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01 Overview

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

Bridge Specifications

This tutorial demonstrates the modeling Bridge Type : 3-Span Steel Composite Tub girder bridge
and design Capabi”ties of midas Civil for a Number of main girder . 2, Steel ComDOSite Tub girder
steel composite tub girder straight bridge. Unbraced length : 2507

Longitudinal stiffener : 12 #10
Design of cross frames’ pier and pier table Transverse stiffener: Two Flat stiffeners 36 ksi 5’-pitCh 6.5,-H, 0.5B
is not included in this tutorial. Please refer Shear Connector : Category C’ 4 Shear Connectors at 8” spacing
to “Curved Steel Composite |-Girder Bridge CS Analysis : Yes
Design tutorial” for the design of these Time Dependent Material : Yes. Creep/Shrinkage and Compressive Strength
members.

Material Properties
Unless otherwise specified, the
considerations comply with AASHTO Structural Steel
LRFD 2012 Bridge Design Specification 6t" Web & Flange: ASTM09(S), A53
Edition (US).

Concrete
Pier & Pier Table :fc’ = 3.0ksi, ASTM(RC), Grade C3000
Deck : fc’ = 4.0ksi, ASTM(RC), Grade C4000

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

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

Bridge Specifications

Fig 1: Overview

Span 2 Span

\
3 Fig 3: Transverse side View

Fig 2: Longitudinal Side View
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Step

01

Overview

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

Cross Sections

Section 1# Name Size Type

1 G1(G1-1, G1-2, G1-3) Refer to the below picture Composite Steel-Tub

2 G2 (G2-1, G2-2) Refer to the below picture Composite Steel-Tub

3 Cross Beam 1 59” x 11" x 0.47” x 0.47” Database I-Section

4 Stringer 1 39" x 11.8” x 0.39” x 0.39” Database I-Section

5 Pier Table 1 118" x 118” & 59” x 118” User-defined Tapered Solid Rectangle
6 Pier Table 2 118" x 118” User-defined Solid Rectangle

7 Column R98” User-defined Solid Round

Tub Girder Cross Section Locations of Girder Sections

‘ beff= 243.0"

"L(

[

G1-1 Gl-2 G1-3

120"

i

G2-1 G2-2

~ ts=9.
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. * p - —

N\ /)T‘ 250

’i \ ~——1"x 16" Flange — / L
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\
\ h\
\ \

N

4

4"

78.00
A
\L_
L
-

1300 | 2000 | 1500 |

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 CTC as ‘0’ if the cross
beams have been modeled to consider the lateral stiffness, i.e. this option is not to
be used for lateral stiffness consideration if the cross beams have been modeled.

1" Lﬁ 5/8" Bottom Flange J "
A 17

83"
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Step

01 Overview

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

Loads

Load Groups
DL(BC) :
Self Weight before the girder and deck are composite
DL(AC) :
Self Weight after the girder and deck are composite
DL(AC)-DC :
Dead load of components and attachments acting on the long term composite section
DL(AC)-DW :
Dead load of wearing surfaces and utilities acting on the long term composite section

+ Selfweight of concrete slab: selfweight of concrete slab is defined manually in the program. The weight density in the material property is
defined as zero in order to prevent the program from automatically calculating the selfwelght of the concrete slab. The welght of the concrete
slab is manually calculated and applied as uniformly distributed beam load as: w = 0.15 /fts X 20.25ft X .791667ft = 2.4 /ft

» Weight of components and attachments is applied as 0.8 kips/ft.

» Weight of wearing surfaces and utilities is applied as 0.5 kips/ft.

Load Case Load Group Load Type Remarks
DL(BC) Selfweight of the column & pier
Selfweight of the steel girder
DL(BC)1 & wet concrete on SG1-1
DL(BC) DL(BC)2 Dead Load (D) Selfweight of wet concrete on SG1-2
& hardened deck on SG1-1
DL(BC)3 Selfweight of wet concrete on SG1-3

& hardened concrete on SG1-2
DL(AC)-DC DL(AC)-DC Dead Load of Component and Attachments (DC) -
DL(AC)-DW | DL(AC)-DW Dead Load of Wearing Surfaces and Utilities (DW) | -

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




Step

01 Overview

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

Boundary Conditions

Support :
Fix support at the bottom of the column
Pin and roller supports at the end of the bridge spans

Elastic Link 1 :
Elastic link between the piers and pier tables

Elastic Link 2 :
Elastic link between the pier tables and

Elastic L
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Step

01 Overview

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

Construction Stages

CS1:

Supports, columns, and piers are installed
CS2:

Steel girders are installed for all three spans. Concrete is poured on Section G1-1 (non-composite).
CS3:

Concrete is poured on Section G2-1 and G1-2 (non-composite). G1-1 deck is activated.
CS4:

Concrete is poured on Section G2-2 and G1-3 (non-composite). G2-1 and G1-2 decks are activated.
CS5:

Additional components, attachments, wearing surfaces and utilities are installed.

Locations of Girder Sections

G1-1 Gl-2 G1-3
Gz2-1 G2-2
— ﬁ
250
L
| 1500 | 2000 | 1300 |
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02 Startlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

On the top left corner of the program window,
Open a new file ([ New Project) and save (g Save) the file as “Tub Steel Plate Composite”

Go to Setting > Unit System > Tools b
Length > in —Length | Force (Mass) - ~Heat - !
Force (Mass) > kips (kips/g) C'm TN (k) el
Temperature > Fahrenheit " am W (ton) £ keal
: "
Click [OK] - af Go) -
" tonf (ton)
CRO | e @) L
* in * kips (kips/q) {+ Btu
—Temperature
(" Celsius ¥ Fahrenheit
Mote : Selected units are displayed in relevant
dialog boxes, Values are NOT changed with
Hnits.
[ Set/Change Default Unit System
I Ok I Apply Cancel
Unit System Dialog Box

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




Step

02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

* Define Material Properties

Go to Properties > Section Properties

Properties Dialog Box > under [Material] tab > click [Add...]
(1) General > Name > A53

A. Define Material Properties

(2) Elasticity Data > Type of Design > Steel

(3) Elasticity Data > Steel > Standard > ASTMO09(S)
Elasticity Data > Steel > DB > A53

(4) click > [OK]

Properties Dialog Box > under Material tab > click [Add...]
General > Name > Grade C4000

Elasticity Data > Type of Design > Concrete

Elasticity Data > Concrete > Standard > ASTM(RC)
Elasticity Data > Concrete > DB > Grade C4000
Elasticity Data > Concrete > Standard > None

Elasticity Data > Concrete > Weight Density: 0 k/ft3

click > [OK]

Properties Dialog Box > under Material tab >

from the list of materials defined > Select Grade C4000 > Click [Copy]
Select copied Grade C4000 > Click [Modify...]

General > Name > Grade C3000

Elasticity Data > Concrete > Standard > ASTM(RC)

Elasticity Data > Concrete > DB > Grade C3000

click > [OK]

Properties Dialog Box > under Material tab > click [Add...]
General > Name > Composite

Elasticity Data > Type of Design > SRC

Elasticity Data > Steel > Standard > ASTM09(S) / DB > A53

Elasticity Data > Concrete > Standard > ASTM(RC) / DB > Grade C4000

click > [OK] > Properties Dialog Box > Click > [Close]

Material Data |__E|
-General
Material ID 1 Name AS53
Elasticity Data -
Type of Design g
Standard || ASTMOS(S) Ll
DB AS53 ve
' Cancrete
Standard | J
. - DE | ~|
Steel
Modulus of Elasticity : 4.1760e+H006  |kips/ft2
Poisson's Ratio J—Cr?
Thermal Coefficent : 1.1700e-005 1[C]
Weight Density 0,4508 kips/ft?
[ Use Mass Density: 0.01525 kips/ft3fg
; Concrete
Modulus of Elasticity : 0.0000e+000  |ipe/fe
Poisson's Ratio ’—'3‘
Thermal Coefficent : 0.0000e-+000 4[]
Weight Density [ 0 kpyee
I e [0 kg
Plasticity Data
Plastic Material Name  [NONE =l
-Thermal Transfer
Spedific Heat 0 Btujkips[C]
Heat Conduction 2 0 Biu/ft-hr-[C]
Damping Ratio - r
ITI Cancel Apply

Material Data Dialog Box
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Step

02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

DB/User | Value | SRC | Cgaalined | PSC | Tapered Composite |
Section ID rne |5'3':ﬁ'3|'l'31-1

Section Type : ISteeI—Tub j
Slab Width | 243 in

I.I: Girder ;: Mum ’E EgE: |0 in

Section Data @

B. Define Section Properties

*Define girder sections under positive moment.
*Three sections of the identical parameter are generated for G1-1, G1-2,
and G1-3. (Refer to the Overview, Construction Stage section)

Properties Dialog Box > under [Section] tab > click [Add...]
Click [Composite] tab
Provide section parameters as shown in the figure on the right.

Slab

B [[243 in (1) Section ID: 11

. ]‘357 i e (2) Name: Section G1-1 |
— (3) Section Type/Section Width: 243 /Girder Number: 1 & CTC: 0
g v (4) Slab > Bc:243 / tc: 9.5/ Hh: 3
g1 Jws 82 [s1 (5) Girder > Hw: 78 / B1: 104 / Bf1: 16 / tf1: 1 / Bf3: 8 / tw: 0.5625 / B2:
Bfi |16 Bf2 |1 in Ie 81/ Bf2: 1/f2: 0.625
- |317 e (6) Click Material Select Material from DB

——n | (7) Select Material of Concrete and Steel > Concrete: ASTM(RC) Grade
C4000 / Steel: ASTM09(S) A53

e (8) Material Parameters > PS: 0/ Pc: 0/ Ds/Dc: 0
I Select Material from DB ... (9) Click [Apply]

Es fEc 7.95797 Ds /Dc 0
Ps 0 Pr [ N

| Multiple Modulus of Elasticity

Change Name: Section G1-2 > Click [Apply]
Change Name: Section G1-3 > Click [Apply]

Es/Ec (Creep) 0 ct Material of Concrete and...
Es/Ec (Shrinkage) 0 ;
Offset: Center-Center Pimaste te e
v Consider Shear Deformation. DB ASTM(RC) -
Change Offset ... |
Code
Mame |Grade C4000 v}
Show Calculation Results. .. | OK | Cancel | Apply
Steel Material
DB ASTMOS(S) -]
Section Data Dialog Box vame ([N -
| oK | Cancel I
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

Section Data [ E8 ]

DB/User ] Value ] SRC | Combined | FSC | Tapered Composite |

SectonID | 1% Mame

Section Type :

[ section G2-1 |

|steel-Tub |

slab Width | 243 in

t= o

Girder : Mum

Slab
Bc 243 in

Hh 1 in

Hw r tw m in
B1 |02 g2 [81  in
B2 [T in
02 [15 n

Material
| Select Material from DB ... |

Es [Ec m Ds [Dc
Ps ID— Pc

[ Multiple Modulus of Elasticity
Es/Ec (Creep) ]'37
Es/Ec (Shrinkage) lﬂi

‘ [v¥ Consider Shear Deformation.

Offset: Center-Center
Change Offset ...

o]

Show Calculation Results. .. Cancel | Apply

http://en.midasuser.com

B. Define Section Properties

*Define girder sections under negative moment (G2-1 & G2-2)
*Longitudinal stiffeners are defined for the negative moment sections

(1) Change Name: Section G2-1
(2) Change in Girder > G1: 102/ Bf1: 18/ tf1: 3/ Bf3: 9/ tf2: 1.5 (Right figure)

(3) Click [Stiffener]

(4) ~ (7) Section Stiffener dialog box > Input as in the below figure.
(8) Click [OK] > Section Data dialog box > Click [Apply]

Change Name: Section G2-2 > Click [OK] to close the Section Data dialog box

Section Stiffener
Stiffener Properties

Name I LS

Type [re=

Stiffener

NRight |0 =

Nleft |0 e

a2 | d (in} | Stiffener | = C | d {in} | Stiffener | =

d (in)

405

Midas Information Technology Co., Ltd.



Step

02

Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

Section Data

DEB/User ]'l.l'alue ] SRC ] Combined | PSC | Tapered | Composite |

Section ID |21_QI R

) B. Define Section Properties

*Define other sections for the cross beam, dummy beam, stringer, coping 1,

coping 2, and column.

1. Define Stringer

T DE‘ jura k4 (1) Section ID: 21
- (2) Type: [I-Section]
Sect.Name | =) (3) Name: Stringer
o ! (4) User/DB: User
(5) H: 39/ B1: 11.8/ tw: 0.39/ tf1: 0.39
(6) Click [Apply]
{Hm — j 2. Define Cross Beam
(1) Change Name to Cross Beam
! |[—39 4 ) ghgg/g; 11/ tw: 0.47/ tf1: 0.47
° — - . . w: 0. : 0.
" e (1) Click [Apply]
tf1 39 in 3. Define Dummy beam
B2 |0 in (1) Change Type to [Solid Rectangle]
2 |0 in (2) Change Name to Dummy Beam
rl ! in (3) Change H: 9.5/ B: 250
= g i (4) Click [Apply]

[+ Consider Shear Deformation.

Dffset :
Change Offset ... |

Center-Center

E

Show Calculation Results. .. | 0 | Cancel || Apply ‘

http://en.midasuser.com

4. Define Coping 1

(1) Change Name to Coping 1
(2) Change H: 118/ B: 11

(3) Click [Apply]

5. Define Coping 2
(1) Click [Tapered] section tab
(2) Section type: [Solid Rectangle]
(3) Name: Coping 1
(4) Value/User/DB: User
(5) Sectioni—H: 118/ B: 118
(6) Sectionj - H: 59/ B: 118
(7) y Axis Variation: Cubic
z Axis Variation: Linear
(8) Click [Apply]

6. Define Column
(1) Click [DB/User] section tab
(2) Section Type: Solid Round
(3) Name: Column
(4) User/DB: User
(5)D: 98
(6) Click [OK] to close
the Section Data dialog box

P N N O e

Midas Information Technology Co., Ltd.



