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Chapter 2.
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Steel composite girder needs to be designed to satisfy the following limit states.

(—[ Composite I-girder bridge %

Check Strength Limit State
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Check Constructability
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Check Shear Connectar
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Check Longitudinal Stiffener
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Chapter2. Steel Composite Girder DesigAASHTQ.RFIO™" (2016)

Introduction

1. AASHTO LRFB $teel Composite

1.1 Check List of AASHTO LRIE5teel Composite
For AASHTO LRE®Steel Composite Design, Limit State Design is applied. The criteria th
Composite Section must follow for Limit State Design is as follows.

(1) CrossSection Proportion Limit State

Review on section properties, e.g. widthickness ratio

(2) Strength Limit State
Review orflexure strength, shear strength and torsional strength

(3) Service Limit State
Review orpermanentdeformation

(4) Construdbility
Review on shear and flexure occurring from load combinations during construction ste
(5) Fatigue Limit State

Review on fatigue in steel and concrete materials in Steel Composite girder

1.2 Classification of Steel Composite
Steel Composite section can be categorized by the following classification groups.

(1) Section Shape Type
There are three main section shape types in midas Civil; I, Box and Tub shapes. In th
box and tub sections, there are two more cases, single or multiple box section.

[Table2.1] Section Shape Type

(2) Moment Type : Positive / Negative
For continuous beams, negative moments may occur aronteior supports. Design co
may apply different formulas for these cases.
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(3) Bridge Type : Straight / Curved
Basedon the horizontal alignment of a bridge, it can be classified as either strai
curved. The programrecognizes curved bridges based on the input of the girder radi
each component.

. Compact Type
(4) Compact Type : Caact / Noncompact / Slender P L

62)

[Table22] Steel Section Classification

Type Description

A composite section in positive flexure, which satisfies specific ste
grade, web slenderness, and ductility requirements, is capatble

Compact developing a nominal resistance exceeding the moment at first yie
but not to exceed the plastic moment.
A composite section in positive flexure for which the nominal
Noncompact

resistance is not permitted to exceed the moment at first yield.

CrossSection of a Compression member composed of f
Slender components of sufficient slenderness such that local buckling ir
elastic range will occur.

1.3 Stiffeners of Steel Composite
The program considers transverse and longitudinal stiffeners.

[Table23] Types of Stiffeners

Type Description

Transverse stiffeners are usually provided to increase shear resistai
tensionfield action These work as anchors for the tensiortisat post
Transverse buckling shear resistance can be develaped

Stiffeners
It should be noted that elastic web shear buckling cannot be preven
by transverse stiffeners.
Longitudinaktiffeners may be provided to increase flexural resistanc
by preventing local buckling. These work as restraining boundaries

L compression elements so that inelastic flexural buckling stress can
Longitudinal .
> developed in a web.
Stiffeners

It consists of either a plateelded longitudinally to one side of the we
or a bolted angle.

Longitudinal ~ T
Stiffener

Transverse
Stiffener

[Fig.2.1] Longitudinal Stiffener and Transverse Stiffener
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2. Considerations Steel Composite Design

2.1 Construction Stage for steel composite

During the construction of a steel composite brid¢jee steel girder is constructed before 1
construction of the concrete deck of the upper part of the structuree steel composite secti
is divided into three major steps.

[Table2.4] Constructiont&e for Steel Composite Section
Construction stage
for steel composite sectic

Description

Only Steel Girder Only the steel girder has bes

(non-compositg constructed.
Steel girder and Although the concrete deck has be |
concrete deck constructed, it has not hardened y¢
as load Therefore, the weight of thewet
(noncomposite) concreteis applied as a load conditiol
After concrete is hardened, tt | IIT |

Steel girder and
concrete deck
as member
(composite)

strength and stiffness are forme
Hereafterthe steel girder and concret
deck work as a complete compos
section.

In order to find and portray the Steel Composite Section Design Process within the progran
the Construction Stage function.

2.2 Time Dependent Material

Steel composite section is composedteisand concrete. Concrete is a time dependeraterid
and transforms due to creep and shrinkagdso,the restraints imposed by the shear connec
cause additional stressegthin the composite sectionTherefore, time dependent characteris
(creep and shrinkage) must be taken into consideratio

Modular ratio is the ratio of modulus of elasticity of steel to that of concratee shoriterm
modular ratio "n" is used for transient loads in the progrdrongterm modular ratio "3n" is use
for permanent loadscting after composite actior-ornormakweight concrete AASHTQ.RFD €
recommend the values of the sheteérm modular ratio.

