
q. 6.710.71.7. 23 | J[275] sclCB1  |FZ-MAX | OK 2019425 | 8503163 23000 | 240000 5.0000 50000 621816 |  62.5000
. i i 24 | [40] sclCB1 | FZ-MAX | OK 2428536 | 8503163 43000 | 240000 5.0000 50000 621816 | 625000
bt : P ro;ected width of transverse 24 | I[276] sclCB1  |FZ-MAX |OK 7530030 | 8503163 23000 | 240000 5 0000 50000 621816 |  62.5000
stiffener as per Article 6.10.11.1.2 25 [ [21) sclCB1 |FZMAX |OK 2828914 | 8503163 43000  24.0000 5.0000 50000 621816 |  62.5000
. .. . . 25 | 127T] sclCB1 | FZ-MAX | OK 2981313 | 8503163 23000 | 240000 5.0000 50000 621816 |  62.5000
It_llm N /Imltlng moment of inertia 26 [142] sclCB1 |FZ-MAX | OK 3656245 | 850.3163 23000  24.0000 5.0000 50000 621816 |  62.5000
: 26 | J[278] sclCB1  |FZ-MAX | OK 380.8649 | 8503163 43000 | 240000 5 0000 50000 621816 | 625000
of transverse stiffener 27 18] sclCB1  |FZ-MIN | OK 2793709 | 8503163 23000 | 240000 5 0000 50000 621816 |  62.5000
[t : Moment Of Inertia Of tran sverse 27 [J279] sclLCB1 | FZ-MIN oK 2636937 | 850.3163 43000 24.0000 45000 5.0000 62.1816 62.5000
X X 28 | [43] sclCB1  |FZ-MIN | OK 2216682 | B50.3163 23000 | 240000 25000 50000 621816 |  62.5000
stiffener as per Article 6.10.11.1.3 28 [ J[280] sclCB1  |FZ-MIN | OK -205.9909 | 850.3163 4.3000 24.0000 45000 5.0000 52.1816 62.5000
29 | [44] sclCB1  |FZ-MIN | OK 1662912 | B50.3163 23000 | 240000 45000 50000| e21816| 625000 | L
29 | J[281] sclCB1  |FZ-MIN | OK 1506137 | B50.3163 23000 | 240000 45000 co00| e21sie | ezsonn| 'Mage 3-25. Strength Limit
30 | [45] sclCB1  |FZ-MIN | OK 1158761 | 850.3163 4.3000 24,0000 45000 5.0000 521816 62.5000 State(Shear) Results
30 | J[282] sclCB1  |FZ-MIN | OK -100.1984 | 8503163 43000 | 240000 45000 50000 621816 | 625000 Table
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03 Com p OSIte Glrder D eSIQ n Steel Composite I-girder Design as per AASHTO LRFD 2012

- - I 3.28 VL Service Limit State
H. VleW DeSlgn ReSUItS Smag.e L- It W Positive moment
ervice Lim 1) Design Forces and Stresses

State Destgn Loadcombination Name : scLCBS
g Report Loadcombination Type : MY-MAX
Service Limit State... — M, Gipsin) / ., (k)
Steel Long-term Short-term Sum
Forces (=) 19160.493 11961.549 9935.696 41057.738
H H H H Top -7.317 -1.835 -0.595 -0.747
This table shows the Check results for Service Limit State Stresses - — e g St
as per Article 6.10.4.2.
2) Permanent deformation (AASHTO LRFD Bridge, 2012, 6.10.4.2)
» Flange Lateral bending Stress (AASHTO LRFD Bridge, 2012, 6.10.1.6)
. . . . Because of discretely braced tension flange.
The Check Results Table for Service Limit State, is as B " s
. fi=—= a = : = 14252 ki
shown in image 3-27. S Y6 108000
fil = 14252 ES 06F; = 42000 ksi e oK
The design report for Service Limit State is as shown in + Compression Flange (AASHTO LRFD ridge, 2012, 610422
Image 3_28 = -9.747 ksi = 095R Fy = 64938 ksi e oK
s Tension Flange (AASHTO LRFD Bridge, 2012, 6.104.2.2)
Wh e fil = 20.290 ks = 0.95R: Fy = 64938 ksi oK
ere: in which :
f: = flange stress due to the Service T loads calculated without consideration of flange lateral bending
3 Fs = specified minimum yield strength of a flange (ksi)
fs : bending stress on web plate
ferw : bending stress limit on web plate : check stess of the concretedeck | _|_| | | | |
) Compact composite section in positive flexure utilized in shored construction
fcf : compression-flange stress = _ ; o6f; = 2700k | | | | || e oK
. ) tlem| part | PO com | Type |onk| . | Eom || B
fcf I’m : /Imltatlon Of Comp.-ﬂange StreSS Negative (kips/in*2)| (kipsfin*2) | (kipsiin*2)| (kipsfin"2)| (kips/in"2)| (kipsfin"2)
- . 7|24 |Pos scLCBS | MZ-MAX [ OK - | 42483[ 649380 [ 9.2078[ 649380[397.245 )-( 24380 ) ..o
fct : tension-flange stress TIpse] [Neg |- |- - : : - - - |zze7e ;) 7es 0
. T . , 7 [ J[2s8] [Pos SCLCBS | MZ-MAX | 0K - -| -3.9363[ 649380 | 7.8234| 649380 .,
fct_lim : limitation of tension-flange stress sl [N |- |- - - - - - - -
8|25 [Pos scLCBS | MY-MAX| OK - -| 3.4035| 649380 57738 64.9380
8 [ J[250] [MNeg - - - - - - - - - ; - —
B [J260] | Fos ScLCBS | MZ-MAX | 0K N _| 28223 | B49380| 54158 | B4g9aeg | NECLONS Longitudinal stiffeners )
9 | [26] Neg - - - - - - - - -
9[[26] [Pos =cLCBS | MZ-MAX | OK - -| 19799 s49380| 44322 49330
9 [ J[261] [Neg - - - = - N N - -
9 | J[=81] |Pos 5cLCB5 | MZ-MAX | OK - -| -1.0844| B49380| 29660 649380
10 [[27]  [Meg scLCB5 [MY-MIN |OK | -0.8659 | 284393 | -0.6659 | 652325 0.2531| 652325
1027 [Pos - - - - - - - - -
10 [ J[282] [Meg scLCBS [FZ-MAX |[OK | -1.9098 | 43.2549| -1.9088 | 652325 1.3056| 652325
10 [ J[262] |Pos - - - = - N N - -
11 [128]  [Meg scLCBS [MY-MIN [OK | -3.4142| 47.0683 | -3.4142| 652325 2.5675| 652325
Image 3-27. Service Limit 11[128  |Pos - - - - - - - - -
State Results Table 11 [ J[263] [Meg scLCH5 [MX-MIN_|OK | 51232 45.0565| 51232 | 652325 4.0280 | 652325
11 [ J[263] | Pos - - - = - N N - -
12 (28]  [Meg scLCHS [MY-MIN_[OK | 71501 48.9388 | 7.1501 | 652325 57304 | 652325
12 [[28] [Pos - - - - - - - - -
<[+ |\ service Limit State /
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Steel Composite I-girder Design as per AASHTO LRFD 2012