02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

C. Define Time Dependent Material Properties

Time Dependent Material Linku

*Define time dependent material properties of concrete

1. Go to Properties > Time Dependent Material > Creep/Shrinkage Time Dependent Material Type
Time Dependent Material (Creep/Shrinkage) dialog box > [Add] | Creepfshrinkage  |Creep sh _J
Add/Modify Time Dependent Material (Creep/Shrinkage) dialog box > Input as shown in Figure __ > [OK] | Comp. Strength | Comp 5tr ¥ _j
Time Dependent Material (Creep/Shrinkage) dialog box > [Close] Select Material to Assign

2. Go to Properties > Time Dependent Material > Comp. Strength o e
Time Dependent Material (Comp. Strength) dialog box > [Add] _ Materials
Add/Modify Time Dependent Material (Comp. Strength) dialog box > inputs as in Figure __ > [OK] L;jgf:de e geesud
Time Dependent Material (Creep/Shrinkage) dialog box > [Close] [|3:Grade C3000

3. Go to Properties > Time Dependent Material > Material Link R
Time Dependent Material Type > Creep Shrinkage, Comp Strength El
Select Material to Assign > Materials: Grade C4000 > [>] > Ensure 2:Grade C4000 is under Selected

Materials > Operation > [Add/Modify] > [Close]

Qperation 7
[ add/modfy |  pelete |
Add/Modify Time Dependent Material (Comp. Strength) Q L
Add/Modify Time Dependent Material (Creep / Shrinkage) Z \_d ot O Mo | Mat | creep)... | comp. ...
| Comp Strength | 1.0 [~ X-axis log scal IZ Grade... Creep... Comp 5..|
Name : [ Creep Shrinkage | code: [cEBFIP(2590) | Il i
e :
CEB-FIP(1990) - & Code 5 P
Characteristic compressive strength of concrete 4 kipsfin? : : as 1
at the age of 28 days (fdk) : Development of Strength 1 |
Relative Humidity of ambient environment (40 - 93] : 70 :_‘J % Code : |CEB_F1p _-J el 1 i |
Notional size of member : 10 in f{t)=(fok + A p[sx [1—[2 B.I’teq)D'SD
h=2%Ac u (Ac: Section Area, u : Perimeter in contact with atmosphere) Mean compressive strength of concrete
: at the age of 28 days (fck+delta_f)
T of cement
o o 1
" Rapid hardening high strength cement (RS) s, |
{* Mormal or rapid hardening cement (N, R} Cement Type(s)
i~ Slowly hardening cement (SL) N, R:0.25 -| .
Age of concrete at the beginning of shrinkage : day : 1100 1 S S S " S S 1 1
0 Zz 4q € B8 iz 1€ z0 24 28
Time (day)
showResutt... [ Ok | Cancel [ apply | | e——— ] @[ _ox ] cone
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

C. Define Time Dependent Material Properties

*Define change in element dependent material property is defined using the Notational Size of Member method.
1. Go to Properties > Time Dependent Material > Change Property, or

Go to Tree Menu > [Element] tab > Choose [Change Element Dependent Material]

Element Dependent Material > Notational Size of Member > Select [Auto Calculate] > Code: CEB-FIP >
2. Select Girders and Stringers by selecting them in the Structure Group list.

3. [Apply]
ree Menu Tree Menu 2
LR * . .
Ninda Bound e : Works For more convenient modeling, Tree Menu 2
. can be opened at:
[Change Element Dependent vater v ... = Suctue Group -7 Tools > Customize > [Tree Menu 2] il
—] : CrossBeam [ Node=63 ; Blement=42 b= bt
- Estart Number - ; irders [ Node=46 ; Elemert =8 as shown on the left Customize | Ful
MNode Mumber 162 __J E Sub Structure [ Node=40 ; Blement=28 ] G Srreen
Stringe ode=g 1 Tree Menu
. Element Mumber : ]23? __j s TSI | -_r " :
) . : Dummy Crozs2 , Assign Plus ree Menu
T & o sy | ' Assign Minus Message Window
| = AddReplace " Delete :.;:-ﬁ Boundary Group : 3 ; Tk P
' : 22 Support Select
Element Dependent Material ; : ﬁ Elastic Link1 Status Bar
IN el S o il 'I e 2 Hastic Link2 Unselect _
otional Size of Member B b Toad Growp - 6 T Customize...
T Input % Auto Calculate ety DLBC) cHve
it DLACKDC Inactive
h: ]'? ft et DLIACHD
-4, DLBCH
Code : ICEB—FIP :J %, DUBCR2
+._ DLECH

The fomula is h=2%Acfu
u=Lo +a%i

a: |0.5

i Tendon Group |

Apply Close ] Image #-#. Selecting members in certain structure groups

Image #-#. Change Element Dependent Material Property
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02 MOdeIln g Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

D. Create Nodes and Elements

* Nodes and elements are generated for girder and stringers using Beam Wizard.

1. First change the length unit from inch to ft at the right bottom of the program window.

2. Go to Structure > Wizard > Base Structures > Beam Wizard
Beam Wizard dialog box > [Input/Edit] tab > Select [Type 1] > Distances: 42@10 > [Add] >
Material: 4. Composite > Section: 11:Section G1-1

3. [Insert] tab > Insert Point: 0,0,0 > Origin Point, 1(0,0,0) > [Apply]
4. Repeating above, create the second girder and stringer based on the information below:
SRR EREE A 5 [Input/Edit] tab [Insert] tab
Distance Material Section Insert Origin
Input Type |t”? Type 1| " Type2 Tisert Pomit ! Point Point
No. X Coord. Distances: |42@10 ft 0,0,0 . . . . .
1 o e | | | Girder 2 | 42@10 ft | 4:Composite | 1l:Section G1-1 | 0,00 | 1(0,00)
2 10 Add Rotations i . . i
= o [ — e T S Stringer 42@10 ft 1: A53 21: Stringer 0,12,0 1(0,0,0)
4 30 . _
L 40 Delete Al | lo = lo = K = |
g 50 [~ Auto Bound. Condition ¥ Merge Duplicate Nodes _J
: EE I™ show Element Mo. v Intersect Frame Elements _]
Material || 4 % Composit=____ [l IO -Origin Paint
Section |11 | 11: Section G1-1 -] .| I~ showne. [T10,0,0) ]
AR AR AR AR AR ARRAAERAERARARELR] 4] it it i1 111 1111 1111 v
z z
L« [«
oK ] Close Apply ] oK ] Close | | Apply |

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




02 MOdeIlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

ree Henu D. Create Nodes and Elements
LGLEN Element B Mass Loa |

* Cross beams and dummy beams are generated.
|create Bements vi_j
= 1. Go to Node/Elements > Elements > Create Elements, or
NodeMumber :  [130 .| in Tree Menu > [Create Elements] >
Bementhumber:  [127 .| Material: 2:Grade C4000/ Section: 22: Cross Beam
Element Type : 2. Nodal Connectivity > Type: 1,44 or click green box, Node 1 and Node 44
IGeneraI beam,Tapered beam _vJ 3 [Apply]
4. Similarly, create a dummy beam between Node 2 and Node 45
: (Ref- (with Section 23: Dummy Beam and Material 2: Grade C4000)
| ,x
Y&\[//ﬁz
M1
Materil
Mo. Name
[ 2 |zGradecaoon ] _J
Section
Mo. MName
I 22 |22: Cross Beam Lj _J
Crientation
(+ Beta Angle  { Ref. Point
" Ref. Vector
o | [geg]
Modal Connectivity
| 1,94 [~ Ortho
vz =]l En]
Intersect: [v Mode [ Elem _J
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02 MOdeIlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

bl D. Create Nodes and Elements
{LLES Element |3 1 ry Mass Load i ___=SSSSSESSSS————————————h————————————————————————————————————_—m————,

s p— =  Cross beams and dummy beams are generated.

TN 1. Go to Node/Elements > Elements > Translate Elements, or

ode Number S . in Tree Menu > [Translate Elements] >

omeneriher: [ L] Mode: Copy > Translation: Equal Distance: 20,0,0/ Number of Times: 21 >

: | Check on [Intersect Node], [Intersect Element], [Copy Node Attributes], & [Copy Element Attributes]
[ = 2. Select Elements # 127 to 129

* Copy Movve
-Translat.im;u _ 3 [Apply]
4. Click and delete the last two elements created

(" Mode Increment 0 31
= Equal Distance

dx,dy,dz: | 20,0,0 ft

[| Mumber of Times : 21 3:

| T~ Unequal Distance

(v iR

|:|I |:|I W] Et
Material Inc. 0 a: [~ Rep.

Section Inc. ¢ 0 = Rep.
| Thickness Inc. : 0 E]: I~ Rep.

[T Delete Free 5 |
Intersect [ MNode [w Elem _‘__]
v Copy Mode Attributes _J
[v Copy Element Attributes _I

Merging TuleranceQJ
Apply i |
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02 MOdeIlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

D. Create Nodes and Elements

 Substructures are generated.

1. Go to Structure > Wizard > Base Structures > Column Wizard
In [Input/Edit] tab > Distance: 4 ft/ Repeat: 6 > [Add] > Boundary Condition: Fix > Material: 3:Grade C3000 > Section 26:Column

2. Under [Insert] tab > Insert Point: 120, 10, 0 > Origin Point: 1(0,0,0) > [Apply]

3. Repeat above to create the same column at Insert Point: 120,10,0

4. Then, using the Translate Elements function introduced in the previous page, copy the top column nodes at the Equal Distance of
dx,dy,dz: 0,0,10. > Nodes 144 and 145 are created

5. Copy Nodes 144 and 145 by: Equal Distance > dx,dy,dz: 0,6,0 > Number of Times: 3. Again by: dx,dy,dz: 0,-6,0 (3 times)

6. Copy Nodes 148, 154, 149, &155 by 0,0,0.5 ft

Column Wizard Column Wizard
Insert | Input/Edit
Pisten Repat Insert Point -
e [15, 12, =0 |
[« [s = .
| Add | H Origin Paint
| Delete | 1 I showNo. ¥ 1o, 0,0) _.ﬂ
Delete Al | ; =
Ho. Z Coord. 1 Rotations
1 0 i Alpha T
2 4 0 = %
3 8 —+ -»
4 12 H Bgta : 4
5 16 A 1 || ==
8 20 T Gamma
7 2 i o = § e e ., ~
f
Boundary Condition T - + Mﬁ—.ﬂ_“
il Duplicate 4
{_Pin ¥ Fix 4 v N:&i: uplica + e G
" Mone L i
! 4
[~ Show Element No. | |_x +
Intersect Frame
Material |3 |3Gadecaoon || .. Elements i’
Section 25 26: Column z [
oK ‘ Close ‘ Apply | ‘ Close ‘ | Apply |
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

 Substructures are generated.
1. Go to Node/Element > Elements > Create Elements

Create elements applying Material: 3: Grade C3000 & Section: 24: Coping 1

between nodes 146 & 152 and 147 & 153

2. Create elements applying Material 3: Grade C3000 and Section 25 Coping 2

between Nodes 147 & 151 and 153 & 157

W

. Go to Properties > Section > Tapered Group

Tapered Section Group > Element List: 229t0236 (if tapered sections are assigned on the
elements of different numbers, type or select them) > Operations > [Add]

D. Create Nodes and Elements

. Turn on Hidden at: View > Render View. Notice the tapered section are not properly placed.

ree Menu

Node ElIgthid Bol 4

~Tapered Section Group -

Gl"l:ll.lpj‘ Dist.

e

[TTI0TE
| §
i J
Sym. Plane

Group Name :

, Coping
Element List :
| 229t0235

[~ Section Shape Variation
—Z-Axis —

| Linear ¢ Polynomial [2.0 ____1:3:
I~ Symmetric Plane — i

- i Gi
150 o %ig 116 B ) 160 __Dis'ﬁnce: i':'—_ ft
o Coping 2 " Coping 2 * - — L2 . L, _J3é T :
oping Coping 1 Coping 1 Coping 2 Coping 2 [ e B |
- Symmetric Plane - -
_ From : o
151 . 'Hg . 147 143 = %% - Distance [P &
@Cﬂplﬂg 2 Coping 2 Coping 1 i Coping 1 b Coping 2 * Coping 2 -+
Name | Blement List
4 T ] 2
—Operations -
Add Modify | Delete |
Convert to Tapered Section... I
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02 MOdeIlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

D. Create Nodes and Elements

« Until this point, all girder elements are Section G1-1.

* Apply different girder sections according to the Overview — Locations of Girder Sections.

1. Go to Tree Menu > Works tab > Open Properties > Open Section > Double Click 11: Section
G1-1 or Right click and click Select to select all elements Section G1-1 is applied on.