3. Calculation of Plastic Moment and Yield Moment

The plastic moment Mfor a composite section is defined as the moment that causes yielc
steel section and reinforcemerand uniform stress distribution of 0.85 in compression conc
slab. In positive flexure regions, the contribution of reinforcement in concreteiskinall and c¢
be neglected.

The yield moment, Mfor a composite section is defined as the moment that causes thi
yielding in one of the steel flanges the moment at which an outer fiber first attans the yi
stress Myis the sum of the momnts applied to thepre-composite steel sectigrthe shortterm
compositeconcrete and steedection, and the longerm compositeconcrete and steedection.
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3.1 Plastic Moment(M), Yield Moment( M) in Positive Flexure

(1) Cross section proportions

| setion and Box/Tub steel composite sections must satisfy the following criteria reg
cross sectiomproportions. If the conditions have not been met after the design has |
O2YLX SGSRZ Al &Aft bnthe8esignyfeRdrtQenérBerr | & Iy

1) WebProportions
[Table 2.5] Web Proportions

Case Condition \éVEB )
or | section
D AASHTQRFD 16
. - . Y (6.10.2.1.11)
Web with longitudinal stiffener : ¢150 e
W
) ) ) ) D For Box/Tub Section
Web without longitudinal stiffener — ¢ 300 AASHTQRFD 16
Ly (6.11.2.1.21)
(6.11.2.1.31)
2) FlangeProportions
[Table 2.6] Flange Proportions
Section Type
I Box /Tub
b Flange
f For | section
2t_ ¢120 b AASHTQRFD 16
f " ¢120 (6.10.2.21)
D 2t (6.10.2.22)
2 f
b, 2 — (6.10.2.23)
6 b, 2 D (6.10.2.24)
2 f o a
tf 11tw 6 For Box/Tub Section
| tf 2 1.1t AASHTQRFD 16
yc w (6.11.2.21)
0.1¢ | ¢10 (6.11.2.22)
yt (6.11.2.23)

Where,
lyc : moment of inertia of the compression flange of the steel section about the vertical a
plane of the web

Iyt : moment of inertia of the tension flange of the steel section about the vertical axis in the
the web

— _fc—1c =
. = C = 2.1)
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(2) Section Classification
Section Qassification of Positive Hexure Moment

6.10.6.2
Ye Sraight Bridge?
min( F,.,F,) ¢ 70.0ksi No
d/t ¢ 150 :Qurved Bridge
D
—=L ¢ 3.76 E. No
t ye
|
Yes
v 3
Compact Section Noncompact Section

[Fig.2.2] Section Classification of Negative Positive Moment
Where,
‘O : depth of the web in compression at gihesticmoment determined as pArticle D6.3.2

The Section Classifications of I, Box, Tub are all the same.
In a positive moment, the following ductility conditions must be met at all times. If nc
program willshowNG.

D, ¢ 042D, (2.2)

Where,

‘O : Distance from the top of the concrete deck to the neutral axis of the composite section at t
moment

‘O : Total depthof the composite section

(3) Plastic Momentin Positive MomentNp)
If the positive moment is applied on a compact sectidnshould be calculated as showr
Table 2.7.

b
PHA

by CASE | CASE |1 CASE [11=VII

[Fig.2.3] Case of callation of Mp in positive momen

(-l
aa
IR
ras

Section Classificatior

AASHTQRFD 16
(6.10.6.2)

Ductility
AASHTQRFD 16
(6.10.7.3)

Plastic Moment
AASHTQRFD 16
(D6.1)
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[Table 2.7] Calculation aj and M,for section in Positive Flexure

M, for section

Caste PNA Condition
F)t + |:>w
8 InWeb 2 R+R +R, +R,
3 InTop R +R,+FR

flange 2 P+ Ry, + P,

Concrete 3¢
Z Deck, 2g@PER+R, R,
Belowh, C's +

Concrete

Z Deck, , 4Cy Q
= &+ P

Concrete R + R, + R+ B,

. Deck &
' ac. 0
A Above R, 2 —”8P
Below R Cls +
R+R, +R +R, +F,
Concrete -
a Deck, , 4C, Q
at P 835
Gl =
+R, +R +R, +F,
Concrete -
E Deck, ac, 9Q
Above R < % 8PS
¢l =

9 and M in Positive
p Flexure

o AASHTQRFD 16
v-2PGR-R-R-R-FR 4 (Table D6.41)

(;2— PW

8 +(t- V)7

+[Psds+|3rdr +F)rbdrb+Pwdw+Rdt]