VIIL. Fatigue Limit State

Image 3-30. ‘
- - . . B Fatigue moment
H- ‘/lew Des'gn ReSUItS g?atltgeu[e)eLS,ZIn; 1) Design Forces and Stresses

Loadcombination Mame : scLCB3

Report M. (kips-in) / .. (ksi)
Component LCB
% . . . Steel Long-term Short-term sum
Fatlgue Limit State... Top(Tens.) - 19160493 | 11961549 -3211.178 | -3211.178
F Top(Comp.) - 0.000 0.000 0.000 0.000
Tt Tens ) - 5000 0000 60005600
H H H H Bot(Comp.) - 19160.493 11961.549 -3211178 ¢ -3211.178
This table shows the Check results for Fatigue Limit State >
. Top(Tens.) - -6.931 -1.686 0162 0.162
as per Article 6.10.5.1 and 6.10.5.3. Srocces | TORICOMD] 5006|6000 6000|0000
Bot(Tens.) - 0.000 0.000 0.000 0.000
Bot(Comp.) - 6.395 3.456 -0.868 -0.868
The Check Results Table for Fatigue Limit State, is as L ,
Loadcombination Mame - scLCBS
shown in image 3-29. component | Ve
Shear Force -69.626
The deSIQn report for Fatlgue lelt State IS aS Shown In 2) Load-Induced Fatigue (AASHTO LRFD Bridge, 2012, 6.6.1.2)
Image 3_30 The stress from unfactored DL = 9.851 ksi (- Compression)
) The stress from fatige LCB = -D.868 ksi
Check Load-Induced Fatigue. [The stress from unfactored DL is the tensile stress]
Where,
No Category (ADTT)s, umber of stress (n|
1 c 1000.000 1.000
Lcom - Load Comblnatlons Used n the Ca/CU/atlon (ADTT)SL( 100000 ) = Constant-Amplitude Fatigue Thresholds from Table 6.6.1.2.  745.00 )
Af) : Range of Fatigue Limit State
{L(\f)?r : Nomginal Fati %e Resistance en | et | o | o | G | e | | gesen | oese
- g 13 | J[265] 0K =cLCB8 20800 12.0000 | scLCBS 234 5721 5407591 |L.2.5-3 Constant-Amplitude Fatigue Thresholds
VU : maximum Shear elasﬁcity StreSS 14 5] 0K scLCBS 0.0067 12.0000 | scLCBS 14,5665 540.7591
14 | J[266] 0K 5CLCBS 0.4805 12.0000 | scLCB3 1343773 540.7591
onh web p/ate 15 [121] 0K scLCB8 0.9018 12.0000 | scLCBS 1136819 540.7591
i 15 [J267 0K scLCB 12049 12.0000 | scLCBS 01,4926 540.7591
vcr N Shear resistance Va/ue 16 | [32] 0K scLCB8 1.2489 12.0000 | scLCBE 83,5094 san7ser | (AF). = 12000 kst e 0K
16 | J[268] 0K 5cLCBB 16953 12.0000 | scLCBS 71,3199 540.7591 S ; =
17 [133] oK scLCB3 1.8952 12.0000 | scLCBS 56,8262 520 759 | ECtOrs Longitudinal Stiffeners &)
17 | J[269] 0K scLCBE 2.0860 12.0000 | scLCBS 446368 540.7591
18 | I[34] 0K 5CLCBS 29536 12.0000 | scLCB3 34.0574 379.7924
18 | J[270] 0K scLCB8 31488 12.0000 | scLCBS 22 3559 379.7924
19 [ I35] 0K scLCB 32597 12.0000 | scLCBS 354403 379.7924
19 [J271] 0K scLCBS 33914 12.0000 | scLCBS 47.1420 379.7924
20 [1[36] 0K 5cLCBB 34549 12.0000 | scLCBS 627343 379.7924
20 12721 oK scLCB 34877 12.0000 | ScLCBS 744353 3797924
21137 0K scLCBE 34368 12.0000 | scLCBS 902373 379.7924
21 [J2731 0K 5CLCBS 34418 12.0000 | scLCB3 1019395 379.7924
22 [1[38] 0K scLCB8 3.3679 12.0000 | scLCBS 1208755 379.7924
22 [JizT4l 0K scLCB 32798 12.0000 | scLCBS 132.6780 379.7924
23 139 0K scLCBS 23830 12.0000 | scLCBS 1498292 540.7591
23 [J2751 0K 5cLCBB 23155 12.0000 | scLCBS 162.0203 540.7591
= Tram o ceice 2 ozon 120000 ecicn 104 220 20 7eod
4 [ v [y Fatigue Limit State /

Image 3-29. Fatigue Limit State Results Table
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Steel Composite I-girder Design as per AASHTO LRFD 2012

H. View Design Results H. View Design Results

= Constructibility(Flexure)...

= Constructibility(Shear)...

This table shows the Constructibility Check results for

flexure as per Article 6.10.3.2. This table shows the Constructibility Check results for

shear as per Article 6.10.3.3.

The Constructibility Check Results Table for flexure, is

as shown in image 3-31. The Constructibility Check Results Table for shear, is

as shown in image 3-33.

The design report for Constructibility(Flexure) is as

shown in image 3-32. The design report for Constructibility(Shear) is as

shown in image 3-34.