2. Click [Activate]

Tree Menu

_..
= |—II Bace
Group

Analysiz Control Data
: Tl. Moving Load Analysis Data [ Method=Cluick ]
Tl. Construction Stage Analysis [ Stage=Last |

= ﬁ Structures
" Nodes : 161
+- > Elements : 236

Repart

-l - Properties

+-[T| Material : 4
-¥TH Time Dependent Materal{CAS)
Time Dependent Matenal{Comp. Strength)
+-%27 Time Dependent Material Link
3 Tff Change Elemert Dependent Materal property : 126
=+ T _Section : 11

T 11:Section G1-1 |

12 : Section G1-2
13 : Section G1-3
14 : Section G2-1
15 : Section G2-2
21 : Stringer
22 : Cross Beam
23 : Dummy Beam
24 : Coping 1
25 Coping 2
26 : Column
=-0] Tapered Section Group

+
]
+

I-II-II-II-II-II-II-II-II-II-J_
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

D. Create Nodes and Elements

« Until this point, all girder elements are assigned Section G1-1.
* Apply different girder sections according to the Overview — Locations of Girder Sections.
1. Using Select By Window option, select elements from Node 10 to Node 16 and Node 53 to Node 59.
2. Select 12:Section G1-2 in the Tree Menu and drag and drop it to the Model View.
This action applies Section G1-2 to the selected elements.
3. Repeat the above two steps to apply G1-2, G1-3, and G2-2 as shown in the picture

o [ ERE o€

- Iil Section : 11
I 11 : Section G1-1
I 12: Section G1-2
I 13: Section G1-3
I

4 45 46 47T 48 49 S0 51 52 53 54 55 56 51 58 59
T 15: Section G2-2 (5
¢

I 21 : Stinger
X 22 Cross Beam
I 23 : Dummy Beam

L Y TN |

T3 4 3 6 1 8 & 10 M1 42 43 14 A5 16

30 60 61 62 63 64 065 66 67 68 60 JO0 71 72 73 74 95 76 77 78 79 80 81 82 83 84 85 86

G1-2 G2-2 G1-3

16 J7 A5 190 20 21 43 23 24 23 26 27 J8 290 30 31 32 33 34 35 36 3 38 39 40 41 4l 43
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Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

ree Menu 2

Tables W

Vorks EeJGUE Repor 1

Mew

—

Define Bou

Mame :

Suffix :

2] 13 ] ]

ndary Group

| Elastic Link

[1to2

(Example 1356 7to 20by 2)

Support
Elastic Lin
Elastic Lin

Modify

k1
k2 Delete

Delete Inv

/]

T

ree Menu

Node Element QbilsklsY

IEIastiu: Link

Boundary Group Name
{Blastic Link1

v|D

i Delete

Options
+ Add

Elastic Link Data

Type  |Rigid ~|

{ Ref,
-
y\M M
M1

Z

1.

2.

3.

(S0 =5

o N

E. Define Boundary Conditions

Define Boundary Groups and apply elastic links.

Go to Tree Menu > [Group] tab > Right click [Boundary Groups] >

Click [New...]

Define Boundary Group dialog box > Name: Elastic Link > [Add] >

Name: Elastic Link / Suffix: 1t02 > [Add] > [Close]

Go to Boundary > Link > Elastic Link > Boundary Group Name:

Elastic Link 1 > Type: Rigid > Click the green box to select 2 Nodes

. Click Nodes 136 and 144 and, again, Nodes 143 and 145

. Change Boundary Name: Elastic 2 > Apply Rigid type links between
Nodes 158-56, 160-13, 161-31, and 159-74.

. Change Type: General > Put 67,000,000,000 kip/ft for all SDx, SDy,
SDz > Click the green box to select 2 Nodes

. Type 154,150 and click [Apply],or click the nodes in the Model View.
. Apply more general elastic link between sets of two nodes.
Nodes SDx (kip/ft) SDy (kip/ft) SDz (kip/ft)
148 & 158 | 67000000000 0 67000000000
. [Close] 155 & 161 | 67000000000 | 67000000000 0
149 & 159 | 67000000000 0 0 e

- ._|Il_5 o Fr

Beta Angle :

.]-.3,5

0 > | [ded]

http://en.midasuser.com

modes: [ 1]

I~ Copy Elastic Link
Gix Ty Oz

oy | o= ]

K

10.Repeat Step 1 to create Load
and Structure Groups as:
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

E. Define Boundary Conditions

* Apply supports.

1. Go to Boundary > Supports > Define Supports, or Tree Menu > Boundary tab > Supports
Boundary Group Name: Support > Support Type (Local Direction) > Click on Dy and Dz.

2. Click Nodes 1 & 43

3. [Apply]

4. Repeating the above steps, apply Dz support on Node 44 and 86

5. Make sure all supports are in Support Boundary Group, or add all supports to the Support Boundary Group by
dropping Support from Tree Menu Group Tab

*Fixed support at the bottom of the columns are applied when generating the column elements in the Column Wizard

ree Menu

Mode Element 1

lSuppurts vﬂ

~Boundary Group Mame 1 H; Base < |H’I' Tree Menu 2
| Lsupport i) Tables Works

—~Options - 1
f« Add 1 Replace { Delete

4. Load Group : D
" Tendon Group : 0

~5Support Type {Local Direction) -

& Bounda
Z 1
T Ry Dy 5
B L D
‘\\:l
Dz ®

[ D-ALL
ox [ Dy W Dz W

[~ R-ALL ;
Ex [T Ry [T Rz [ : 1

| ga IT] Cancel J
(3§
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

F. Define Groups

* Define Load and Structure Groups.

1. Repeat the step taken to create Boundary Groups to create Load and Structure Groups as ———> &=
2. Structure elements are all defined already and can be added to the corresponding Structure Groups. |=-

Add the nodes and elements of Section G(1-1, 1-2, 1-3, 2-1, and 2-2) and Nodes 158t0161 i
(Nodes: 1t086 158t0161 & Elements: 11084) to Girder Structure Group I DLACIDW

**Select the sections desired and drag and drop the group from Tree Menu)
3. Dummy Beams on Section G1-1 - Dummy Cross 1

(Nodes: 2to10by2 45t053by2 88to96by2 & Elements: 129to145by4 130to146by4 )

on Section G2-1 and G1-2 - Dummy Cross 2

(Nodes: 12to28by2 55to71by2 98to114by2 & Elements: 149to181by4 150to182by4)

on Section 2-2 and G1-3 &> Dummy Cross 3

(Nodes: 30to42by2 73to85by2 116to128by2 & Elements: 185t0209by4 186t0210by4)

4. The elements of Coping 1, Coping 2, and Column sections - Sub Structure
(Nodes: 143 44 86 130to157 & Elements: 21310236 )
5. The elements of Cross Beams - Cross Beam

(Nodes: 1to43by2 44to86by2 87t0129by2 & Elements: 127t0211by4 128t0212by4)

6. The elements of Stringer - Stringer
(Nodes: 87t0129 & Elements: 85t0126)

Base e - |

v+ Load Group : 0
S Tendon Group : 0

& Link1

atic: Link2

Lure Group : 7

oss Beam [ Node=0 ; Element=0]

B~ | Giirs [ Node=0 ; Hemeri=0 ]

=8 Sub Structure [ Node=0 ; Bement=0]
= Stinger [ Node=0 ; Elemert=0]

B Dummy Cross1 [ Node=0 ; Element=0 ]

¥ Dummy Cross2 [ Node=0 ; Element=0]

B Dummy Cross3 [ Node=0 ; Element=0]

+._ DL{ECH
+_ DLEC2
DL{BC)3
Boundary Group : 3
ﬁ Support
ﬁ Blastic Link1
& Hlastic Link2
= Structure Group : 7

H Cross Beam [ Node=0 ; Element=44 ]

= Girders [ Node=0 ; Element=84 ]

@ Sub Structure [ Node=4 ; Blement=24 ]

P Stringer [ Node=0 ; Blement=42 ]

@ Dummy Cross1[ Node=15 ; Element=10]
@ Durmmy Cross2 [ Node=27 ; Bement=13 ]
B Dummy Cross3 [ Node=21 ; Blement=14 ]

M
=S / Dummy Cross2 I

Dummy Cross1 1

© 000
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Step

02 MOdeIlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

G. Define Loads

* Define self weight and the steel beam weight. Tree Menu Tree Menu

1. Go to Load > Load Type > Static Loads > Create Load Cases > Node Element Boundar, 4 Node. Hement BoundiEiihass
Static Load Cases

2. Static Load Case dialog box > Name: DL(BC)/ Type: Dead Load (D) | [5efteight 7] .| |IEementBeam Loads ] -]
> [Add] o Load Case Mame - 1

3. Define DL(AC)-DC and DL(AC)-DW as well. Jiisimidcinns | EXES |
[CIOSG] II:?ILl:E"::I :J ] | ~Load Group Name 1

4. Go to Load > Structure Loads/Masses > Self Weight > Load Case -Load Group Name || |l [ ]
Name: DL(BC) > Load Group Name: DL(BC) > Self Weight Factor [oLee) =] ||| | ~optons-

X:0, Y:0, Z:-1 > [Add] ~Self Weight Factor - e e
5. Under Tree Menu > [Group] tab > Structure Group > Right click or ~Load Type :
double click Girders Structure Group to select them in the model e gt Y |Uniform Loads ~|

view > Click [Activate] 1 > Click [Select All] (&) / "

6. In Tree Menu > [Load] tab > [Element Beam Loads] > Load Case £ ¥ -?4 m
Name: DL(BC) > Load Group Name: DL(BC)1 > Value: x1:0, x2:1, ' gt X o #:
w: -2.4 > [Apply] i £ s

Static Load Cases ¥ | .
: . ﬁ 6 _ s } 1T Eccentricity
ame E i -1 E
Case :  |AllLoad Case MOd'fV
z ==rs Direction 1GI|:|I:|aI Fi -
B e Loxd () £ —JDElEtE Load Case ] " ] Y ] Z ] Group et n
Description : J Projection : i Yes ¥ No
: DL(BC) 0 0 -1 Default | o
No Name Type Descnptlon s f* Relative ~ Absolute
1| DLBC) Dead Load (D) '
2 |DL(AC)DC | Dead Load of Component an x1 |0 w-2.4
» 3 Dead Load of Wearing Surfa 4| 1Ll r w2 l 1 ] i
* Operation i }IEI Jln
e// CRgd ] modify | Delete | | e Urits Jmp; i |
_E_‘h]_se_] Apply Close
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

G. Define Loads Traffic Line Lanes o

Lane Mame : | L1 |

* Define concrete deck weight.
1. Using the Element Beam Loads function > [Element Beam Loads] > Load Case Name: DL(BC) >

Traffic Lane Properties

Load Group Name: DL(BC)1 > Value: x1:0, x2:1, w: -2.4 > Select and highlight G1-1 in the Model % o
View > [Apply] ti T Jg?/ 4
2. Repeat above to apply Load Group Name: DL(BC)2 on G2-1 and G1-2 Start End
3. Repeat above to apply Load Group Name: DL(BC)3 on G2-2 and G1-3 a : Eccentricity
» Define moving Load Baeminity = L2 .
4. Go to Load > Load Type > Moving Load > Moving Load Code > Select [AASHTO LRFD] > Ltk .
Moving Load Analysis Data > Click [Traffic Line Lanes] > Traffic Line Lanes dialog box > [Add] Vehicular Load Distribution
5. In Define Design Traffic Line Lane > Lane Name: L1 Lt ot s
Traffic Lane Properties > Eccentricity: -3ft/ Wheel Spacing: 6ft T;::;::GWUD =
Vehicular Load Distribution > Cross Beam > Cross Beam Group: Cross Beam e
Moving Direction: Both start [0 = End [0 = [deq]

Selection by: 2 Points (0,12,0) (420,12,0) > [Add]

6. In the list of elements just added, click on the check boxes for the elements in the beginning of
the spans (Elements 85, 97, 115, & 126)

7. Repeat above steps for Lane L2

Moving Direction 3
|1’" Forward " Backward {* Both |

Selection by

* 2Points (" Picking " Mumber
Lane Name: L2 > Eccentricity: +3 > ... > [Add] > Check on Span Start for the Elements 0,120 -
(Elements 85, 97, 115 & 126) [a20,12,0 &
-Operations
Add Inzert J Delete |
*C“Ck DISplay Element No Slem Eccen. Span| =
: , Number (Toggle On) to 1 — s e
] - ' < find out the Element A S
: i Number of the 2 zZ NI = B

highlighted elements.
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02 MOdeIlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

Define Standard Vehicular Load o |_E]. G. Define Loads
e <1 | - Define Vehicles for the moving load analysis.
[ - 1. Go to Load > Moving Load Analysis Data > Vehicles
| [ o 2. In Define Standard Vehicular Load dialog box
st T = Standard Name > AASHTO LRFD Load
Djn:n:m: Au:a'n.;e- EE = Vehicular Load Properties > Vehicular Load Name: HL-93TDM / Vehicular
' - Load Type: HL-93TDM / Dynamic Load Allowance: 33%
B Pz [App|y]
l l 3. Vehicular Load Properties > Vehicular Load Name: HL-93TRK / Vehicular
— - 1 Load Type: HL-93TRK / Dynamic Load Allowance: 0%
oooeeeeoooo R A ; [OK]
I / 1
Mo | Load{kips” Spadng{&}¥‘ W 0.54 kips/ft
AN =
3 32 30 pm |0 kips
il rﬂ— kips/ft
dbi |0 ft
dw?2 |0 kips,/ft
doz |0 ft
’Tl Cancel ] Apply
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02 MOdeIlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

( Define Moving Load Case e |_£3_‘ G. Define Loads

load CaseName : [ ML | « Define Moving Load Cases
Description : | 1. Go to Load > Moving Load Analysis Data > Moving Load Cases > [Add]
2. Define Moving Load Case dialog box >

Load Case Name: MVL

Sub-Load Cases > Loading Effect: Independent > [Add]

[~ Load Case for Permit Vehide
- Multiple Presence Factor

Mum of Loaded Lanes Scale Factor ) i )
' 1 | 3. Sub — Load Case dialog box > Define a Sub-Load Cases as shown in
T | the figure > [OK] > Repeat to create another Sub-Load Case using
> S VL:HL-93TRK Vehicle Class.
' 4. [OK]
>3 0.65
Sub - Load Case e [m3m]
Load Case Data - g
Eh R e Vehide Class : ] Ml
- Loading Effect m Scale Factor 1
"~ Combined {+ Independent Min, Number of Loaded Lanes : [1
; Max, Mumber of Loaded Lanes ] 2