9 (O JIN0) 0O 0 O 0

R 0 P

aP Q-2
M :%CgY +(t- V)]

CTe ™
+[Psd +B d +F)rbdrb+Pwdw+Rdt]
9 . 0 O 0O O 0

0

S—2 o~
v 2°R8

e 2t 0

g s =
+[P,d,, +P,d,, +Pd.+PR,d, +PRd,]
?:Crb

22t
g S
Y_(t)gpc PW+R-Rt+RbS
s
e Ps u
92 =~
M= PR3
X2t 0
¢ ° =
+[P,d, + P,d, + Pd, +P,d, +Pd,]
VZCV‘

e 2t
g S
&P, +P.+P,+P +P, g
Y (t)e rb nl\,l
R U
) ~
v &°r.8
xe2t O
g s =
+[P.d, +P,d,, + Pd, +PR,d, + Rd,]
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Where,

‘Q : Distance from the plastic neutral axis to the centerline of the top layer of longitudinal c
deck.

‘Q : Distance from the plastic neutral axis to the centerline of the bottom layer of longitudinal ¢
deck.

‘Q : Distance from the plastic neutral axis to the midthickness of the tension flange.

‘Q : Distance from the plastic neutral axis to middepf the web.

‘Q : Distance from the plastic neutral axis to midthickness of the compression flange.
‘Q : Distance from the plastic neutral axis to midthickness of the concrete deck.

0 "06 (by reinforcement)

0 "0 (by reinforcement)

0 wo o (by steel girder)

0 1060 (by steel girder)

0 o0 (by steel girder)

0 T UQ ®o (by concrete slab)

(4) Yield Moment in Positive Momeniti)
When apositive moment is applied on a compact sectidy, is calculated as shown
Equation 2.3.

=Mi My
M, =Min(M ., M 5 (23)  pasHTarFD 16
(D6.2.2)
Where,

Mytop: Yield Moment of Top Flange
Mygot : Yield Moment of Bottom Flange

Fy
F = MDl + MDZ + MAD AASHTQRFD 16
Y S S S, (Eq. D6.2.2)
op op(3n) op(n) (2.4)
M_ytop
Myrop = Mpy +Mp, +M 45 AASHTQRFD 16
(Eq. D6.2.2)
F = MD1+ Moz + MAD
y (2.5)
SBot SBot(3n) SBot(n)
MyBot = MD1+MD2 +MAD
Where,

3: Noncompositesection modulus

3 : Longtermcomposite section modulus

3 : Shortterm composite section modulus

- : Moment olhoncompositesection

- :Moment of longerm composite section

: Additional yield moment of shetérm composite section

Chapter 2Steel Composite Girder DesigAASHTO LRFEN72016)
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3.2 Plastic MomentMy), Yield Moment(My) in Negative Flexure
For | sections in negative flexure, hd M, are calculated.

(1) Cross Section Proportions

For negative flexure, cross section proportions must meet the following requirements

program does not meet the requirements, N8l be reported after the design.
1) WebProportions
[Table 2.8] Web Proportions

Case Condition
. o D
Web withlongitudinal stiffeners —¢150
w
_ o _ D
Web withoutlongitudinal stiffeners — ¢ 300
'\

2) Flangroportions
[Table 2.9] FlangBroportions

Section Type : |/ Box / Tub

b
—¢120
2t

b, 2
t, 21

b
6
At

I
01¢-*X¢10
|y

(2) Section Classification

Section Classification of Negative Flexure Moment
6.10.6.2.3

Straight Bridge?
No

:Curved Bridge

min( F. .F,)=70 0ks

2D 54 | E
t, F..

I,./1,203

Noncompact
Section

Yes

.

h 4

Compact or Noncompact
Section

Slender Setion

End

[Fig.2.4] Section Classification of NegafilexureMoment
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Where,

'O d,Depth of the web in compression in the elastic range.

lyc : moment of inertia of the compression flange of the steel section about the vertical axis in 1
of the web

Iyt : moment of inertia of the tension flange of the steel section about the vertical axis in the pla
web

Minimum Negative Flexure Concrete Deck Reinforcement

Under negative moment, concrete deck has to meet the minimum rebar ratio require
Once the requirements of Equation 2.6 are satisfied, the next design step can be take

As 2 O'Olpﬁeck (2-6)

(3) Plastic Moment in Negative MomeniAy)
Under negative momeni, is only calculated wheAppendixA6 is usedM, is calculated t
either of the two following methods. Please refer to Table 2.10 for the equations.