Where, Where,

fbuw : bending stress on web plate

phiFcrw : bending stress limit on web plate

fbuc : compression-flange flexural stress

phifc : limitation of compression-flange flexural stress
fbut : tension-flange flexural stress

phift : limitation of tension -flange flexural stress
fdeck : concrete deck flexure elasticity

phifr : concrete deck flexure elasticity limit state

CS : most critical construction stage for shear before
composite action

Step : step in the most critical Construction stage
Vu : shear due to the factored load

phiVer : shear-buckling resistance multiplied by phi

Positive/Ne| fouw phiFcrw fbuc phiFc fout phift fdeck phifr

Elcnll| prat gative | LEOM & || == & (kipsin®2) (kips/in“2) (kips/in"2) (kipsin®2) (kips/in“2) (kips/in"2) (kips/in®2) (kips/in“2)

A Neg sclcB3  [Cs2 1 0K 57992 675756 103288 526658 11.8285 536653 02827 04582

12[Jpea |- = = = = = = = = = = = =

12 [J264] | Neg sclCB3 | Cs2 1 0K 7.9048 67.5756 148221 686658 17.0368 68,6658 0.3853 0.4582

13 [130] - - B B B - B . B - _ B _

13 1301 Neg scLCB3 | CS2 1 OK 102147 67.5756 20.1595 686658 23.3574 68,6658 0.4579 0.4582

13 [028E |- = = = = = = 5 = 5 5 = 5

13 [JE8E] | Neg sclCB3 | Cs2 1 oK 127711 675756 13,9160 686658 225486 536653 06226 04582

14151 = = = = = = = = = = = = =

14 [I5] Pos sclCB3 | Cs2 1 oK 0.0473 57.8753 1.0006 526858 0.8162 586652 ~0.0021 0.4582

14 [peEl |- E E E E E E - E - - E -

Image 3-31. 14 | J[266] Pos sclCB3  [csz 1 0K 1.5137 57.8753 1.5730 68.6658 1.4562 686658 -0.0686 0.4582
Constructibility (Flexure) 15 | 311 - - N - - - - - - - -
15 1311 Fos scLCB3 | Cs2 1 oK 2.8098 57.8753 48705 686658 42832 68,6658 0.1274 0.4582

Results Table <[ » [\ Constructibility(Flexure) f 1
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Steel Composite I-girder Design as per AASHTO LRFD 2012

H. View Design Results

VIL Constructibility
B Positive moment
1) Design Forces and Stresses
Censtruction Stage C52
Step : 1

T M. (k|p5-|n]. 1 £ (ks
Steel Section Only
Force (+] 28740.740
Stress Top -10.975
(] Bot 10.172

2) Check slenderness of web (AASHTO LRFD Bridge, 2012, £.10.6.2.3-1)

2-D. L
= 143541 = 57— = 116.018
t. Fs
in which :
D. = 33885 in

3) Discretely Braced Flanges in Compression (AASHTO LRFD Bridge, 2012, £.10.3.2.1)
= Web Load-Shedding Factor, Rb (AASHTO LRFD Bridge, 2012, 6.10.1.10.2)

In constructibility (AASHTO LRFD Bridge, 2012, 6.10.3.2.1)

Ry = 1.000

= Limiting Unbraced Length, Lp (AASHTO LRFD Bridge, 2012, 6.10.8.2.3)

E
L, =10+ . = 86292 in
in which :
r. = effective radius of gyration for lateral torsional buckling
by
D.t. = 4240 in
V120 1+ 17-“)
3 bete

» Moment Gradient Medifer, Cb (AASHTO LRFD Bridge, 2012, 6.10.8.2.3)
Caleulation of Stress (C6.4.10)

fa| = 10.025 ksi
fal = 10.975 ksi
75 368 1 Shear Connectors Longitudinal Stiffeners ()]

Image 3-32. Constructibility-Flexure Design Report

http://en.midasuser.com

Slender Web

Vu phiver

Elem part Lcom Cs Step CHK (kips) (kips)
407 | J[79] scLCB3 |Cs2 1 0K 45.0812 850.3163
408 | [318] scLCB3 | cs2 1 0K -256.2217 850.3163
408 | J[31] sclCB3 | Cs2 1 0K 2436682 850.3163
409 [[319] scLCB3 [CS2 1 0K -191.2078 850.3163
409 [J[82) scLCB3 |CS2 1 0K -178.6537 850.3163
410 | [320] scLCB3 | cs2 1 0K -162.3577 850.3163
| R T TR | 410 | Ji33] sclCB3 [ Cs2 1 oK -149.3030 850.3163
W Max 411 [321] sclCB3 | CS2 1 0K -125.1395 850.3163
1) Design Forces 411 [J[B4] scLCB3 |CS2 1 0K -112.5841 850.3163
Construction Stage C52 412 [ [322] scLCB3 |cs2 1 0K -100.4050 708.3549
Step - 1 412 | J[85] sclCB3 | Cs2 1 0K -88.5836 708.3549
- 413 [[323] scLCB3 [CS2 1 0K -79.0249 708.3549
Component Va (kfp“") 413 | J[88] sclCB3 | Cs2 1 oK 67.2028 708.3549

Steel Section Only « [+ [ Constructibility{Shear) /
Force 239518 lmage 3.33

Constructibility (Shear)

2) Shear requirement for webs (AASHTO LRFD Bridge, 2012, 6.10.3.3) Results Table

= Ratic of the shear-buckling resistance to the shear yield strength, C (AASHTO LRFD Bridge, 2012, £.10.9.3.2)
shear-buckling coefficient of stiffened Webs

5
k =5+ (EJZ = 7.939
D
i = 122667 = 140 \E—k = 95.000
t, Fru
therefore,
r
157 -
C =7-(E—k]: 0.480
D Fyne
(—

= Mominal Resistance of Stiffened interior Webs

V, = 0.58F,-D-t,= 1125563 kips
e 0.817 2.500
| e 4 . < 500
b -t + b - ty
therefore,
75 | 3681 | Shear Connectors Longitudinal Stiffeners ()

Image 3-34. Constructibility-Shear Design Report
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Step

03

Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

H. View Design Results

8 Shear Connector...

This table shows the Shear Connector Check results for
Fatigue Limit State and Strength Limit State as per
Article 6.10.10.2 and 6.10.10.4 respectively.

The Check Results Table for Shear Connector, is as
shown in image 3-35.

The design report for Shear Connector is as shown in
image 3-36.