Vehicle class J Scale J Lanel | |

VL:HL-93TDM 1 L1 [~ Assignment Lanes

YLiHL-33TRK 1 L1 List of Lanes Selected Lanes

2
=
1 [t
B2
Add
oK Gml ] P.pph' 1 | Ok I Cancel
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02 MOdeIln g Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

G. Define Loads

* Define Lane Support — Negative Moment and Lane Support Reaction
1. Go to Load > Moving Load Analysis Data > Lane Support-Neg. Moment > Select [Girders] Girder Group > [Add]

2. Go to Load > Moving Load Analysis Data > Lane Support Reaction > Select the nodes at the supports
(Select Single, Select Nodes by Identifying, etc. may be used to select the desired nodes. )

3. Go to Load > Moving Load Analysis Data < Concurrent Reaction Group
Define Concurrent Reaction Group dialog box > Select [Girders] > [>>] > [OK]

Define Concurrent Reaction Group 9
Mode Group ted Group

1 Cross Beam irders |
Sub Structure

Stringer

Dummy Cross1
Dummy Cross2

Dummy Cross3

| —Girder Grou - 7l
|Girders T] I

[ | <<
Delete ] Maoving Load

Moving Load

|Lane Supports{Megative Moments vl

Hauto Input

Mo ] Group ] - -
Lane Supparts(Reactions at Interic ~| ...
1 Girders I I —I L2
Options Remowve Concurrent Reaction Group J
=il L | Ok I Cancel I
Mo J Mode Number
EEM t 13
ﬁg 2 31
3 56
Mﬁ i 4 74
e 5 99
i & 117
Apply Close
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03 Comp OSIte Glrder DeSIQ n Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

Girder Mame I GL-1

Span Information 6
H. Input Span Information |

— Assign Elements -

*Span information is required for the program to distinguish the end and interior S
panes. Separate shear check formulae are needed for the panels depending upon [wn |
their location. Span information is used for viewing the Composite Design Results [ Addrepee | oete Al | '
and Design Result Diagram as per Span. .
1. Go to Structure > &7 Composite Bridge > Span Information i it Wt kil sl
Girder Name: Section G1-1 > Assign Elements: [Number] ; ;_ 13 No'ne
Assign Elements > 11012 > [Add/Replace] > Support > Click on the box for 3 3 30| Hone
support and change the support position from ‘None’ to ‘I’ and ‘J’ for Elements 1 4 4 10[ None ||z
(first element) and 12 (last element) respectively. : : B
2. Repeat above to create more span information: 7 7 10| Mone
Girder Name | Assignment Elements | Support i | Support | 3 S 13 EE:Z i
GL-1 1tol12 1 12 10 10 10| MNone
GL-2 43to54 43 54 - " ° e
G M-1 13t030 13 30 5pan by Element Length E
G M-2 55t072 55 72 120 i
GR-1 31to42 31 42 B ]Exacts.gan
G R-2 73to84 73 84 [ 5
(ex: 2, 3@4, 5)
~Inner Direction of Multiple Girders
{* (DLocal-y " (+H)Local-y
- Girder Information
™ no. | Name | Element List -
1 GL-1 1,23 456.7,8.. |B
2 GL-2 43, 44, 45, 46, 47, 4...
3 GM-1 13, 14,15, 16, 17, 1... -
Add | modfy | Delete |
Close
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03 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

H. Model View of Span Information

GL1 |
G L-2 3

X
GM-1 |

H X
GM-2 |

—+| | <
GR1 |

+| |
GR2 |

- | X
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02 MOdeIlng Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

e on S =] I. Define Construction Stages

Name Duration ] Date Step J Result I Add » Define Construction Stages' ) )
Cot 5 5 0 Stage insertprey | | 1. Go to Load > Load Type > construction Stage > Construction Stage Data >
cs2 8 16 0 Sta . . .
3 8 2 0 S ] | Define C.S. > Construction Stage dialog box > [Add]
cs4 E 32 0 Stage ; ;
= : . . i G [ 2. Compose Construction Stage dialog box >
N — Stage > Name: CS1, Duration: 8
Modi . .
[ | Element > Click [Sub Structure] > Activation: Age: 18 > [Add]
eete_| | Boundary > Select [Support] and [Elastic Link1] > Activation: Deformed > [Add]
Load > Click [DL(BC)] > Activation: [Add] > [Apply]
_ Cose | | 3. Repeat above to define 5 construction stages as below:
Compose Construction Stage v
~Stage [ Additional Steps —
Smge:  |os1 = bay: o _Add | et |
MName : ﬂCSl I ( Example: 1, 3,7, 14 ) ______JModify ___Jclear
| Duration : |8 H day(s) | P .
pENEREmEL — i stepumber : [0 =3 Name Element Age Boundary Position Load Active Day
enera = S t, .
CR e S0 T a0 [ |L sl e CS1 Sub Structure 18 Elast?cpfirnkl deformed DL(BC) First
Element | Boundary | Load | Cross Beam,
Group List w_] [ Activation | [ Deactivation - CS2 Girders, 0 Elastic Link2 deformed DL(BO)1 First
Cross Beam Element Force Stringer
g;‘i:lnegr:r Age day(s) Redistribution: | 100 = o
Dummy Cross1 - : CS3 Dummy Crossl 8 - - DL(BC)2 First
Dummy Cross2 Group List Group List
i Name | age [ || [ame [Redst. | Cs4 Dummy Cross2 8 - - DL(BC)3 First
SubStructure 18 [
CS5 Dummy Cross3 8 - - DL(AC) First
ad Modify | Delete | Add | Modfy | Delete |
| oK I Cancel | Apply ‘
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

I. Define Construction Stages

 Define Composite Section for Construction Stages. Since the steel girder and concrete slab installation needs to be
distinguished for the pre- and post- composite sections, composite sections are defined in terms of the construction stages.
1. Go to Load > Load Type > Construction Stage > Construction Stage Data > Composite Section for C.S. > [Add]
2. Add/Modify Composite Section for Construction Stage dialog box > Active Stage: CS2, Section: 11 Section G1-1,
Composite Type: Normal
Construction Sequence > Part 1 > Material Type: Element, Composite Stage: Active Stage, Age: 0, h: 0.05
Part 2 > Material Type: Material, Material: 2 Grade C4000, Age: 8, h:0.76

[Apply]

3. Section: 12 Section G1-2 > Part 2 > Composite Stage: CS4 > [Apply]

4. Section: 13 Section G1-3 > Part 2 > Composite Stage: CS5 > [Apply]

5. Section: 14 Section G1-4 > Part 2 > Composite Stage: CS4 > [Apply]

6. Section: 15 Section G1-5 > Part 2 > Composite Stage: CS5 > [Apply]

7. Click [Update all H] and [Update Long Term] Add/Modify Composite Section for Construction Stage e

rc PET—— — Active Stage Ics2 -|

omposite section for Construction Stage ki |11 —
D ] Stage | Section J Type | Shape | —" [ Composite Type |Nnrmal v|
1 c52 11: Section... Composite CP_T : : .
2 cs2 12 :Section ... Composite CPT e I Section Type Compaosite
3 Cs2 13 Secﬁun Campas?te CP_T Delete I Sertion Shape CPT
4 cs2 14 : Sechon ... Composite  CP_T -
5 C52 15: Section ...  Composite CP_T 7 Element List 1to9 43051

Update Long Term

Construction Sequence

Material : Composite : Stiff, | Comp
Par Type Material Stage Age h SHiff. Scale
1 | Element Active Stag 0005
2 | Material 2: Grad C53 8| 076

oK | Cancel “ Apply |
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02 Modeling

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

I. Define Construction Stages

» Review the construction stages defined.
* Notice the loading sequence, changes in boundary condition and structure elements activated throughout the construction stages.

1. In the Model View * Model View, | click [Base] and select [CS]——> A Bl

Base

H: est - IR H: cs2

& s

Ll g

Hi ¢s3 A i es4 |
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03 Analysis

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

J. Define Construction Stage Analysis Control

* Define Construction Stage Analysis Control.

* DC(AC) and DW(AC) are selected to be distinguished from the Dead Load and produce the results under CS: Erection Load.

1. Go to Analysis > Analysis Control > Construction Stage > Construction Stage Analysis Control Data dialog box > Load Cases to be
Distinguished from Dead Load for C.S. Output > [Add]

2. Define Erection Load dialog box > Load Case Name: DL(AC) > Load Type for C.S.: Dead Load Component and Attachment >
Assignment Load Cases > List of Load Cases: Select DL(AC)-DC > [->] > [OK]

3. Define another Erection Load > Define Erection Load dialog box > Load Case Name: DW(AC) > Load Type for C.S.: Dead Load of

Wearing Surfaces and Utilities > Assignment Loa Cases > List of Load Case: Select [DL(AC)-DW] > [->] > [OK]
. Construction Stage Analysis Control Data dialog box > [Apply]
. Go to Analysis > Perform > Perform Analysis or click 5

- } - a
Construction Stage Analysis Control Data I_EX_! Define Erection Load

(S22

-Final Stage - Cable-Pretension Force Control = Load Case Mame | pc(ac) |
{+ LastStage " Other Stage cs1 =] ¢ InternalForce (" External Force £ Ads {7 Replace Load Type for C.5. |Dead Load of Companent and Attschmen |
§ Initial Force Control - . 2 Assignment Load Cases
[ Restart Construction Stage Analysis ] [~ Convert Final Stage Member Forces to Initial Forces for Post C.5.

Load Case _I

analysis Option | I Truss Il Ecam :
: i 7 List of Load Case Selected Load Case
[ Indude Nonlinear Analysis Hanlinear Analysis Contral | [ Change Cable Element to Equivalent Truss Element for P — — I
T = DL{BC DL{ACI-DC
" Independent Stage " Accumulative ] iti
L ) o T_ Apply Initial Member Force to C.S. BL{AC) DC
I~ Include Equilbrium Element Nodal Farc Initial Displacement for C.5.
[~ Indude P-Delta Effect Only [~ Initial Tangent Displace r Erected Structures
: -=
W Indude Time Dependent Effect Time Dependent Effect Contr B " Group Cross Beam =]
Loa?BF-Fit Force Contral Cross Beam <']
-Load Cases to be Distinguished from Dead Load for C.5. Ouu:ut ) —
Apply Camber Displacement to C.5. (if Defined)
Mo 1 Load Case MName I Type { Casel - -
1 DC{AC) DeC DL{AC)DC 1 Consider Stress Decrease at Lead Length Zone by Post-tension
2 DW{AC) DW DL{AC)-DW Modify ] el e ' Constant : Stress?

Cancel

Delete Beam Section Property Changes - | I_ I
S — QK

1l LI " Constant {* Change with Tendon

—Frame Output

[~ Calaulate Concurrent Forces of Frame
¥ Calculate Output of Each Part of Composite Section

[~ Save Output of Current Stage(Beam/Truss)

Remove Construction Stage Analysis Control Data ‘ | oK | Cancel ]
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04 Load Combination Generation

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

K. Generate Load Combinations

* We will Auto Generate Load Combinations for Composite Design as per AASHTO LRFD 2012
for Composite Steel Girder Design.

-_—

. Go to Results > M Load Combinations

Click Composite Steel Girder Design

. Click at Auto Generation. ..

Automatic Generation of Load Combinations > Design Code: AASHTO-LRFD 12 >

Code Selection : Steel Composite > Manipulation of Construction Stage Load Case: CS Only > [OK]
Load combinations are created as shown.

. Load Combinations dialog box > [Close]

SEN

o &

i = 1 Automatic Generation of Load Combinations
General ] Steel Design ] Concrete Design l SRC Design | Option o T
Load Combination List - ~Load Cases and Factors | i+ add ™ Replace
No Name | Active Type Description = LoadCase Factor el o Code Selection S « |
» 1 Stren | Add Strength-1:1.75M[1].1.25(cD).A. » 1.7500 " Skeel € Concrete 7 SR |(’3‘ Steel Composite |
2|scLCB2 | Stren | Add Strength-1l:1.35M[1],1.25(cD),1. Dead Load 1.2500 oo iAASHTOiRFD:lz j __J |
3|sclLCB3 |Stren | Add Strength-IV:1.50{cD),1.50{cEL1 DC(AC)C 1.2500 L : |
4| scLCB4 | Seni Add Semvice-:1.00M[1].1.00(cD).1.0 DW(AC)C 1.5000 ~Manipulation of Congtruction Stage | oad Case -
5| scLCBS | Semi Add Semwvice-l:1.30M[1].1.00(cD).1.0 Creep Sec 0.5000 ST Only {~ 5T+CS
6| scLCB6 | Seri Add Service-ll:0.80M[1],1.00{cD).1. Shrinkage 0.5000 ST : Static Load Case CS : Construction Stage
7|scLCB7 | Sem Add Service-IV:1.00{cD),1.00{cEL1), * : '
8| scLCBS | Seni Add Fatigue-1:1.50M[1].1.00(cD),1.0 Load Modifier : 1
9|scLCBY | Seni Add Fatigue-11:0.76M[1].1.00(cD).1.0 -l oad Factors for Permanent Loads {Yp) -
* =
1 5 Load Factor for Settlement : 1
I Structural Plate Box Structures(Metal Box Culverts)
/ ~Condition for Temperature
/’ {~ Deformation Check + all Other Effects
L |
oK. l Cancel

< | i | / =
Copy I Import... I I Auto Generation... P Spread Sheet Form I

File Mame: J C:\UsersMidasoft\Desktop | Civil-Temp\dvil - SPC Desig Browse J Make Load Combination Sheet Close
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

Composite Design

Composite tub girder bridge is one where a reinforced concrete deck slab sits on top of steel tub girders, 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 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.