S . _
D = Ed=-r £ F3, «{E3H
e — — — I PHA —
i - _.— =
. T
: — m— R m— m— s
L]
. CASE | CASE 11 CASE 111-vI1
[Fig.2.5] Case of calculation of Mp in Negative Moment
[Table 2.10] Calculation aj andM)pfor section in Negative Flexure
Case PNA Condition 9 and M
$ 0 0 0 O
9 - P
G 0
8\ PP RERL R o .
- —.9 9
N iy i
0OA O0A 0A OA
9 00 0 0 O
< 0 P
InNTop b ,p 1 p2p +p
8 ﬂange c+ W+ t rb + rt 0 ~
- — O 9
c . . .
0OA O0A 0A O0A
Where,
0 "0 b (by reinforcement)
0 06 (by reinforcement)
0 "Omod (by steel girder)
0 'O 0o (by steel girder)
0 "O®od (by steel girder)

(4) Yield Moment in Negative MomerI{)
When AppendixA6 is used for negative flexurly is calculated and utilizedyis calculate
as shown below in Equation 2.7.

Plastic Moment
AASHTQRFD 16
(D6.1)

Mp for section in
Negative Flexure
AASHTQRFD 16
(Table D6.22)

My in Negative
Moment
AASHTQRFD 16
(D6.2.3)
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M y = Mln(M yTop! M yBot)
Where,

MyTop: Yield Moment of Top Flange
Mygot : Yield Moment of Bottom Flange

(2.7)

M M M
Fy = D1 4 D2 AD (2.8)
Srop Srop(R) Srop(R)
MyTop: MD1+MD2 +MAD

(2.9)
f Mo, Mo, | My

Seot SBot(R) SBot(R) (2.10)
MyBot =Mp +Mp, +M (2.11)

Where,

3 : Longterm composite sectianodulus with longitudinal reinforcements
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Chapter2. Steel Composite Girder DesigAASHTQ.RFIO*" (2016)

Modeling and Design
Variables

1. Modeling Design Variables

In this chapter, the design variable values, the meaning behind the design requireaahthe design process for Steel
Composite Design in midas Civil are explained.

1.1. Composite Section Data

The steel composite section is mainly composed of steel girder and concrete slab. Stiffeners can be added to steel girder
section while longitudinal reinforcement can be added to reinforce concrete slab. In this section, the input methods for
these sectios and the meaning and application of design variables are explained.

Contents Explanation
1.1.1 Composite Section 1.1.1 Composite Section
(1) Composite Section Data (1) Composite Section Data

1) Section Type
Steell (Typel) is used to define the secti
symmetric about weak axis, while Sté¢lType2)

Properties > Section > Section Properties> A
Composite Tab

Section Dat: X . . .
e is for the asymmetric section. The st
Douser Composie | composite secton should be defined using St
| (Typeljn orderto apply design functions.
Section ID |6 | Mame |"“‘P
ary _
[secton Type: [steekt rypen 7] 2) The value of; for the slab is used as tt
Siab effective width of the concretslah
‘Bc 100.5 in |[:L)-2]
tc 7.5 in
o [2 in 3) Multiple Modulus of Elasticity Option
i To design the steel composite sectiothe
i o n modulus of elasticity for shoterm and long
o = EN term effect in creep and shrinkaganbe input.
Bfl o B2 |0 in .. . . .
1 2 n The nodulus of elasticity input here is applie
BB 0 B O 2 (@ for construction stage analysis of St
| S | Composite section as shown[ifig.2.7.
Material Material
e e Select Material from DB ... Select Material from DB ... |
o= :3 e I ZoplEs JHREEElL oy | I :razrlti;Tlf'lrc)n;ulus Ratio
Ps 3 .
FEM Equation Ts/Tc 1 Fe 1)-3) Ps 0.3 Pc [0.18
[ Multiple Modulus of Elasticity [ Multiple Modulus of Elasticity
Es/Ec (Creep) Es/Ec (Creep) 0 5 Long-Term
Offset: Center-Top Es/Ec (Shrinkage) o Es/Ec (Shrinkage) I Elastic Modulus Ratio
Change Offset ... Consider Shear Deformation.
WG ey E P B [Fig.2.7] Elastic Modulus ratio for Construction Stag
Show Calculation Results. .. Cancel Apply

[Fig.2.6] Section Data DialBgx
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Contents

(2) Section Stiffener

Properties > Section > Section Properties> Add
> Composite Tab > Stiffeners Button...