Where,

H/D : Height to Diameter Ratio ( > 4.0)

(H/D)Ilim : Height to Diameter Ratio Limit Value(=4.0)

p : Pitch

p_lim1 : Pitch Limit Value ->nZI/(Vsr)

p_lim2 : Pitch Limit Value -> 4*d

s : shear connector spacing(Transverse Cross Section)

edge : distance of the top compression flange edge_lim (=1.0
in)

Cover : Value of Cover (> 2.0 in)

Penetration : The depth of penetration of the shear

IX. Shear Connertors /mage 3-30.
[ Eemen | E | Fatigue Limit
| Poston | ! ! State Design
There is ne Shear Cennector Information. Skip this check Report
[ Element | 368 |
| Paosition | | |
Loadcombination MName : scLCBS

1. Types (ASHTO LRFD Bridge Design Specifications, 2012, 6.10.10.1.1)
H

—_ = 8.000 = 4.000
d
in which
H = 7.000 in (height of stud)
d = 0.875 in (diameter of stud)

2. Pitch (AASHTO LRFD Bridge, 2012, 6.10.10.1.2)

1|Shear Fatigue Resistance (AASHTC LRFD Bridge, 2012, 6.10.10.2) l [mage 3-36. Shear Connector Design Report

connector(>2.0in)

n : number of shear connectors in each row transversely

n_Req : Total number of shear connectors required

(ADTDz | = 960
7. = 5§ _di - 4211 kips ' -
i which 1) Factored Shear Resistance of 2 single shear connector (AASHTO LRFD Bridge, 2012, 6.10.104.1)
: h Quew = 05A () E) - 38502 kips
d = 0.875 in (Diameter of stud) a - _ 36.079 kips
(ADTT)g. | = 1000000 (Article 3.6.1.4.2) . = ;
L Q= Min(Qae Qi) = 36078 kips
75 3681 | Shear Connectors Longitudinal Stiffener Q = 0.-Q = 30667 kips
- in which :
f | = 4500 ksi
E. | = 3644147 ksi
A, = 0601 in?
F. = 60.000 ksi
0, | = 0.850
2) Mominal Shear Force (Positive Flexure, AASHTO LRFD Bridge, 2012, 6.10.10.4.2)
- Neminal Shear Force
Py = 085 -b-t = 3824450 kips
Po = FoDb+ Fubuty + Fobute = 8590625 kips
- B, = min(Py, Py) = 3024450 kips
Pr. = FpDb,+ Fubply + Fobet, = 8590625 kips
Py| = 0458 -b,-t = 2077650 kips
. P, = min( Py, Pz} = 20778650 kips
Py = P +P, | = 3924450 - 2077650 = 6002.100 kips
Bl = 656.112 kips
P = VP - (F°] = 6037.835 kips
im aashisk
75) 3681 Shear Connectors Longitudinal Stiffeners -:{:-

Elem| part Leom | Type| CHK 'g"{::; (Hﬁ}]hm (iﬁ} pfi||l1n;1 (;} pfil.quz egng}e edﬁ;}hm CE:}er Pen?itl:?tmn n LT
11 | I[28] scLCBS | - oK 8.0000 4.0000 5.0000 40.1182 | 4.0000 3.5000 | 45825 1.0000 | 4.5000 4.5000 | 3.000 | 197.000
11 | J[263] |- - - - - - - - - - - - - - -
12 | [29] scLCBS | - oK 2.0000 4.0000 5.0000 327521 | 4.0000 3.5000 ( 45825 1.0000 | 4.5000 4.5000 | 3.000 | 197.000
12 [ J[264] |- - - - - - B B - - - - - - -
13 | [[30] scLCBS | - oK 8.0000 4.0000 5.0000 243975 | 4.0000 3.5000 | 45825 1.0000 | 4.5000 4.5000 | 3.000 | 197.000

12 L rsRer | -
<[ » |\, snear Connector / d

Image 3-35. Shear Connector Results Table

http://en.midasuser.com
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03 Composite Girder Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

H. View Design Results

X. Stiffeners
. Longitudinal Stiffeners
= Longitudinal Stiffener... Cemen =
. . . . 1) Lengitudinal Stiffeners (AASHTO LRFD Bridge, 2012, £.10.11.3)
This table shows the Check results for Longltudlnal Stiffener @ Projecting Width (AASHTO LRFD Bridge, 2012, 6.10.11.3.2)
as per Article 6.10.11.3. b = 5.000 = 048ty ; = 2mwoin oK
in which : ;

t, 2,000 in (thickness of lengitudinal stiffener)

In this tutorial, longitudinal stiffener is not entered. Once the o 5000 ks
user enters the longitudinal stiffener in Section Properties

@ Moment of Inertia and Radius of Gyration (AASHTO LRFD Bridge, 2012, 6.10.11.3)

dialog box, The design report for Longitudinal Stiffener is as - e s oty s oK
shown in image 3-38. s
016 dy- v 2=
ro= 3.402 : —FE = 158800 oK
Where, NORR)
in which :
. ) L : Moment of inertia of a longitudinal web stiffener (in%)
bl : Projected width r: Radius of gyration of 2 longitudinal web stiffener (in)
. L o . . dy = 90.000 in (transverse stiffener spacinig)
bl_lim : Limit of prqjected width . o] 0500 1n |hickness oF web)
I : Moment of inertia of cross-section B o= z6+1 = 2257
I_lim : Limit of moment of inertia of cross-section z - ﬂin%td':z.lc-.c- 1= 7sm
r: Turning Radius R = 2080000 in (Girder radius)

r_lim : Limit of turning radius
i . . . . 2) Flexural stress in the lengitudianl stiffeners (AASHTO LRFD Bridge, 2012, 6.10.11.3.1)
fs : Horizontal sz.‘lffeners f!exure elasticity N = 7775 s O -Re-F. - 48826 ks || o oK
phiRhFys : Horizontal stiffeners flexure elasticity in which
o = 1.000

75 3681 Shear Connectors Longitudinal Stiffeners

Image 3-38. Long. Stiffener Design Report
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04 Cross Frame Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

Cross Frame Design

Steel plate girder bridges make use of traditional cross-frame diaphragms to stabilize the compression flange of girders.
These braces are required during construction, especially during deck placement, to prevent lateral torsional buckling of
bridge girders. Girder buckling capacity is a function of cross-frame diaphragm spacing as well as strength and stiffness.

Bracings may be temporary or permanent. Most of them are required during wet concrete construction condition. Once
the concrete has hardened, the bracing is redundant. Also leaving the bracing in place means that they will take up loads
and thus have to be designed.

Midas Civil provides Steel design as per AASHTO-LRFD 2012(US). This feature can be used to design the steel bracings.