) AASHTOARFDI2  -| Eﬁ,
DGSIgn StepS: ‘E Composite Design '| Section for Pe
Design Parameters...
> Define Design Parameters i Ocoon vt
. g . [ | Load Combination Type...
> Deﬂne DeS|gn Mater'al 3| Longitudinal Reinforcement...
» Define Load Combination Type 3¢ Transverse stiffener...
> Longitudinal Reinforcement L3 unbraced Length...
. EE Design Position...
» Transverse Stiffener f=| Position for Design QUtpUL...
> Unbraced Length | Shear Connector...
> Design POSition % Fatigue Pe.lmmeters...
Y . ¥ Curved Bridge Info...
» Position for Design Output —— 7
esign [ables
» Shear Connector _
. ﬁ Design
» Fatigue Parameters o
» Curved Bridge Info B
. . Design Result T v
> View Design Results . s
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Step

05 Comp OSIte Glrder DGSIQ n Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

L. Input Design Information 2. Go to Design > Composite Design > Design Material
Select the SRC material in the ‘Material List'.

UGo to Design > Composite Design > Design Parameters Composite Material Selection is updated. > Click [OK]
1.Composite Steel Girder DeS|gn Parameters > Code > AASHTO-LRFD12 3. Go to Design > Composite Design > Load Combination Type
Composite Steel Girder Design Parameters > Click [Update by Code] Software automatically classifies the auto generated load
Girder Type for Box/Tub Section > Multiple Box Sections combinations into Strength, Service and Fatigue categories. Here,
Check on [Consider St. Venant Torsion and Distortion Stresses] you can choose the load combinations to be considered for
Check on all the Option For Strength Limit State > Click [OK]. Composite Design. > Click [OK]
Composite Steel Girder Design Parameters (== Medify Composite Material |E| Load Combination Type
Code: |AASHTOARFD12 ~| | Updatebycod= | - Material List i Steel Composite Design ]
Strength Resistance Factor D 1 MName Steel Concrete Main-bar 1 Sub-bar 1
Resistance factor for vielding (Phi._y) 0.95 4 Composite A53 Grade C4000  Grade 60 Grade 50 ] Load Combination List Strength Limit State
Resistance factor for fracture(Phi_u) 0.8 -_3‘] :iggé
Resistance factor for axial comp.{Phi_c) 0.9 :J scLCB3
Resistance factor for flexure (Phi_f) 1 7 o
| Service Limit State
Resistance factor for shear(Phi_v) 1 Composite Material Selection i] TR
Resistance factor for shear connector{Phi_se) 0.85 Steel Material Selection sclCB5
scLCBe
Resistance factor for bearing{Phi_b) 1 Code: |ASTMOS(S) - i] sl CE7
—Girder Type for Box/Tub Section | likiybad bacian ——J Fatigue 1 Limit State
(" Single Box Sections &+ Multiple Box Sections Grade : |A33 ¥ il scL CB8
[V Consider St.Venant Torsion and Distortion Stresses Es : |29000 kipsfnz Fu : |80 kipsfin2 :]
- Option For Strength Limit State R & Preis . .
v Appendix A6 for Negative Flexure Resistance in Web Compact Fatigue 2 Limit Stat=
/ NonCompact Sections i_] scLCB9
[v Mn<1.3RhMy in Positive Flexure and Compact Sections(g. 10.7.1.2-3) |
[v_Post-buckling Tension-field Action for Shear Resistance(6.10.9.3.2) Conerete Material Selection :]
- : ) g Code: |ASTM(RC) - Grade : |Grade C4000 -
Design Parameters 1
W strength Limit State-Flexure Spedfied Compressive Strength (f'c/fdk) 2| kips/finz
[V Strength Limit State-Shear i ; oK, | Cancel
Reinforcement Selection

¥ Service Limit State
Code: |ASTM{RC) -

[¥ Constructibility

[ Fatique Linit State Grade of Main Rebar : Grade 60 | Fyr: |60 kips/in2
¥ shear Connectors, Longitudinal Stiffeners Grade of Sub-Rebar : Grade 50 vi Fys: 50 kips/fin2

| oK | Cancel | oK | Clase
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

L. Input Design Information

UGo to Design > Composite Design > Longitudinal Reinforcement

In this tutorial, the longitudinal reinforcement will be provided in all girder sections.
For the negative flexure sections (e.g., Section G2-1, etc.) greater number of reinforcement will be provided.

Section Manager a
1 > Mode ngitudinal Reinforcement | shear Reinforcement it
- Large! Bection & Hlement > | [OEE&0] Bl w: s 7 e Gt st
. . ) . . arget Section & Elemen 5 [ oordina + Centroid (" Left-Bottom
Longitudinal Reinforcement > e P
Check on [Same Rebar Data ati & j-end] EEEl |
H ection G1- ~Type
| > Type: Line> Input Method B e B T
Starting Point (-9.5, 1.7)ft E— o oo S .
. Input Method A + InputMethod B
End Point (9.5, 1.7) ft BER C - oeam
Number: 12 > Dia: #10 > Part: Part 2 = EEEER .
[Add] > [Apply] St RREERN | —
) ) ) ) | Edge Bar
2. Repeat above for ‘“12:Section G1-2’" and o pliz—j
Reference for Tapered Section

‘13:Section G1-3’

¢ ILeFt _] 1eF, 7 ]Top _j

3. Repeat above for 5 e ey e
“14:Section G2-1" and ‘15:Section G2-2’ with SRR [— _‘1
Starting Point (-9.5, 2.3)ft o TS T’;H”“m 2l
End Point (9.5, 2.3) ft |
Number: 20 > Dia: #10 > Part: Part 2 copy Ronforcemenss .. || [emmer e —

[Add] > [Apply] | =
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Step

05

Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

L. Input Design Information

UGo to Design > Composite Design > Transverse Stiffener

Transverse stiffeners are required for considering the tension field action in interior stiffened panels for Strength Limit State check.

1. Target Section & Element > Select ‘11 : Section G1-1’

Check on [Same Stiffeners Data ati & j-end
Transverse Stiffener > Check [Web] > Click [...]
2. Stiffener Type > Flat
Select [Two Stiffener]
Pitch: 5ft
B: 6.5ft
t: 0.5ft
3. Fy >[...] > ASTMO09(S) and A36 > 5184 kips/ft?
Click [OK]
Click [Apply]
4. Repeat above for the rest girder sections.
[Close]

http://en.midasuser.com

Lection Manager
Fode
| Trarawerne Suffere =

Tarpe1 Sermen & Bemend
[= X Zecten 3
X 11 Secton 11
T 12 Secten Gl
I 13; Secten 513
I 14 Secton G
I 15 Sectan 23

Erarwropr a5 erer

-.?:; aled®d] [l ew: o5 # ¥ S [ e setrereratotm it |
Tranverpe 55
= "=
$# prar Ty 1y i
ramon pe 558 e
" Gem abfere
Py | 5L+ an""l-’
i [ ]
5 *.
13 [
o | el |
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Grade  [am 0 =]
Fr [53 g fend
-
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Step

05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

L. Input Design Information

UGo to Design > Composite Design > Unbraced Length
Lb, Unbraced length is used for Lateral Torsional Buckling

ree Menu R =
4 Postcs 7

IUnbraced Length(l,Lb)

check in Composite Design. e
1. Select all the composite girders. 2 S -
Laterally Unbraced Length > 20 ft (240 in) i Y|
Click [Apply] w:len AR A NN RRARNARAREARNAREARANRERNARARREARES
- L::er:ally Uz.r;braced Leng: =

I Do not consider
U Go to Design > Composite Design > Design Position - !
Design positions are the locations at which the Composite
Design will be performed.
2. Select all the composite girders.
Check Position> 1 & J

Click [Apply] o
| @ AddfReplace " Delete
Q0 Go to Design > Composite Design > Position for Design Check positon- —
Output cr oo
Position for Design Output are the locations for which the Ay | o |

detailed Design Report will be generated in Excel format.
3. Select elements 64.

ree Menu

Position > J —
. |PDSIh0I'IfDrDESIgnOLItput - J
Click [Close] N
- Option
4. Select elements 55. & AddRepoce (" Delete
POSitiOﬂ > I Position
Click [Apply] &1 C1ad .
Close

See the next page for
the Design and Output Position Overview
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

L. Input Design Information

Design Positions Model View

Element 64, Section 1-2; Positive Flexure

A

Element 55; Section G2-1; Negative Flexure

Positions for Design Output Model View
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05 Comp OSIte Glrder DGSIQ n Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

L. Input Design Information

Cgegel R... R.
[Shear Connector ~] . U Go to Design > Composite Design > Shear Connector
Option In this tutorial, the shear connectors will be provided
¢ AddReplace (" Delete throughout the girders.
4 E\?;j; ndperts( 8phave e sane 1. Select all the composite girders.
S P e 2. Check [Both end parts (i&j) have the same type]
category | B Category > C’ Pitch > 6.5in Height > 6in
et 55 Dia > 1in Fu > 60ksi
et [0 m Spacing Shear Connector > 8in;
_ _ (This spacing is the transverse spacing between two adjacent shear connectors.)
oe : " Num. of Shear Connectors > 4;
m ° ~EE (This is the number of shear connectors placed transversely in each row. So two
EIETIL S P AETITEE shear connectors are placed on each flange in each row.)
8 LT Length between Max. Moment and Zero Moment > 840 in
Num. of Shear Connector Select [Composite Continuous Span in Neg. Moment]
4 Click [Apply]

Length between Max. Moment
and Zero Moment

340 in
Morminal Shear Force
Calculation

Simple Span and
(" Mon-composite Continuous
Span in Meg. Moment

i Composite Continuous Spané
n Meg. Moment i

Apply Close
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Step

05

Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

L. Input Design Information

U Go to Design > Composite Design > Fatigue Parameters

U Go to Design > Composite Design > Design Tables >
Design Force/Moment

Select all the composite girders.

Check [Both end parts (i & j) have the same type You can check the design forces used for Composite

Design in this table. Refer to image 3-18.
Shear Connector > Category > C’

Shear Connector > (ADTT)SL > 1000 borenoy) ot
Elem Part Leom Dead(Before) Dead(After) Short Term Dead(Before) DeadiAfter) Short Term
S h ear Co n necto r> N (n / Cycl e ) > 1 (in*kips) {in*kips) (in“kips) (in*kips) (in“kips) (in*kips)
EN [ VL(max) 0.0000 0.0000 0.0167 0.0000 0.0000 0.1
1[1m ScLCB1(m 0.0139 0.0013 0.0293 0.02%6 01274 0.2!
Tree Menu 1]1m ScLCB1(mi -0.0139 0.0013 01081 -0.02%6 1274 0.0
CI . k A I 1]m 5cLCB2(m -0.0139 0.0013 0.0226 -0.02%6 01274 [X]
IC [ p p y] G Soee 1]m scLCB2(mi -0.0139 0.0013 -0.0834 -0.02%6 01274 0.0
1 sclCBA(m EXTE 0.0038 0.0167 00237 02371 01
11m sclCBa(mi 00111 00038 00618 00237 02371 0.0
|Fatigue Parameter _vj J 1@ VL (max) 0.0000 0.0000 9868 4236 0.0000 0.0000 1026}
1]d@ | scleeim 16426 1790 261401934 172697413 30751 216 2347 1796}
1]J@2 | sclcBiim 164261790 281401934 —4609.9791 3.0751 216.2347 2798.0
~ Option 11 [selcB2(m 16426 1790 281401934 13322 3719 3.0751 216.2347 1288
<[ % Design Force/Moment / |4
+ Add/Replace (" Delete . R
4_—\Demgn Force/ Moment,

Both end parts{i &j) have the same
]7 type

o

Category 1(3' -
@orms.  [woo
M{n/fcyde) ] 1
—Warping Stress Range -

o @i o

http://en.midasuser.com

Design Force/Moment Table

U Go to Design > Composite Design > Design

Perform Composite Design.
“Composite steel girder design has been successfully
completed”; this message in the message window
indicates the completion of Composite Design.
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Step

05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6" Edition

M. View Design Results

U Go to Design > Composite Design > Design Results Span Checking...
Table
This table shows the most critical members in positive and negative

Design Results Table has the following results in tabular flexure for each span. The advantage is that, just by looking at this
format: &8 span checing.. table you can notice all the spans which are failing in any check.

%ﬂ Total Checking...

5% | Strength Limit State(Flexure)... Records Activation Dialog > Choose the Spans as per Span

g g L Seeshean. Information and the condition of Positive/Negative;

CH| Fatigue Limit State.. Refer to “Records Activation Dialog” in the next page

8| Constructibility(Flexure)...

T SR The Span Checking Results Table is as shown in the “Span

g f::;;cucgl:zlei;;ener Checking Results Table” in the next page.