Section Stiffener . E [=x=]
Stifiener Properties
Name [stiftener_typel (2)-1)
|Typ5 |Flat ﬂ|
H 5 in
B B in
Add | Modify | Delete |
Name [Type I
stiffener_typel Flat
Sifiener
Posifon & Both  © Left ¢ Right )-2)
[neen =1 F = = [
c||dqn | stffener |« | | dgin) | Stiffener | ~ cl d(m;l Sllﬂenerl‘ nl d(m',l SUHenerl‘
T 50 | stiffen o 50 | stiffien
T 30 | stiffen o 30 | stiffen
(2)-3)
Cance

[Fig.2.8] Section Stiffener Dialog Box

1.1.2 Longitudinal Reinforcement
Design > Composite Desighongitudinal
Reinforcement ...

o C Lef-Bomom

S

ERGEATT i

Al Mogify Dslets
i A

CRETAT ] e

Aoy Close.

Explanation

(2) Section Stiffener (Longitudinal)
1) Types of longitudinaktiffeners that are
useable are Flat, Tee, andRib.
2) For | sections, stiffeners can be added
either side of the web. For Box/Tub sectio
upper and lower flanges can be instaliasiwell
as the web panel
3) When the check box under ¢ column
checkedon, the stiffness value of the stiffener
considered inanalysis Otherwise, the value |
not considered for analysis Regardless ¢
whether or not the check box is checked on
off, longitudinal stiffeners are considered
design.
Based on the assignment of longitudinal
stiffener,Rb, web load shedding factor varies
stiffened web/unstiffened web It is also
required for classifying the interior panels
shear check as stiffener/unstiffened.

1.1.2 Longitudinal Reinforcement
In a steel composite section, the longitudii
reinforcements are arranged within the concre
deck. The strength is calculated as shown in T
2.11.

[Table 2.11] Applicability of material undire calculation
of strength

[Fig.2.9]LongitudinaReinforcement Dialog Box

1.1.3 Transverse Stiffener
(1) Transverse Stiffener

Design > Composite Desigriransverse Stiffener.
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Positive Negatie
Case
Flexure Flexure
o 0O 0 9 0 0 9 9 o | _.__:__.__L__.__:__.__L__._J
Figure
Concrete .
Slab Applied None
Reinforci .
ment None Applied

1.1.3 Transverse Stiffener
Figure 2.10 shows theimdow in which users ca
arrange transverse stiffeners in steel compo:
section. When the transverse stiffenerare
installed the existence and spacing betwe
stiffeners determine whether the web is stiffen



Contents

==

& 1300, S T

SELECT

Aoy Close.

[Fig.2.10] Transversstiffener Dialog Box

Stiffener Type

N -

Transverse Stiffener

* One stiffener

(1)-1)

= Two stiffenar

Fy 34.08358577 ... | kips/in:

IF‘itc:h TEM0EEE i | (1)-2)

H 767015148 in
B [047244008

0K, | Cancel
[Fig.2.12] Stiffener Type Dialog Box

Explanation

or unstiffened under strength limit statdension
field action in Shear check for Strength Limit S
is considered only for stiffened interior panels.

¢ orace pt

B ¢ brace pt

Transverse Stlffener

Bottom Flange
[Fig.2.11] Transverse Stiffener Parameters

(1) stiffener Type
1) One / Two Stiffener Option Button
Choose between one or two stiffeners. The t
stiffener option is available for 1/Box/Tt
sections.

2) Pitch do)

Pitch refers to transverse stiffener spacin.
the strength limit state, tis can be usedo
distinguish betweendtiffened and unstiffenec
webs or calculate shear strength of the web.
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1.2. Design Material Data
For the design of steel composite section, construction stage and time dependent material properties of concrete must
be defined. In this section, the input method for concrete's time dependent properties and steel composite section

material information iglefined.

Contents

1.2.1 Time Dependent Material
(1) Creep/Shrinkage
Properties
Creep/Shrinkage.

 Add/Madify Time Dependent Matenial (creap / Shrinkage

> Time Dependent Material

Name : [Mat-1 Code : [CEB-FIP(1330)

CEB-FIP{1330)

Characteristic compressive strength of concrete
atthe age of 28 days (fcky @

5801807703 kips/ine

M=%
1,204724409 in

h=2+«Ac/u (Ac: Section Area, u : Perimeter in contact with atmosphere)

Relative Humidity of ambient environment (40 - 99)

Notional size of member :

Type of cement
¢ FRapid hardening high strenath cement (RS}
¢ Mormal or rapid hardening cerment (M, R)
" Slowly hardening cement (5L}

Age of concrete at the beginning of shrinkage

—

ShowHesuIt‘..‘ OK | Cancel || Apply |

[Fig.2.13] Add/Modify Time Dependent Material Dialog Bc
(Creep/Shrinkage)

(2) CompsStrength

Properties > Time Dependent Material > Cc
Strength...