Design Steps:

A. Generate Load Combinations
B. Input Design Information
C. View Design Results

Note: Cross Frame Design is included in this tutorial only for completeness of Steel Composite | girder bridge design
using midas Civil. The input design parameters and the design results for Cross Frame Design are not discussed in
this tutorial. For any explanation you can refer to our online help manual or previous tutorials on steel design.

http://en.midasuser.com Midas Information Technology Co., Ltd.



04 Cross Fram e D GSIQ n Steel Composite I-girder Design as per AASHTO LRFD 2012

A. Generate Load Combinations

In this tutorial we will Auto Generate Load Combinations for Steel Design as per AASHTO

LRFD 2012.
DGO tO ReSUHZS > % Load Comb|nat|ons rAutqmatic Generation of Load Cembinations w
Option

Click  SteelDesign l | Rt e

Code Selection
(¥ Steel ¢ Concrete (T SR Steeld

Design Code : |aasHTo4RFD12 =

CI | Ck Auto Generation. .. |

-Manipulation of Construct ge Load Case -

Automatic Generation of Load Combinations > Design Code > AASHTO-LRFD 12 ;s;;h[d Ca:l ésc:f;fg
Automatic Generation of Load Combinations > Manipulations of CS Load Cases '
> Select {* C5Only Refer to image 4-1 Load Modifier : 1

- [lLoad Factors for Permanent Loads {Yp) -

. aK Load Factor for Setiement : J 1
CI I Ck g . . . . [~ Structural Plate Box Structures(Metal Box Culverts)
You can view the Auto generated load combinations as in image 4-2. ~Contion for Temperature

C||Ck Close . {” Deformation Check (" All Other Effects
I oK l Cancel

Load Combinations [ B = | Image 4-1. Auto Generation Load Combinations
Dialog Box
General Steel Design 1C0ncrebe Design 1 SR Design ] Composite Steel Girder Design
~Load Combination List Load Cases and Factors
No| Name | Active Type Description = LoadCase Factor =
HE Stren | Add Strength--1.75M[1]+1.25(cD)+1.25( » 1.7500
2|sLCB2 [Stren | Add Strength-ll:1.35M[1]+1.25(cD}+1.25 Dead Load 1.2500
3| sLCB3|Stren  [Add Strength-IV-1.50(cD)+1.50(cEL1)+1 DC2(CS) 1.2500
4]sLCB4 [Seni | Add Semvice-:1.00M[1]+1.00(cD)+1.00(c DW(CS) 1.5000
5|sLCBA [Senvi | Add Senvice-I-1.30M[1]+1.00(cD)+1.00( Tendon Se 1.0000
6|sLCB6 [Sevi | Add Senice-1:0.80M[1]+1.00(cD}+1.00( Creep Sec 0.5000 Image 4-2.
7| sLCB7 [Seni [ Add Senvice-V:1.00(cD)+1.00(cEL1)+1. Shrinkage 0.5000 Auto
8|sLCB8 |Semvi | Add Fatigue--1.50M[1] * Generated
9| sLCBY |Seni | Add Fatigue-I:0.75M[1] Load
* Combinations

http://en.midasuser.com Midas Information Technology Co., Ltd.




Step

04 Cross Frame Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

B. Input Design Information C. View Design Results

O Go to Design > & Steel Design > Design Code

Steel Design Code > AASHTO-LRFD12(US)

Steel Des|gn Code > Check [« alBesms/Girders are Laterally Braced
Click o |

OGo to Design > a8 Steel Design > [ Strength
Reduction Factor

Click _Updetesycoce |

Click o |

Note: You can manually enter the strength reduction factors
as well.

U Go to Design > a& Steel Design > & Modify Steel
Material

Material List > Select material ID 1

Steel Material Selection > Code > ASTMO09(S)
Steel Material Selection > Grade > A709-HPS70W
Click __Mesfr |

Click __ o= |

OGo to Design > & Steel Design > & Steel Code Check

Perform Steel Code Check.

“** End Writing Steel Code Checking Result to Table.”; this
message in the message window indicates the completion
of Steel Code Check. After the check is complete, a new
window, “AASHTO-LRFD12 Code Checking Result Dialog”
pops out automatically. Refer to image 4-3.

Code Checking Result Dialog > Sorted by > Property
Note: You can see that the check is NG (Not Good) for
Angle Section L8xL8x7/8. Thus this section will be changed.

[ 280 4] [ Angle sec, Laxax7/s

Code Checking Result Dialog > Select & o ¥ e i |
C||Ck Change. ..
Change Steel Properties Dialog > Click

Refer to image 4-4.
Select Laxaxt [ ok [# | - [ oee1 | 0.103 [2.0000]8.0000] 15.100

Click _ enoeaces |

Search Satisfied Section ”

[ 20 4] [ Angle sec, Laxax1
Select c'K| 0.961 | 0.103 | o | A709-HPS70W | 70.0000
C||Ck Update...

Update Changed Properties Dialog > Click

Click J

Analysis/design results will be deleted. Continue> Click
Cl | Ck Re-analysis
Click Re-check

Select all Changed Properties

Note: All the Steel Code Check Results are OK now. Refer
to image 4-5

http://en.midasuser.com
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04 Cross Frame Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