Total Checking...
U Go to Design > Composite Design > Excel Report

This table summarizes all the check results for each and every

Excel Report option generates a detailed MS Excel design element in a single table.

report for the design positions which were selected in

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

Refer to the second “Records Activation Dialog” in the next page.
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 the Total
Note: Any check which fails to satisfy the requisite condition Checking Results Table in the next page.

for Composite Design is in red and the CHECK is reported

to be NG(Not Good). Note: Span Checking and the Total Checking results are not

available in the Design Report.
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

M. View Design Results

[ = » Strength Limit(Flexure) Strength Limit(Shear) Service Limit Fatigue Limit
W Tahon i Span | oo t G Def
%] Records Activation Dialog 58 Negativel gem| part | Lcom | Mwhir | CHK| Elem| part [ Loom | vuvr | do | bt [t [ as | cH|Eem| part| Leom | e | tefRatio| thRatio | cik| Elem| part | Loom :"%m;gﬁs fcf Ratio
[Hement i Q'posmvemegaﬁve Neg 8| Jol| scLCB1| 08457 [OK | 12 J13][ sclcB1| 04985 0K [OK [OK [OK [OK 1| (]| sclcB4| - o.0000| 00000 [OK 1 1] | scLCBS 0.0000 | 0.0000
i G L1 |Pos 4| 51| sclCB1 | 03355 [OK | 12 JH3]| scLCB1| 04985 |0K [OK [OK [OK [OK 4| 5| sclees| - 02042 03858 0K 1 IM] | scLCES 0.0000 | 0.0000
Al ] None ] Inverse] Prev ] v Pas GL-2 | Neg 50| Ji52] | =cLCB1 | 08473 [OK | 54| J[56]| =clCB1| 04967 |[OK |OK [OK [OK [OK | 43|i44]|=scLce4| -| ooooo| 00000 [OK | 43| I44]| sclcee 0.0000 | 0.0000
| EE GL-2|Pos 46 | J[48] | scLCB1| 03352 |OK | 54| J[56] | scLCB1| 04967 |OK |OK |[OK |OK |OK | 46 [J48|sclcBS| -| 02942 0385 [OK | 43| I[44] | scLcBS 0.0000 | 0.0000
fpio. = ;’ G N-1 | Neg 26 | J[27] | scLCB1| 07537 [OK | 13| I13]| scLCB1| 05388 |OK |OK |[OK [OK [OK | 13[I13]| scLcB4| -| ooocoo| 00000 [OK | 13| I13]| scLcBS 03433 | 0.0000
r 5 1 G -1 | Pos 23| 23] | scLCB1| 03756 [OK | 13| I13]| scLCB1| 05388 |OK |[OK [OK [OK [OK | 23[123]|sclcBs| -| 03065 04196 0K | 13| [13]| scLCBS 03433 | 0.0000
: G M-2 | Neg 68 | J[70] | scLCB1 | 07559 |OK | 55| I56] | scLCB1| 05391 |OK |OK |OK |OK |OK | 55 |I[56] | scLCB4| -| 0.0000| 00000 |OK | 55| I56] | scLCBS 03451 | 0.0000
| =] G M-2 | Pos 65 | I66] | scLCB1 | 03755 |OK | 55| [56] | scLCB1| 05391 |OK |OK |OK |OK |OK | 85 |I[66] | scLCBS | -| 03064 04195 |0K | 55| I56] | scLCBS 03451 | 0.0000
" GR-1 | Neg 36 | I[36] | scLCB1 | 11455 |[NG | 31| I[31]| sclCB1| 05046 |OK |OK |OK |OK |OK | 31 |1I31] | scLCB4 —| o.0000| 00000 [OK | 31| I31]] scices 03533 | 0.0000
! GR-1 | Pos 39 | I[39]| scLCB1| 02779 |OK | 31| [31]| scLCB1| 05046 |OK |OK |OK |OK |OK | 38 |I39]| scLCBS| - | 0.1961 | 03125 |0K | 31| I31]| sclCB8 0.3533 | 0.0000
GR-2 | Neg 78 | U791 | scLCB1| 11475 [NG | 73| I74]| scLCB1| 05048 |[OK |OK [OK |[OK |OK | 73 [174]| scices —| ooooo| ooooo[ok | 73] 174 | scices 0.3559 | 0.0000
| &R-2[Fos 81| I82]| scLCB1 | 02776 [OK | 73| I74]| scLCE1| 05045 |OK [OK [OK [OK |[OK | &1 [I82]|sclcBS| -| 01961 03122[0K | 73| I74]| scLcBS 03558 | 0.0000
Span Checking Results Table
[ ok | cancel
Records Activation Dialog
Strength Strength Limit(Shear) Service Limit Fatigue Limit Constructibility(Flexure) Constructibility(]
Elem | pard Positive/ CHK : = = = el v : = = e Shear Longitudinal
Negative ; 20 = BEllE = 20 = = Connector| stiffener
= Leom  Muiphibin | Leom | Vu/phivaf bt | K  Leom | poyo | pasio | Ratio | “°°™| ta_f)Ratio| Ratio | ©5| Ratio | Ratio | Ratio | Ratip | = | Vu/phivn
0] Records Actwation Dislog [ [ JeNes OK |sclCB1| 0.8457 | scLCB1| 0.1765 | OK | OK | scLCB4 —[0.000 [ 0.000 | scL 0.7817 | 0.1684 | - = = = —[cs2| 01077 oK =
8 [ J)| Pos OK |sclCB1| 01474 scLCB1| 0.1765 | OK | OK | scLCBS ~ 00920161 | scL 0.7817 | 0.1684 | c5 | 0.000 | 0.178 | 0.085 [0.0000 [C52 | 0.1077 oK =
o = T— - - |9 ]1@ [ Neg OK |sclCB1| 0.1713 | scLCB1| 0.2385 | OK | OK | scLCB4 —|0.000 [ 0.000 | scL 0.2809 | 0.2274 | CS | 0.183 | 0.000 | 0.154 | 0.0000 | C53 | 0.1676 oK oK
Element | Part Mumber Positive /MNegative
9 [19] | Pos oK = —| scLcB1| 02385 | OK| OK = = = | scL 0.2809 | 0.2274 | C5 | 0.014 | 0.034 | 0.024 | 0.0000 | C53 | 0.1676 oK oK
all ] Nore | Inverse prev |JePart i [¥Pos 9 [J [Neg OK [sclCB1| 02395 scLCB1| 0.2967 | OK | OK | scLCB4 ~[0.000 [ 0000 scL 0.2435 | 0.2813 [ ¢S | 0.285 | 0.000 | 0.096 [0.0000 [CS3 | 02382 oK oK
[ Part j (¥ MNeg 8| J1 |Pos - - - - - - - - - - - - - - - - - B - - -
[ =l 084 0 1110 Neg OK |sclCB1| 02432 | sclCB1| 0.2997 | OK | OK | scLCB4 —|0.000 [ 0.000 | scL 02511 | 0.2842 | CS | 0.285 | 0.000 | 0.369 | 0.0000 | C53 | 02378 oK oK
r : | 0 [ 1110] Pos = = = = - = = = = = - = = - = = = = = = = = =
z 0 [ It [Neg OK |sclCB1| 03354 sclCB1| 0.3579 | OK | OK | scLCB4 —|0.000 [ 0.000 | scL 02510 | 0.3382 [ C5 | 0.421 | 0.000 | 0.105 [0.0000 [C53 | 03084 oK oK
] __] 0[J0 [Pos = = = = = = = = = = = = = = = = = = = = = = =
; 11111 | Neg OK |sclCB1| 03380 | scLCB1 | 0.3765 | OK | OK | scLCB4 —|0.000 [ 0.000 | scL 0.2565 | 0.3566 | C5 | 0.421 | 0.000 | 0.099 |0.0000 | C53 | 03105 oK oK
1[111] Pos - - - - - = = - - - - = - - = - - - = = - = -
1[I [Neg OK |sclCB1| 04852 | sclCB1| 04347 | OK | OK | scLCB4 —|0.000 [ 0.000 | scL 0.2725 | 0.4105 | CS | 0.594 | 0.000 | 0.194 | 0.0000 | CS3 | 0.3811 oK oK
1[I0 [Pos = = = = - = = = = = - = = - = = = = = = = = =
oK ] Cancel |
Records Activation Dialog Total Checking Results Table
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

M. View Design Results

mi ce s ] o[ e | o | [ i [ ] | ] ] % |0

=8 Strength Limit State(Flexure)... cgaiive (kips) | (ks | kips) | ks | s ciesiva)| |
1[0 [Neg | sciCB |- OK = = = - 20867 | 895.0588 = =

> 1[m [pes |- = - | = - - _ _ _ _ -

H H H 1]JI2 |Neg = = = = = = = = = - -
This table shows the Check results for Strength Limit State 1]Ji2] [Pos | sclCB [FZMIN_|OK | 19728495 | 27662 8624 | 3153350 | 25647.04 - -| 06154 [ 32244
in flexure as per Article 6.11.6.2. 20 Neg [ |- - - - - - - - -l -
2[[2] [Pos | sclCB |MY-WMAX|[OK | 19728.495 | 27662.8524 | 3173.087 | 25647.04 - | oe154 | 32244

2[J@ [Neg |- - - > 5 - - _ _ N -

. 2[JB] [Pos | sclCB |MY-MAX|[OK | 19268.266 | 27662 8624 | 5761.127 | 25048.74 - | 06154 | 32244

The Check Results Table for Strength Limit State(Flexure), 3 [ves |- |- |- - - - - - - T
is as shown in the im age on the ri ght. : 3[[341] :E:; :w,cha [.w.r.m; EJK 19259.97? 2?952.3521 575?.075_. 25&50.9T - - u.msf 3.2241
3|14 [Pos | sclCB |NMY-MAX[OK | 18874.827 | 27662.8624 | 7089.777 | 24667.40 - | oei54 | 32244

. . . agn 411 Neg - - = - - - - - - - -

The deS|gn report for Strength Limit State in Positive and 4[4 |Pos  |sclCB |MY-WAX|OK | 18974.927 | 27662 8624 | 7086 218 | 2466740 5 -| 06154 [ 32744
. . . 4]dE1 [Neg |- - - - - - - - - - -
Negatlve flexure is as shown in the next page. 4[J5] [Pos | sclCB |MY-MAX|[OK | 18837.943 | 27662 8624 | 8215205 | 24489.32 5 -| 08154 | 32742
5[5l |Meg |- - - - - = = = = = =

5|I5] [Pos | sclCB |NMY-MAX[OK | 18838.835 | 27662.8624 | 5213.092 | 24480.48 - | oei54 | 32244

Where, slien g |- 1. I - 2 S I S S -
5[J6] [Pos _ |sclCB |MY-MAX|OK | 18867.944 | 27662 8624 | 7915308 | 24528.32 - | 06154 | 32244

5 | 6] Neg - - - = o = - - - - -

Mv : vield moment 6 6] |Pos | sclCB | MY-MAX|OK | 18867.944 | 27662 8624 | 7918.897 | 24528.32 - -| 06154 | 32244
y-y . 6[Jm [mNeg |- - - - - - - - - - -
Mp s p/aStIC moment 6|JF |Pos scLCB [ MY-MAX| 0K | 19055.121 | 27662.8824 | T470.817 | 24771.65 - -| 06154 ] 3.2244
. 7|I7] |Neg - - - - - - - - = = =
Mu_' moment_ due to the faCt.O’- ed loads ) o ) 771 |Pos | sclCB |MY-MAX|[OK | 19055.134 | 27662.8624 | 7470.785 | 24771.67 - | 06154 | 32244
phiMn : nominal flexural resistance of a section multiplied by phi of 7]JE1 |Neg |sclCB | MY-MIN | OK - - - -[ 1130276 | 894 9661 - -
fl 7[JB] |Pos | scLCB |MY-MAX|[OK | 19404698 | 27662 8624 | 5684 984 | 25226.10 - -| 06154 | 32244
exure ] 8Bl |Neg  |scLCB | MY-MN |OK - - - - [112.8535 | 8949782 - -
fbu : largest value of the compressive stress throughout the 8]8) [Pos  [scLCB [MY-MAX|OK | 19404698 | 27662.8624 | 5678.260 | 25226.10 - -| 06154] 32244
. » . 8[JEl |Neg | scLCB [MY-MIN |OK = - = - | 756.9175 | 8949812 - =

unbraced length in the flange under condition, calculated without e T e e e e . 55t (3w

consideration of flange lateral bending Strength Limit State(Flexure) Results Table
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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05

Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

M. View Design Results

1I. Strength Limit State - Flexural Resistance IV. Strength Limit State - Flexural Resistance
1. Flexure "L Hexure
Lm_positive moment |
1) Design Forces and Stresses 1) Design Forces and Stresses
Loadcombination Nam scLCB1 Loadcombination Nam scLCB1
Loadcombination Type MY-MAX Loadcombination Type MY-MIN
M, (kips-in) v T —
Component - o M, (kips-in) Vu T
ke ¥ " 1 kips- Component ) S
: B e sum (kips) | (dpsn) . Steel (Moy) _ong-term (Mpz  Short-term Sum ikips) | (kipsin)
) Ty 414 4 AT40 54 4 14 0514 -
Forces | (+) 146.587 2571.86 34749549 33174827 {1 -142928 | -951.473 Forces () 4126587 3571864 | 21065760 20640492 | -123440 1344650
foo (ksi
Component s f.x (ksi)
Steel (Mzy) iong-term (Mgz  Short-term Sum Component i i
- Top 0.092 0037 0499 0244 Steel (M) iong-term (Mg Short-term sum
TE5SES y 0 0.0 ) )
Bot 0234 0131 1769 1666 Stresses Lo oF 0.092 0036 . D0sal 077
Bot -0.234 0144 -1.169 -1.258
2) Cross-section Proportions
@ Web Proporticns (AASHTO LRFD Bridge, 2012, 6.11.2.1) 2] Cross-section Proporticns
1 Web Proportions (AASHTO LRFD Bridge, 2012, 6.11.2.1)
= 1429034 = 180 11— — oK
= = 142934 -1 130 11111111 o OK
@ Flange Proportions (AASHTO LRFD Bridge, 2012, 6.11.2.2)
i _ 3.000 < S S T N N N ) ) A oK (@ Flange Proporticns (AASHTO LRFD Bridge, 2012, £.11.2.2)
2t; b
b - 18000 = o6 |- 13400 .. oK i 3000 — = N e oK
k=) 1500 |=| (W =) 0619 | | | | | | | || |~— oK b = 18000 = D/ - 13400 | | a. OK
t; | = 1500 = 11t, = 0619 | | | ] e 0K
3) Flexural Strength Limit State in positive flexure
» Section Classification [AASHTO LRFD Bridge, 2012, 6.11.6.2 o ) - .
Ection tiassmication : ridge ) ) @ Minimum Megative Flexure Concrete Deck Reinforcement (AASHTO LRFD Bridge, 2012, 6.10.1.7)
min { Fe, Fa Fod | = 35.000 ksi e OO ksio 0 | | e OK
D ALl= 27.940 = 0.01A = 23445 in?| ] e OK
N = 142934 = 13— - oK in which :
"' _ W ind
2-D | E As, = 2344500 in
T ~ = 0.000 = 376 i we23r oK
in which : ) 3) Flexural Strength Limit State in Megative flexure
D = 0.000 in = Section Classification (AASHTO LRFD Bridge, 2012 6.10.6.3)
N (Fe Fe = 35.000 = 700 ksi 0 e 0K