'Add/Madify Time Dependent

Mame
Mat-1

Type

Scale Factor
1.0

Graph Options
[~ X-axis log scale [~ Y-axs log scale

« Code " User

Development of Strength A

Code : [CEE-FIP -
0.5]
Q(U’(fck*AI)XExp[SXJW—(ZE/'eq) I
Mean compressive strength of concrate
atthe aqe of 28 davs (fokvdetta_f)

a
B IRTE0 T30 Kips/ine 2 : 1
Cement Type(s)

N, R_steam cured : 0,15 ~

0 2 4 & ¢ 12 26 20 28 28
Time (day)

Fiedraw Graph

[Fig.2.14] Add/Modify Time Dependent Material Dialog Bc
(Compression Strength)

1.2.2 Modify Composite Material
(1) Modify Composite Material

Design XComposite Design Design Material.
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Explanation

1.2.1 Time Dependent Material

(1) Creep/Shrinkage

The time dependent properties of concrete, st
as creep and shrinkage, are defined. Dul
construction stage analysis of bridges, thi
properties are utilized for concrete materii
During analysis, they are reflected in t
calculation of member forcdsut not reflected in
the design of the steel composite section.

(2) Comp. Strength

In order to reflect the change in the modulus
elasticity of the time dependent property
concrete, thechange incompressive strength ¢
modulus of elasticity is defined.

Aging effects may vary for each construct
stage since concrete is poured at differe
locations. Thevaryingaging effects are reflecte
in the calculation of the member force but not
the design of the composite sections.

1.2.2 Modify Composite Material

The material utilized for steel composite sectic
are provided in the SRC material properti€be
materials should be defined as SRC Type.

(1) Modify Composite Material



Contents Explanation

[ Modify Composite Material s | Figure 2.15 shows thdialog boxwhere users cal
VR type in material characteristics fothe steel

0 | Mame | Sieel [ Concrets | Mainhar | Sub-bar | composite sction design. The material proper

I IEEE GBS0 BEER Cel,  EIELD el EEHD Sl valuesentered willhave a priorityoverthe values

enteredin Material Datadialog box

(1)-1) 1) Steel Girder SectionSteel
Composite Material Selection Hybrld Factor
Steel Material Selection i X i i
Code : [ASTMONE) -] Hybrid factor is considered in the case wh
W Hybrid Factor ... | 142) flanges and web have different materi
Grade [ -] properties.
Es : 23000 Fu |58
Fy : |36
| 2) Concrete of Concrete slab
(1)-2)
Concrete Material Selection
Code : [ASTM(RC) ~ Grade : [Grade C300~ 3) Steel materials of Concrete slab
Specified Compressive Strength (f'c/fckd @ |3 kips/in:
Feinforcement Selection
Code @ [ASTM{RCY -
Grade of Main Rebar : |Grade 40 =] Fyr: [40 kips/in:
Grade of Sub-Rebar: |Grade 40 =] Fys: [40 kips/inz
(1)-3) Madity |  Close |

[Fig.2.15] Modify Composite Material Dialog Box

(2) Hybrid Factor . (2) Hybrid FactoR,)

["Hybrid Fact - - . .
s When the check bdior Hybrid Factor is selecte
Flange(Top) . . : . .
anaetan _-licon on the right is activatedThe different
Grade v .
materials forthe top and bottom flanges an
Es : B0 kipsdne Fu (B kipssin: . ' .
Fj , WEEEQ; ! Kps/in web of the steel girdecan be definedHybrid
Factor (R is determined based on the:
material information.
Flange{Eot)
Grade |A36 -
Es ¢ [29000 kipsfin:  Fu ihd kips/int
Fy @ |36 kips/fint
Web
Grade |A36 -
Es : |29000 kips/fin:  Fu o i5d kips/in:
Fy |36 kips/in:
0K | Close

[Fig.2.16] Hybrid Factor Dialog Box
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1.3. Design Parameters for Composite Section