C. View Design Results

. . AASHTO-LRFD12 Code Checking Result Dialog | AASHTO-LRFD12 Code Checking Result Dialog |
Code Checking Result Dialog > Sorted by > Member O e
Code : AASHTO-LRFD12 Unit: kips , in Code : AASHTO-LRFD12 Unit: kips , in
Sorted by g:reor;:regy Change... | Update... ] Sorted by g:reor;:regy Change... | Update... ]
Note: You can select any member and check the design CH [ MEMB | SECT| sE Section CH [ MEMB | SECT| sE Section
: Klcom|sHr| L | maera | F Klcom|sHr| L | maera | F
reSUItS for It M7 3 End Diaphragm, W16X45 M7 3 End Diaphragm, W16X45
. 0245 | 0.205 O A?DB—HPSTDWl 70.0000 . 0245 | 0.205 O A?DB—HPSTDWl 70.0000
- . 280 4 Angle sec, LBX8X1 280 4 Angle sec, LEX8X1-1/8
For example: Select | oo o © i neor = e vz || [avveresron oo 2 [ osee | oo | | [amos ecrow [ 7000
Click  crapnic.. to see the graphic report. Refer to image
4-6.
Click Detail. to see the detailed report. Refer to
image 4-7.
Click  sumary.. | to see the summary of the design results
for the selected members. Refer to image 4-8.
Code Checking Result Dialog > Click >:| to see the Steel
Code Check Results table.
Code Checking Result Dialog > Click __ ce= : :
|~ Connect Model View View Resl Rl ] |~ Connect Model View View Result Ratio... ]
Select All Unselect All Re-calculation I S Select All Unselect All Re-calculation I S
.ChangeSteel Properties Dialog Graphic... Detail... Summary. .. ] Close Graphic... Detail... Summary. .. ] Close
it _q = fom T U::’m InTa Image 4-3. Steel Code Checking Result Image 4-5. Steel Code Checking Result
__ Openmcerie | w Y EECEE W o Dialog Before Section Update Dialog After Section Update
AEC2A) 5 [~ sameB1 |0 [ [~ sametft [0 0
& T [Csemesz [0 [0 Msametre [0 e
Limit Combined Ratio from ]D‘S to \1 Search Satisfied Section
Print All Properties
Section CHK %E LCB| coMm | sHR | H B | AREA
LEX8X1-1/8 oK = 1- 0.898 0.082 |8.0000| 8.0000| 16.200 Image 4-4
L8X8X1 OK || 1- | 0.993 | 0.103 | %.000| 8.000| 15.100 Change
Section
Properties
Dialog Box
Sorted by “H B (v Area Change & Close Close Change

http://en.midasuser.com Midas Information Technology Co., Ltd.




04 Cross Frame Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

C. View Design Results

1. Design Information R i MIDAS/Civil - Steel Code Checking [ RASHTO-LRFDLZ | Version £.3.1
Design Code AASHTO-LRFD12 E\ﬂ:
Unit System : kips, in
Memt_'EFNu " é ¥ { ). Compute magnified moments.
WMaterizl $ATOS-HPSTOW (No:1) H . -. Muy = Bly*My(DL+LL) + B2y*My(WL(EL)) = -317.94 in-kips.
(Fy = 70.0000, Es = 29000.0) = -. Muz = Blz*Mz(DL+LL) + BZz*Mz (WL(EL)) = -21.13 in-¥ips.
Sedtion Name : End Diaphragm (No:3) e
(Rolled : W16X45) o
Member Length  : 957007 L) [[[*11] CHECK RXIRL STRENGTH.
2 Member Forces e 330m0n { ). Check slenderness ratic of axial tension member (l/r).
Axinl Foroe Fac— 340113 (LGB 1., POS.) Ton F vk 052500 [ RASHTO-LRFD12 Specification 6.8.4 ]
setF Tk 05850 -. r = 1.0 < 200.0 ---> O.K.
Bending Moments My =-894563, Mz =-21.128
am sssaso
End Moments. Myi=-448.89, My =-317.94 (for Lb) e o= eass { ). Calculate axial tensile strength (phiPn).
Myi = —448.89, My] =-317.94 (for Ly) i T aeemes [ ARSHTO-IRFD12 Specification 6.8.2.1-1 ]
MEi = 15,3959, Mej=-21.128 (for Lz) S 727000 == o300 -. Resistance factor for tension : phi = 0.85
Shear Foroes Fyy = 045588 (LCB: 3, POBH) s T -. chifn = Dhi*Fy*hg = £884.45 kips.
Fzz =14.2319 (LCB: 1+, POS.) { }. Check ratic of axial strength (Pu/phiPn).
. Fu 34.91
3. Design Parameters -. = = 0.03% < 1.000 ---> O.K.
Unbraced Lengths Ly =957907, Lz =95.7807, Lb =957907 phiFn 884.45
Effective Length Fadors Ky = 100, Kz = 1.00
Mement Factor/ Bending Cosficient [[[*]11] CHECK SECTICN PROPCRIICN LIMITS
Cry = 100, Cre= 100, Cb = 100
4. Checking Results
Slendernass Ratio { ). Check Web Proporticns (AASHIO-LRFDI12 Egq.6.10.2.1.1-1)
Kuir = 574 <1200 (Memb:120, LCB: 1=} oK Limit Value - 150
Axial Strength Image 4-6. -. D/tw = 43.39 < Limit Value ---> O.K.
PulphiPn = 34.911/884.450 = 0.039 < 1.000 oK Graphic Steel
Bending Strength Code Check { ). Check Flange Proportions (RR5SHTC-LRFD12 Eg.6.10.2.2-1)
Muy/phiMny = 945.63/4664.32 =0.203 < 1.000 ...ccccoivnininniniinieninininn oK R _ _
Muz/philinz = 21.128/799.816 = 0.026 < 1.000 ccceeeeerierererererrerereresisininns oK eport - bEj2eE = 6.23 < 12.00 ---> OC.K.
Image 4-7. Detailed Steel Code Check Report
MIDAS/Civil - Steel Code Checking [ AZSHTO-LEFD1Z ] Version 8.3.1
* ,PROJECT
* UNIT SYSTEM : kips, in
[ ARSHTO-LRFD12 ] CODE CHECKING SUMMARY SHEET --- SELECTED MEMBERS IN RNALYSIS MODEL.
MEMB SECT Section Len Ly Cb Ky Bly B2y Pu Muy Muz
CHE COoM SHR Material Fy LCB iN+] Lz Kz Blz B2z pEFn pMny pMnz
117 3 End Diaphragm, W16xX45 95.7307 95.7907 1.00 1.00 1.00 1.00 34.9113 -945.83 -21.128
O 0.25 0.21 Z709-HPS~ 70.0000 1- 95.7%07 95.7907 1.00 1.00 1.00 284.450 4664.32 799.816

Image 4-8. Steel Code Check Summary Report

http://en.midasuser.com Midas Information Technology Co., Ltd.



05 Pier & Pier Table Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

Pier & Pier Table Design

Traditionally, piers have been designed using conventional methods of strength of materials regardless of member
dimensions. In this approach, it is assumed that longitudinal strains vary linearly over the depth of the member and the
shear distribution remains uniform. Furthermore, separate designs are carried out for V, and M, at different locations
along the member.

In midas Civil as well, all pier components, regardless of dimensions, can be designed in accordance with the
conventional strength of materials assumptions described above. This approach is currently standard engineering
practice. Pier table components can be designed as simple beams in midas Civil.