. Compact section.
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

Strength Limit State-Shear Resistance Design Report

V. Strength Limit State - Shear Resistance
.. Il. Shear I
= Strength Limit State(Shear)... m Max

1) Design Forces and Stresses
Loadcombination Mam scLCBL

M. View Design Results

This table shows the Check results for Strength Limit State in Shear as per osconbiaten e TN ________
i o (kips-in) / T, (ksi Vv, T
Art|C|e 6 1 093 Component Steel Long-term Short-term Sum (kips) (kips-in)
Forces (+] -4148.587 2571.864 16980.035 15405.312 | -178.413 (#3#ssess
imi H Stresses Top 0.092 -0.057 -0.244 -0.189
See the Check Results Table for Strength Limit State(Flexure) and the design Bot 55 St e S
report for Strength lelt State In POSItlve and Negatlve ﬂexure On thIS page 2) Shear Resistance (AASHTO LRFD Bridge, 2012, 6.10.9)

= Ratic of the shear-buckling resistance to the shear yield strength, C (AASHTO LRFD Bridge, 2012, 6.10.9.3.2)
shear-buckling coefficient of stiffened Webs

Where, 5
k =5+ (Ef = 13.978
Vu : shear due to the factored load ’
phiVn : nominal shear resistance multiplied by phi 112 ¢ Ek = 120533 < tD - 142034 < 140+ Ek - 150667
bt_lim1 : 2.0+(D/30) as per therefore, .
Eq. 6.10.11.1.2-1 ¢ o2 B o
bt_Ilim2 : 16tp as per tD - o

Eq. 6.10.11.1.2-2

bt Iim3 . bf74 as per » Nominal Resistance of Stiffened interior Webs (AASHTO LRFD Bridge, 2012, 6.10.9.3.2)

V, = 058F,-D-t,= 018074 kips
Eq. 6.10.11.1.2-2

Wu phivn | bt_lim1]| bt_lim2 | bt_lim3 bt It_lim It 7 = 2.500
bt : projected width of transverse Flem [ part | Leom | Tvpe [ O] gaps) | ips)] ) | o | [ | (e[ are
; ; 1[I [scLcB1 [FZ-MIN [OK | -168.9557 | 774.19 [ 0.3900 | 8.0000 | 17292 | 6.50 [0.0021 | 92535
stiffener as per Article 6.10.11.1.2 1 [J21 | scLcB1 [FZ-MIN [OK | -145.8676 | 874.51 | 0.3800 | 5.0000 | 0.3333 | 6.50 [ 0.0021 | 92535 |__
It_Iim J Iimiting moment of inertia 2@ [scLce|Fz-MN [ OK 1415195 | 87451 | 0.3900 | 8.0000 | 0.3333 | 650 |0.0021 | 92535 |, 1= 874513 kips
. 2[JE  |sclcBi [FZMIN [OK | -117.4314 | 87451 | 0.3000 | 8.0000 | 0.3333 | 6.50 |0.0021 [ 92535
of transverse stiffener 3|31 | scLcBt [Fz-MiN oK -98.9397 | 87451 | 0.3900 | 80000 | 03333 | 650 |0.0021 | 92535 @, -V, = 874513 kips e oK
It : Moment of Inertia of transverse 3[Ji41 [scLCB1|FZ-MIN [OK -74.8516 | 874.51 | 0.3900 | 2.0000 | 0.3333 | 6.50 | 0.0021 | 92535
, , 4|[4] |[scLcB1|Fz-MN [oOK -70.8014 | 874.51 | 0.3900 | 5.0000 | 0.3333 | 6.50 [0.0021 | 92535
stiffener as per Article 6.10.11.1.3 4 .|[[r31 scLCE1 [ FZ-MIN | OK —46.7133 | 874.51 | 0.3900 | B.0000 | 0.3333 | 6.50 [0.0021 | 92535
5|51 |sclcet [FZ-mA oK 32.8053 | 874.51 | 0.3900 | 5.0000 | 0.3333 | 6.50 [0.0021 | 92535
5[Ji6l | scLcBt [FZ-mA [OK 56.8934 | 874.51 | 0.3900 | 8.0000 | 0.3333| 6.50 [0.0021 | 92535
6|81 |scLcB1|[FZMA [OK 60.7537 | 874.51 | 0.3900 | 0000 | 0.3333 | 6.50 | 0.0021 | 92535
6 [J[ |scLeBl[Fz-MA [OK 84.3419 | 87451 | 0.3900 | 8.0000 | 0.3333] 6.50 [0.0021 | 92535
7[m  [scLeB1 [FZMA [OK 99.4312 | 87451 | 0.3900 | #0000 | 0.3333 | 6.50 | 0.0021 | 92535
7[JB  [scLcB1 [Fz-mA [ oK 123.5193 | 87451 | 0.3900 | 8.0000 | 0.3333 | 6.50 | 0.0021 | 92535
8|8 |scLCB1|[FZ-MA [OK 127.5966 | 874.51 | 0.3900 | 8.0000 | 0.3333 | 6.50 | 0.0021 | 92535
8 [JE [scLeB1 [FZ-MA [OK 154.3330 | 874.51 | 0.3900 | 8.0000 | 1.7292 | 6.50 | 0.0021 | 92535
9|8 [scLeB1[Fz-MA [OK 208.5582 | 874.51 | 0.3900 | 8.0000 | 17292 | 6.50 |0.0021 | 92535
9 [J[0] [scLeBl [FZ-MA [OK 250.4960 | 874.51 | 0.3900 | 3.0000 | 17292 | 6.50 [0.0021 | 92535

Strength Limit State(Shear) Results Table
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Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

M. View Design Results

VL Service Limit State
W Positive moment

Service Limit State

1) Design Forces and Stresses

Loadcombination Mam scLCBS
Loadcombination Type MY-MAX

Design Report . M, (kips-in) / 1. (ksi)
[g . .. - Steel Long-term Short-term Sum
Service Limit State... Forces t+) -3317 269 72261 25813951 22424420
- Tep 0.073 0.001 -0.371 -0.296
. . .. fesses Bot -0.187 -0.004 1.314 1123
This table shows the Check results for Service Limit State
as per Arhcle 6 1 042 2) Permanent deformation (AASHTO LRFD Bridge, 2012, 6.10.4.2)
= Compression Flange (AASHTO LRFD Bridge, 2012, 6.104.2.2)
f o= D296 ksi = 095R.Fys = | 33250 ksi | | | e oK
The Check Results Table for Service Limit State, is as
. . » Tension Flange (AASHTO LRFD Bridge, 2012, 6.10.4.2.2)
shown in the below image. foo 0 1123 ke = 0SSR - 3250k oK
in which :
. . . . . f: | = flange stress due to the Service I loads calculated without consideration of flange lateral bending
The design report for Service Limit State is as shown in F.»| = specfied minimum yield stength of a flange (k)
image on the right.
g g » check stress of the concrete deck
Compact composite section in positive flexure utilized in shored construction
Where, fim = -0O73 < 06f = 2400 ki | | e 0K
in which :
. : ML A 28646 ) | 0073 ke
fs : bending stress on web plate T-n 7.958 )
ferw : bending stress limit on web plate n = &/E = 7958
. Positive/ fc forw ftop ftop_lim foot foot_lim
fef : compress:on-ﬂange stress Blem | part | yegative [ LCOM | Typs | CHK | qocimny | (kipsivz)| tkipsitez) | ckipsitezy | gdpstinz) | (kips/iftez)
fcf_lim : limitation of comp.-flange stress il e - |- - - - - - -
. 0% - - - - - - - - -
fct : tension-flange stress TRl [Neg |- - - - - - - - -
T Y , 1[J@2] |Pos sclCBS | FZ-MIN | OK B | 5702517 | 4788.0000 | 719.4245 | 4788.0000
fct_lim : limitation of tension-flange stress =T ST . - . - - _
2[1A  |Fos scLCBS | MY-MA | OK - — | -570.8686 | 478B.0000 | 723.1830 | 4788.0000
2B [Neg = = - = - = = - =
2@ [Pos SCLCBS | MY-MA | OK = - | -1003.664 | 4788.0000 | 1302.5637 | 4788.0000
33 |Neg B B - Z _ B - . B
33 |Pos scLCBS | MY-MA | OK B | 1002220 | 47880000 | 1301.4214 | 47880000
3[JE] |Neg B B - Z _ B - . Z
3[JE] |Pos scLCBS | MY-MA | OK - | -1269.639 | 478B.0000 | 1611.6555 | 4788.0000
Service Limit State 4[4 |Neg = = = - - - - B -
Results Table 4[4 |Pos SCLCBS | MY-MA | OK = - | -1269.834 | 4788.0000 | 1612.8417 | 4788.0000
2[JBE] |Neg B B - Z _ B - . B
2[JE] |Pos scLCBS | MY-MA | OK B | 1408790 | 4788.0000 | 1847.0553 | 4788.0000
FIENLE B B - Z _ B - . Z
5[5 |Pos scLCBS | MY-MA | OK - | -1408.037 | 478B.0000 | 1846.4595 | 4788.0000
5| JE1 Neg - - - - - = = 5 -
5[JEl |Pos SCLCBS | MY-MA | OK - | -1376.011 | 4788.0000 | 1781.4682 | 4788.0000

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

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

fMI. Fatigue Limit State

Image 3-30. B Fati
i i ; e gue moment
M. VleW DeSlgn ReSUItS Fat’gue L”,mt 1) Design Forces and Stresses
State Design

Loadcombination Mam scLCBS

Report M, (kips-in) / f, (ksi)
Component LCE
Steel Long-term Short-term Sum
% Fatigue Limit State Top(Tens.) g -3317.269 72261} -18056.374 | -18056.374
TopiComp : 0.000 0.000 0,000 0.000
Forces Bot(Tens.) - 0.000 0.000 0.000 0.000
This table shows the Check results for Fatigue Limit State e —— e R e e
as per Article 6.10.5.1 and 6.10.5.3. stesses TOPLCOMP : 0.000 0.000 0.000 | 0,000
Bot(Tens.) - 0.000 0.000 0.000 0.000
BotiComp. : 0182 Z0.004 08987 <0808
The Check Results Table for Fatigue Limit State, is as L
shown in image 3-29. Component | Ve,
ips!
Shear Force -145479

The design report for Fatigue Limit State is as shown in

2) Load-Induced Fatigue (AASHTO LRFD Bridge, 2012, 6.6.1.2)

|mage 3_30 The stress from unfactored DL = 0.085 ksi (- : Compression)
The stress from fatige LCB = 0.216 ksi
Where, Check Load-Induced Fatigt [The stress from unfactored DL is the tensile stress.]
[ Ne T categornv | (ADTTI2  Number of stress (1]
Gamma(df) (dfyn u Ver 1.000
Lcom : Load combinations used in the calculation Blem | part| CHK] Leom | gipsinz) | gpsittiz) | “O™ | (kipssfto2) | (ipsifio2)
Y(Af) : Range of Fatigue Limit State » RN 11 oK |scicss 0.0038 | 1728.0000 | scLCBS | -20526.53 | 11148361 |plitude Fatigue Thresholds from Table 6612 74500 )
. . . 1 [J21 |OK [scLCB8 | 377.4479 | 1728.0000 | scLCBB | -17707.13 | 11148361
(Af)n : Nominal Fatigue Resistance 2|21 |OK |=clCBB | 3815312 | 1728.0000 | ScLCBS | -17157.62 | 111483.61
Vu : maximum shear elasticity stress 2[J@ [OK [sclcB2 | 7402026 | 1728.0000 |=cLCBS | 1433822 | 111483.61 |3 Constant-Amplitude Fatigue Thresholds
3|[3] |OK |=clCBS | 740.2027 | 1728.0000 | =cLCBB | -11983.62 | 11148361
on web plate . 3|J[4] |OK |sclCBB | 9395668 | 17280000 | ScLCBE | 9174219 | 11148361
Vcr : shear resistance value 44 |oK [scLces 9409324 | 1728.0000 | scLCB3 | -B657.103 | 111483.61
4|J5E] |OK |sclLCBS | 1196.6349 | 1723.0000 | scLCBS | -5837.701 | 11148367 | 2000 ks e oK
5[I5] |OK [scLCB8 | 11966343 | 1728.0000 | scLCBS | 4283.6930 | 11148361
5[JEl |OK [=cLCBS | 1259.4118 | 1728.0000 | =cLCBS | 7103.0847 | 11148361
5|6 |OK |=cLCBS | 12601682 | 1728.0000 | =cLCBB | 7595.3423 | 11148361
6 |JM |OK |=cLCBS | 1392.5071 | 1728.0000 | =cLCBB | 10414.743 | 11148361
7/m [OK [scLcB8 | 1392.5070 | 1728.0000 | scLCBS | 12274.543 | 11148361
7481 [OK |[scLcB8 | 1347.4031 | 1728.0000 | scLCBB | 15093.945 | 11148361
8|18 |OK |scLCB8 | 1345.8869 | 1728.0000 |scLCBS | 15612.498 | 11148361
8JE |OK |[scLCcB8 | 1350.7374 | 1728.0000 | scLCBB | 18769.263 | 11148361
99 |OK |=cLCBS | 4854053 | 1728.0000 | =cLCBB | 25346.116 | 11148361
9 |J[10]|OK |=cLCBS | 4207884 | 1728.0000 | =cLCBB | 31357.840 | 11148361
10 [[M10] |OK |=cLCBS | 433.9381 | 1728.0000 | =cLCBS | 31688.920 | 11148361
10 [J[11]|OK [scLCB8 | 433.7031 | 1728.0000 | scLCBS | 37700.644 | 11148361

Image 3-29. Fatigue Limit State Results Table
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Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

M. View Design Results M. View Design Results

% -
Constructability (Flexure)... =" Constructability (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.