Contents Explanation
1.3.1 Design Parameter 1.3.1 Design Parameter
Design > Composite Design > Design Parameters
Composite Steel Girder Design Parameters Iéj (1) Strengtl’ReSiStance Factor
Code : O-LAFD12 Update by Code Strength Resistance Facisrdefined.
Strength Resistance Factor ] il Update by Code ; <
Resistance factar for yielding (Phi_y) 05 By CIICkInV . ” ’ thehIESISdtafncel faCt(I)L.
Resistance factar far fractura(Phi_u) o8 are_ aUt_Omatlca y set to the efault value
e (b it e L I E— deflned_mAASHTCIlRFD 16The values also ma
Resistance factor for flexure (Phi_f) 1 be mOdIfled or entered manua”y'
Resistance factor for shear(Phi_v) 1
Resistance factor for shear connector(Phi_se) i
Resistance factor for bearing{Phi_b) 1 (2) Glrder Type for BOX/TUb SeCtlon
Girder Type for Box/Tub Section {2} . A , . .
" Single Box Sections @+ Multiple Box Sections / 2 y é 7\ R S NJ { U q)i S y I y U
W Consider St Venant Torsion and Distortion Stresses Stress
Optian For Strength Limit State (3 If the Multiple Box Sections option is selecte
o eaate Flerure Resistance fn Heb Compzct lateral bending stress is considered in accorda
[~ Mn<1,3RhMy in Positive Flexure and Compact Sections(6,10,7,1,2-3) with StVenant Torsion and Distortion Stress
[~ Post-buckling Tensianfield Action for Shear Resistance(,10,9,3.2) the S|ng|e Box Sections Option is selected,
Desian Parameters lateral bending stress mwaysconsidered.
[v Strength Limit State-Flexure (4)
v Strength Limit State-Shear
[V Service Limit State
o Cometiue i, (3) OptiongFor Strength Limit State
[v Fatigue Limit State | A - = | P
v Shear Connectors, Longitudinal Stiffeners . LJLJS )/ R 7\ E : C -'F 2 NJ b S =
Web Compact/Noncompact Sections
S 2 5 | If this option is checked, Appendix A6 is appl

for the flexure strength of straightcomposite 1

sections in negative flexure with compac
nonoompact webs Use of Appendix A6 i
optional in accordance with the code as sho\

[Fig.2.17] Composite Steel Girder Design Parameter Dialog

below.
Straight
bridge,
1.
FSTOKSL 25203,
1 _|I I3 Yes
& =<7 [— [eampact o
L nencampact wab)
§.10.6.2.3-1
Na
¥
Goto | Mo Use Optional
6108 Appendix ABT *

Go to
Appendix
Af

[Fig.2.B] Negative Flexure Resistance in W
Compact/Noncompact Sections

nal.3RMy in Positive Flexure and Compa
Sections(6.10.7.1:3)
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1.3.2 Unbraced Length

Design > Composite Design > Unbraced Length

Tree Menu

C... 5RC P3C CPG R..

[Unbraced Length(L,Lb) = et

Option
& Add/Replace  © Delete

Unbraced Langth

Ly :[0 in
Lz :[0 in

Laterally Unbraced Langth
I Lb : (0 in

[~ Do not consider

Apply | Close

[Fig.2.8B] Unbraced Length Dialog Box

Before decidng, whether toapply thischeck or
not, following conditions need to be manuall
verified

- The span under consideration and
adjacent interior pier sections satisfy tr
requirements of Article B6.2,

- ¢KS | LILINE LINJAgL fio@ Artigle
B6.6.2 exceeds 0.009 radians at all adjac
interior-pier sections

- Inwhich case the nominal flexural resistan
of the section is not subject to the limitatio
of Eq. 6.10.7.1-3.

If the above three conditions are not satisfied f
the canpact sections under positive flexure in
continuous span, the Mvalue is restricted to
1.3RMy.

t -Budkling Tensiofield Action for Sheai
Resistance (6.10.9.3.2)
If this option is checkedost bucklingesistance
due to tension field action isoosidered in the
nominal shear resistance of an interior stiffen:
web panelIf not, \, is taken asC\k

where,

C = ratio of sheatbuckling resistance to the she:
yield strength

Vp = plastic shear force.

(4) Design Parameters
Design and resulbutputs are generatd for the
limit states checked in the Design Parameters.