Design Steps:

A. Generate Load Combinations
B. Input Design Information
C. View Design Results

Note: Pier & Pier Table Design is included in this tutorial only for completeness of Steel Composite | girder bridge
design using midas Civil. The input design parameters and the design results for Pier & Pier Table are not discussed
in this tutorial. For any explanation you can refer to our online help manual or previous tutorials on concrete design.

http://en.midasuser.com Midas Information Technology Co., Ltd.



05

Pier & Pier Table Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

A. Generate Load Combinations

. . . . . . f Automatic Generation of Load Combinations M1
In this tutorial we will Auto Generate Load Combinations for Concrete Design as per Opton
AASHTO LRFD 2012. | T DRk
Code Selection 1
{ Steel F Congete {7 SRC {7 Stesl Composite
OGo to Results > L% Load Combinations besncode:  [msmowon o] ||
-Manipulation of Constructi ge Load Case - 1
. " ST Only + i :  5T+CS
CI I Ck EEEE L l ST : Static Load Case CS : Construction Stage
CI i Ck Auto Generation. .. | -~ Consider Losses for Prestress Load Cases

Automatic Generation of Load Combinations > Design Code > AASHTO-LRFD 12
Automatic Generation of Load Combinations > Manipulations of CS Load Cases > Select
@ csorly Refer to image 5-1

Load Modifier :
= ElLoad Factors for Permanent Loads (rp)

Load Factor for Setdement : | 1
[~ structural Plate Box Structures(Metal Box Culverts)

~Condition for Temperature -
{ Deformation Check

Click — 2 |
You can view the Auto generated load combinations as in image 5-2.
Click —_de= |

& ol Other Effects

I OK I Cancel |

Image 5-1. Auto Generation Load Combinations

Dialog Box
(LDad Combinations |__E—Z§ |
General ] Steel Design  Concrete Design JSRC Design] Composite Steel Girder Design
~Load Combination List - - Load Cases and Factors
No| Name | Active | Type| E Description b LoadCase Factor o
AE Stren |Ad |[ | Strength--1.75M[1]+1.25(cD)+1.25( » 1.7500
2|cLCB2 |Stren |Ad |T | Strength-ll:1.36M[1]+1.25(cD)+1.25( Dead Load 1.2500
3|cLCB3 |Stren |Ad |[ | Strength-V:1.50(cD)+1.60{cEL1)+1. DC2(CS) 1.2500
4|cLcB4 [Seni [Ad T |Serice:1.00M[1]+1.00{cD}+1.00(c DW(CS) 1.5000
5|clCB5 |Semi  |Ad |T | Servicedl1.30M[1]+1.00(cD}+1.00(c * Image 5-2
6|cLCB6 |Seni |Ad |T | Servicell:0.80M[1]+1.00(cD)+1.00( Auto
7| cLCB7 |Semni Ad [ | Service-V:1.00(cD)+1.00(cEL1)+1.0
8|cLCBS |Seni  |Ad | | Fatigue--1.50M[1] Generated
9|cLCBY |Seni  |Ad | T | Fatigue-l-0.75M] Load
= r Combinations

http://en.midasuser.com
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Step

B. Input Design Information

Pier & Pier Table Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

U Go to Design > RC Design > Design Code

Concrete Design Code > AASHTO-LRFD12(US)
Concrete DeSlgn COde > CheCk ¥ Apply Spedal Provisions for Seismic Design
Concrete Design Code > Select « seismic zone 3

Click =

O Go to Design > RC Design > B Strength Reduction
Factor

Click ~_usstesycoce |
Click =« |
Note: You can manually enter the strength reduction
factors as well.

U Go to Design > RC Design > Modify Concrete
Material

Mame | feJfikR | chk | Lambda

Material List > Select material ID 2 5 e, ——en|_ax [
Concrete Material Selection > Code > ASTM(RC)

Concrete Material Selection > Grade > C4500

Rebar Selection > Code > ASTM(RC)

Rebar Selection > Grade of Main Rebar > 60

Rebar Selection > Grade of Sub Rebar > 50

Click __wesn

Click __c= |

O Go to Design > RC Design > [8f Limiting Maximum
Rebar Ratio

Click i |

QGo to Design > RC Design > Beam Section Data
for Design

Section List > Select section ID 5 |2 |teme

5 P1C

Stirrup Data > Size > #10
Stirrup Data > Number > 5
Stirrup Data > Dt > 2in
Stirrup Data > Db > 2in Refer to image 5-3.
Cl | Ck AddReplace

Click —==

U Go to Design > RC Design > Concrete Code Design >
Beam Design

“*** Finished Writing RC Beam Design Result to Table.”; this
message in the message window indicates the completion of
RC Beam (Pier Table) Design. After the design is complete,
a new window, “AASHTO-LRFD12 RC-Beam Design Result
Dialog” pops out automatically. Refer to image 5-4.

http://en.midasuser.com

Midas Information Technology Co., Ltd.



05 Pier & Pier Table Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

C. View Design Results
Fig : Pier & Pier Table Model View

AASHTO-LRFD12 RC-Beam Design Resul.Jocu =) Iy [-4_ Pier Tabl |_|' || | || | |
Note: All the Pier Table DeSign Results are Code : AASHTO-LRFD12 Unit: kips , in ler lable B
OK. Refer to image 5-4 Soredby (Lo B
MEMB Section fc | Pier B
. . = = — —_
RC Beam Design Result Dialog > Sorted by > R sk
pan bf hf fys |
SeleCt {* Member 0 P1_C 450000 | | | OK
5 [~ | 60.00| &0.00 | 60.0000 ] oK L=y
39.120 0.000 | 0.000| S0.0000 J oK -
Note: You can select any member and check oo Secton Dete b PR -
the design results for it. et ]
For example: Select _ =17 PIC__ | 450000 | 1 | =T ,
5 [v | 60.00 | 60.00 | 60.0000 | W oK
89.907 0.000 | 0.000 | S0.0000 J 0K
Click  crsphic... | to see the graphic report.
Refer to image 5-5. .
Click petal.. | to see the detailed report. 7l : sectonat - . éﬁ,,upsﬁja__] _—
Refer to image 5-6. e e e ol ] e
. Bl nselec e-calculation 4 |Hec |80 o 3 - -
Click  summary... | to see the summary of the aaphic.._| sumary... | smmanoyic s | T m T I e
design results for the selected members. Detai._[[D:\0ffee norkAASHTO comp desionit .. | He [ SEAD ; e [ o
Refer tO ima 5 7 ~Option for Detail Print Position 1 L e AL lnj— : Rurnber ,2—‘
ge =l ¥ Endl. [T ™id. [T EndJ Close b—Be - TR )
RC Beam Design Result Dialog > Click == |to lmag;ff—)&;s%enagijggctgngata ' - [AddRepace | beete | cance |
see the Pier Table Design Results table.