See the images in this page and next page for the
Constructibility Check Results Table for flexure and the
design report for Constructability (Flexure).

See the images in the next page for the Constructibility
Check Results Table for shear and the design report for
Constructability (Shear).

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

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

phiVcr : shear-buckling resistance multiplied by phi

fdeck : concrete deck flexure ela StICIty ciem | part | P55 | coml cs | step| | Puw | pForw | foue phiFe fout phift fdeck phifr
i A Negative (kips/n2) | (ripsinzy | psiie2) | kipsimnz) | cipesmnz) | (ipsin2) | kipsiez) | kipsitnz)
phifr : concrete deck flexure elasticity limit state CEEE — . . . - - . . .
T[] |Neg  |sclCB|CS2 |2 |OK 0.0000 | 00000 2.0672 | 5030.0986 | 5181117 |5040.0000| 0.0000 |  0.0000
e - - - - - - - - - - -
1[12 |Pos  |sclCB|CS2 |2 |OK D.0000 | 00000 | 979.6640 | 5040.0000 | 616.9393 | 5039.9986|  0.0000 |  0.0000
AEEEE - N E _ _ _ - - . _ _
2|2l |Pos  |sclcB|CS2 |2 |OK D.0000 |  0.0000 | 979.6640 | 5040.0000 | 616.9393 | 5039.9986 |  0.0000 |  0.0000
AIEIE - - - - _ _ _ - - - _ _
Z[J3] |Pos | sclCB|CS2 |2 |OK 0.0000 |  0.0000 | 1476.9145 | 5040.0000 | 1077.6068 | 5039.9986 |  0.0000 |  0.0000
ERE - - - - - - - - - - -
3[I3] |Pos  |sclCB|CS2 |2 |OK D.0000 |  0.0000 | 1671.6361 | 5040.0000 | 1075.9831 | 5039.9998 |  0.0000 |  0.0000
31 |- - N E _ _ . - . _ _ _
3[14 |Pos  |sclCB|C52 |2 |OK D.0000 | 0.0000 | 1820.3907 | 5040.0000 | 1371.3733 | 5039.9998 | 0.0000 |  0.0000
e |- - - |- - - - - N N - - -
Z[I4 |Pos  |sclCB|CS2 |2 |OK 0.0000 |  0.0000 | 1820.7744 | 5040.0000 | 1371.3733 | 5039.9998 |  0.0000 |  0.0000
TE |- - - - - - - - - - - -
Constructabilty (Flexure) ; f{;} Pos  |sclCB|CS2 |2 |OK D.0000 |  0.0000 | 2046.0532 | 5040.0000 | 1508.5145 | 5039.9999 | 0.0000 |  0.0000
Results Table 5(I5]  |Pos  |sclCB|C52 |2 |OK D.0000 |  0.0000 | 1993.7932 | 5040.0000 | 1507.6210 | 5040.0000 | 0.0000 |  0.0000
518 |- - - - - - - - N N - - -
5[l |Pos  |sclCB|CS2 |2 |OK 0.0000 | 0.0000 | 1890.7591 | 5040.0000 | 1478.4785 | 5040.0000|  0.0000 |  0.0000
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

M. View Design Results

VII. Constructibility

Wu phiver
[l. Flexure I |'2. Shear I Elem part | Lcom| CS | Step| CHEK (kips} (kips)
HW Megative moment B Max 1)1 sclC |CS2 |2 |OK |-99.065 | 774.1918
i _ : 1[J21  |sclC [CS2 |2 |OK | -76.610 | 774.1918
1) Design Forces and Stresses 1) Design Forces 2 [ sclC [CSz |2 |oK [-76.610 | 774.1918
Construction Stage C52 . _
Consucon Siages3 /e ol S e
Step - sc -53. L
P | iosin) /T (e Step - 2 3[J4 |[scc[csz |2 [ox [-30.883| 7741918
Component i (kips-in) / . T V. (kips) 414 |sclC |CS2 |2 |OK | -30.688 | 774.1918
Steel Section Only| (kips-in) Component S 4[J5 |sclc |cS2 |2 |OK | -B.2326 | 774.1918
Force | () | -24226614 | -4382 Steel Section Only : IJ[[S‘:] aeic oz 7ok |46 365z Trdcisia
Force -89.154 sc : :
Stress | Top 6.242 ) 6|6 |sclC [C52 |2 |OK | 153632 7741918
() Bot -4.040 8|J7A1 |sclc [csz |2 [oK |37.8190] 7741918
2) Shear requirement for webs (AASHTO LRFD Bridge, 2012, 6.10.3.3) TIW  [sclC|CS2 |2 |OK |38.4327 | 774.1918

2) Check slenderness of web (AASHTO LRFD Bridge, 2012, 6.10.6.2.3-1) » Ratio of the shear-buckling resistance to the shear yield strength, C (AASHTO LRFD Bridge, 2012, 6.109.2  Constructability (Shear)

5. D ) i . P—— Results Table
- © _ 126834 - 57y FE, - 14074 ompact or shear-buckling coefficient of stiffened Webs
" ¥ 5
in which : k' =5+ dp , = 13.978
D. = 35616 in ( o/
3) Discretely Braced Flanges in Compressicn (AASHTO LRFD Bridge, 2012, 6.10.3.2.1) £k D Bk
@ Check flangs nominal yielding (6.11.3.2-3) 112+ — = 120533 =« = 142934 | = 140 — = 150667
£, = 4940 < @Ry Fe-a = 35.000 kips Fyw t Fyw
in which : therE'u:-rre-,
¢ = 1000 cl -2 Ek_ 0.843
R, = 1.000 D Frw
, 1, t,
al=v¥|1-3 ¢ ¥ = 100000
F-:-{
in Which : » Nominal Resistance of Unstiffened interior Webs or End pannel
T ) y ;
. 0000 ki V, = 058F, -D-t,= 0918074 kips
2-Agt V, = Vo, = C-V, = 774192 kips
Check A I . in which :
@ Check flexural resistance .. . . .
- 2940 . o = 6216 i C = ratic of the shear-buckling resistance to the shear yield strength
] = = 0.843
in which :
o = 1.000
_ E. v, = | -92.015 = @ -Ve = ©-V, = 774192 kipp e oK
i asekink -

Constructability-Flexure Design Report » .
Constructability-Shear Design Report
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

X Shear Connertors

M. View Design Results E'e”_"?”‘ 7 -
ostton = Fatigue Limit State

Loadcombination Nam scLCBS Design Report

8 Shear Connector...

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

H_ i - 4000 1
This table shows the Shear Connector Check results for [al-L e o D oK
Fatigue Limit State and Strength Limit State as per AT =T 6000 i |(eight of st

1.000 in (diameter of stud)

Article 6.10.10.2 and 6.10.10.4 respectively. d
mdPitch (AASHTO LRED Bridae 2012 510101.2)

The Check Results Table for Shear Connector and the 1) Shear Fatigue Resistance (AASHTO LRFD Bridge, 2012, 6.10.10.2)
. . RO = oo0 Shear Connector Design Report
design report for Shear Connector are as shown in the Z =55 - 5500 kps I
. th . ht in which - 5. Strength Limit State
ImageS on e I'Ig . q = 1.000 in | (Diameter of stud) 1) Factored Shear Resistance of a single shear connector (AASHTO LRFD Bridge, 2012, 6.1[:-.1[:-.:’-.1]'
: —————— Quew = 05AY (0 EJ = 27412 kips
ADTT)e = 1000.000  (Article 3.6.1.4.2) T har 47124 s
- Q= MinQe Q = 47124 ki
Where’ 2) Pitch (AASHTO LRFD Bridge, 2012, 6.10.10.1.2) ol < ;n;nz ) T 20055 k:§§
Puw = 5.000 E N2 _ geesess inwhich:
H/D : Height to Diameter Ratio ( > 4.0) —L_L Y &= 4000 ks
. , ) L : E. = 3644147 ksi
(H/D)lim : Height to Diameter Ratio Limit Value(=4.0) T aloT o7ss
p : Pitch Vo o= [(Vid®+ (P = 0390 kip/ir F. = 60.000 ksi
p_lim1 : Pitch Limit Value ->nZI/(Vsr) T N e oA I e
- . . . fat = LUUL KIpAIin (radial Tatigue shear
p_lim2 : Pitch Limit Value -> 4*d [ - #eesgzs ¢ (moment of inertia ¢ 2) Nominal Shear Force (Positive Flexure, AASHTO LRFD Bridge, 2012, 6.10.104.2)
s : shear connector spacing(Transverse Cross Section) Q = 6931828 in® (first moment of the 'EC‘m‘”a'Czh;af Fb”‘i e
T . . _ about the neutral axi i = 0.85%-b.- = 800 kips
edge : distance of the top compression flange edge_lim (=1.0 Vi~ 7L110 kpe  ertical shearforcet P = oDt it Ficbe = 7830386 kps
m) = min Py, Pag) = 7830.386 kips
B . Fa o= 0.000 kips
Cover : Value of Cover (> 2.0 in) AP o= VPV = 7830386 kips
1 ; 1 HiD | (HDi fim1 im2 | ed edge_li| c Penetr
Penetration : The depth of penetration of the shear com | part | Loom | Type | cuc [ #R | NI e edmtf o fpna] cdge edve il cover| Fenetr]
connector(>2.0in) 1] |sclCB |- OK | 0.5000 | 0.3333 | 0.4167 | 1.0334 | 0.6867 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 198.0(
n : number of shear connectors in each row transversely 1[J2) |sclcB |- OK | 0.5000 | 0.3333 | 0.4167 | 2.0668 | 0.6667 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 99.00(
R - Total b fsh red 2[2]  |sclcB|- OK | 0.5000 | 0.3333 | 0.4167 | 1.0865 | 0.6667 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 99.00(
n_Req : Total number of shear connectors require 2[JE [selcB|- OK  |0.5000 | 0.3333 | 0.4167 [ 2.1731| 0.6667 | 0.3333 | 0.0000 | 0.0233 | 0.5417 | 0.2500 | 4.0000 | 99.001
3[B  [sclcs |- OK  [0.5000 | 0.3333 | 0.4167 | 1.3277 | 0.6667 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 99.00¢
3[Je] |sclcB |- OK | 0.5000 | 0.3333 | 0.4167 | 2.6555 | 0.6867 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 93.00(
4[I4] |sclCB|- OK | 0.5000 | 0.3333 | 0.4167 | 1.3709 | 0.6667 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 99.00(
4[JE]  |sclCB|- OK | 0.5000 | 0.3333 | 0.4167 | 2.7419 | 0.6667 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 99.00(
AEEEIE OK  [0.5000 | 0.3333 | 0.4167 | 1.4193 | 0.6667 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 99.00(
5[JB] |sclCB |- OK | 0.5000 | 0.3333 | 0.4167 | 2.8387 | 0.6867 | 0.3333 | 0.0000 | 0.0833 | 0.5417 | 0.2500 | 4.0000 | 93.00(

Shear Connector Results Table
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05 Composite Girder Design

Steel Composite Tub girder design as per AASHTO LRFD 2012, 6t Edition

M. View Design Results

X. stiffeners
i3 Longitudinal Stiffener... L. Longitudinal Stiffeners
Element 17
Paosition J

This table shows the Check results for Longitudinal Stiffener

as per Art|C|e 6 11 11 2 1) Lengitudinal Stiffeners (AASHTO LRFD Bridge, 2012, 6.11.11.2)
o (@ Projecting Width (AASHTO LRFD Bridge, 2012, 6.11.11.2-1)

E
[ 42720 = J48 1, '.F— = 118548 I — e 0K

In this tutorial, longitudinal stiffener is not entered. Once the L

user enters the longitudinal stiffener in Section Properties T Ty r e ongituding! stfenen
dialog box, The design report for Longitudinal Stiffener is as Fel = 35000 ksi

shown on the right.

@ Moement of Inertia (AASHTO LRFD Bridge, 2012, 6.11.11.2-2)

I, = ZZsEssss = W 13{: = #EEEEsEE s oK
Where, —
in which :
L © Moment of inertia of 2 longitudinal web stiffener (in)

bl : Projected width k = 4000 in (plate buckling cosfficient for uniform normal stress, 1.0 = k = 4.0)

bl lim : Limit ofprojected width W/ = 0.000 in (larger cf the width of the flange between longitudinal flange stiffeners)

/ '_M ’ t of inerti £ ti nl= 1.000 (number of equally spaced lengitudinal flange stiffeners)

. om(.an. or Inertia o CFO.SS-S.GC on . - 0125k = 8000 (forn=1)

I_lim : L.Imlt of moment of inertia of cross-section Long. Stiffener Design Report

r : Turning Radius

r lim : Limit of turning radi bl bi_lim I I_lim ro | rlimt fs phiRhFys

fs - Hori t c; tu.ff g ag us lastic Flem | part | Leom | Type| CHK| iy | ) [ ony | oy [ o | w0 | spsimed) | s

s . Horizonta S?’ eners _exure eaStICIty o 9 [19] = = oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000

pthths : Horizontal stiffeners flexure e/ast/C/ty a0 |- = oK 35600 | 9.8790 | 246,535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
DE - oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
10 [Jp |- = oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
TR - oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
HEE - oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
[HBEE = oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
[HIETE - oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
13131 |- = oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
13n4 |- - oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 [ 0.0000 0.0000 0.0000
14 |- - oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000
14 (s |- = oK 3.5600 | 9.8790 | 246.535 | 0.0527 | 0.0000 | 0.0000 0.0000 0.0000

Long. Stiffener Result Table
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