Image 5-4. RC-Beam Design Result Dialog Box

RC Beam Design Result Dialog > Click o= |

http://en.midasuser.com Midas Information Technology Co., Ltd.




05 Pier & Pier Table Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

MIDAS/Civil - RC-Beam Design [ AASHTO-LRFD12 ] civil 2014 |

C. View Design Results

1. Design Information { ). Check moment capacity.

_ -.C = 1.1602 in.
Member Mumber : 317 —. Cc 219 _66 kipS.
Design Code : AASHTO-LRFDA12 -. Ts = 221.58 kips.
Unit System  kips, in -. Hr = 11417 .95 kips-in.
-. Hu/Hr = a.a88 ---> O0.K *
Material Data : fe=4.5, fy =60, fys=2350ksi

Beam Span : 89,9048 in

[[[*]1]1] ANALYZE SHEAR CAPACITY.
Secdtion Property : P1_C (No: 3}
2 Section Diagram ( ). Compute shear parameter.
-.phi = 0.98
Ere P Eroa -. Au = 6.3588 in"2.
-. bu = 68.80 in.
= = = - dv = HMAX[ dv, 0.9%d, B.72%Hc ] = 57.27 in.
—-. theta = A44%.13 Deg. [Clause 5.8.3.4.2]
-. beta = 1.13
(=] o (=]
o o o
( ). Compute shear strength of concrete.
-. Uu = 639.92 kips.
-. Uc = B.0316*beta*SQRT[fc’ J*xbuxdv = 268.69 kips.
== == == -. phiVc = phi = Uc = 234.62 kips.
i } d i | i } -. Un_lim = 8.25x%fc’*buxdu = 3866.06 kips.
TOP :11.088 maZ TOP :0.2703 In"2 TOP (20010 mAZ ( )_ compute Stil‘t‘up Spacing.
BOT RS T ECT:Iiz8 T BOT:TSSIE 2 -. Hazximum spacing smax = MIN[ @.8=dv, 24 in ] = 24.888 in.
ETIRRUPE : 50210 24" BTIRFLIPS : 50210 24" ETIRFLIFS : 50210 g&2a" -. Uu > phiUC -2 Required shear reinforcement.
—-. Calculate spacing s1 = (phi*Au*fys*du=cot(theta)) / (Vu-phivc) = 41,631 in.
Image 5-5. Graphic RC Beam Design Report —-. Applied spacing s = MIN[ smax, s1 ] = 24.800 in.
( ). Compute shear strength of reinforcement.
-. Us = Auxfysx*duxcot(theta) / s = 781.15 kips.
e Vs 1im = B.25xfc’=buxdv - Uc = 3685.36 kips.
[ AASHTO-LRFD12 ] RC-BEAM DESIGN SUMMARY SHEET --- SELECTED MEMBERS IN ANALYSIS HODEL. = MIN[ Us, Us_lin ] = 781.15 kips.
s = phixUs = 783.83 kips.
Image 5-6. Detailed RC Beam Design Report
*=_MEHMB = 317, SECT = 5 (P1_C, SB), Span = §9.9068
*_Bc = 68.888, Hc = 6@8.888
*_fc = 4. 50800, fy = 60.0808, fys = 50.0000
POS CHK | H-Mu { LCB)} AsTop | P-Hu { LCB) AsBot | Uu { LCB) Av Tu { LCB}) st Stirrups
1 DK | 82951.5 ( 1-) 11.688 | 0.08888 ( A1+) 3I.6916 | 639.919 ( 1-) 3.1750 23117.9 { 1+) 16.985 5.6-#18 @24"
H 0K | 18723.2 ( 1-) 6.2783 | 9101.32 ( 1+) 3.8126 | 631,139 ( 1-) 31750 23117.9 { 1+) 13.749 5.0-#18 @24"
J DK | 9-860608 ( 1+) 3.6916 | 22715.3 ( 1+) 7.5596 | 610.883 ( 1-) 3_1750 23117.9 { 1+) 15.702 5_06-#10 @24"

Image 5-7. RC Beam Design Summary Report
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Step

05 Pier & Pier Table Design

Steel Composite I-girder Design as per AASHTO LRFD 2012

B_ Input Design Information AASHTO-LRFD12 RC-Column Design Re. i et
. Code : AASHTOARFD12 Unit: kips , in lmage 5-8. RC Column
Select all the pier members. Sy M Design Result Dialog Box
MEMH SEL| Section f.c 2 CHK
U Go to Design > RC Design > Concrete Code Design > = e
ol Column Design s || ¥ 72000 | so0000| O
“*** Finished Writing RC Column Design Result to Table.”; this
message in the message window indicates the completion of
RC Column (Pier) Design. After the design is complete, a new
window, “AASHTO-LRFD12 RC-Column Design Result
Dialog” pops out automatically. Refer to image 5-8.
C. View Design Results Image 5-9. PM Interaction
Curve Dialog Box
Note: All the Pier Design Results are OK. Refer to image 5-8 L L P-Minteraction Curve Dinlog =
[~ Connect Model View
. . Select All Unselect Al s ol
Graphic, Detail and Summary Report can be generated for RC Sraphic.._ | _Summary... Member [ EEER ~|
column members similar to the RC beam members. m'”ﬁ* B secton T s
raw Urve. ., 5 = 41,2240
. . PM Curve Result :
RC Column Design Result Dialog > Sorted by N promc- 107536
Pu = 2889.12
> Select * Member Pr=  64%.16
Rat-P = 0.4475
Mc = 482727
Note: You can select any member and check the PM Curve for it. =
335 4.50000 | s0.0000 Jdd? iaattr‘;: E:;:
For example: Select | & | | *' [e2s0 | sooo00| ™ ,,/"l“\\ Eceenticty:

. L T cfPu = 1
Click _ orawevare.. | to see the PM Curve for member 335. e e
Refer to image 5-9. / " N

M M Print Result
PM Interaction Curve Dialog > Click oo | Cose ]

RC Beam Design Result Dialog > Click _ ce=
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