1.3.2 Unbraced Length

Unbraced length factor for steel composite secti

is considered The value input here has high

priority than the value calculated from Span Grot
(DL
Lateraly Unbraced Length is usetdb calculate
lateral torsional buckling resistance
compression flange of | Girder or top flange of 1
Girder. Laterally Unbraced Lengthcan be
automatically determined by defining W{ L.
LYF2NXYIFGA2YQ | YR |céossh
framesl & W. N} OSQ dzaiy3a
Modify Member Type functionlf the W. NI
member type isnot assigned the program will
take span lengthas unbraced lengthlf span
lengthisnot defired either,the lateraly unbraced
length is appliedas the correspondingelement
length.
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Contents

1.3.3 Shear Connectors

Design > Composite Design > Shear Connectors

Shear Connector L [

Option
(®) Add/Replace () Delete

Both end parts(i &j) have the same
tvpe

| g |

Category |C .
Pitch 12 ir

Height 7 in

Dia 0.875 ir

Fu 60 kips/fin~2

Transverse Spacing

| 10 | in
Mum. of Shear Connectors

| 3 |,|"r|:|'.~

Length between Max. Moment
and Zero Moment

| 720 in

Morminal Shear Force
Calculation

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

O Composite Continuous Span in
Meg. Moment

Apply Close
[Fig.220] Shear Connector Dialog Box
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Explanation

1.3.3 Shear Connectors

In this program, studs are used for shear connect
The parameters used for calculation are sho
below.

(1) Category

Categorydefined by Detail Categories for Loar
Induced Fatigue (Table 6.6.1.2A8 Select
Category C for the fatigue check of base meta
the shear connector weld to the top flange.

2k
Tensile strength of a stughearconnector

(3) Shear Connector Parameters

l- Num. of
j Shear
Connector
e
RS
/ \/ ﬁ
Dia
-

[
Spacing

- CON‘EL/

[Fig.2.2] Shear Connector Parameters

Height|

(4) Length Between Maximum Moment and Ze
Moment

The Length between Maximum Moment and Ze
Moment needs to bénputted by users toverify
pitch as perstrength limit state.

(5) Nominal Shear Force Calculat{6r10.10.4.2)
One of the two conditions needs to be select
for the calculation of the nominal shear force,
which is applied for the verification of pitch at tt
strength limit state.

(6) Fe
Net range of crosframe or diaphragm force a
the top flange(6.10.10.1.2)



Contents

1.3.4Fatigue Parameter

Design > Composite Design > Fatigue Parameter

|Fat1'gue Parameter j El
Option
(¢ Add/Replace " Delete

v Both end parts(i &j) have the same
type
I I_] ]

Category A -
(ADTT)SL 0
N(n/cyde) 0

Longitudinal Warping Stress Range

" Auto-Calculation (¢ User Input

Top Flange 0 kips/in2
Bot Flange 0 kips/in2

Apply | Close

[Fig.2.2] Fatigue Parameters Dialog Box

Explanation

1.3.4 Fatigue Parameter

(1) Category

Category defined bypetail Categories for Loac
Induced Fatigue (Table 6.6.1.2-3). Select
/' FGS3I2NBE / Q F2NJ GKS 1
the connectionplate weld to the top/bottom
flange.

(2) (ADTE)

Number of trucks per day in a sindene
averaged over the design life (3.6.1.4.2)
(ADTTJL. can be manually calculated as per
3.6.1.4.21.

(3N
Number of stress range cycles per truck pass
Value can be taken froable 6.6.1.2.2.

(4) Longitudinal Warping Stress Range

For the verification of fatigueflexure stressis
calculated as the summation dfongitudinal
Bending Stress Ranged Longitudinal Warping
StressRange

By choosing the Aut@alculationoption, fatigue
vertical benéhg moment is simplyncreased by
10%for the longitudinal warping stress.

Longitudinal warping stress range can
manually calculated as per BEF (Beam on El
Foundation) analogy presented by Wright a
AbdelSamad. The designer guide to Box Gir
by Bethlehem Steel Corporation also presel
this method. Detailed calculations can be seer
Design Example 5: Three Span Continuous Cu
Composite Tulssirder Bridge (page 8%4).

Software calculations do not account fi
Transverse Bending Stress dbe Distorsion.
Therefore, transverse bending stress range at
top or bottom corners of the tub section need 1
be manually checked with the nominal fatigt
resistance.

If the User Inpubption is selectedlongitudinal

bendirg stress range is summatedith the

inputted value of thd_ongitudinal Warping Stres
Rangefor top or bottom flange depending upol
the flexure condition at the section

These distorsion stresses are considered only
the sections having box flange as those are
section in whih the torsion is considered.
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Contents

1.3.5 Span Information

Structure > Wizard > Composite Bridge > S

Information...

[Fig.2.38] Span Information Dialog Box

Span Information — @

k. »

Girder Mame  |Girderl

Assign Elements
& By Selection  Numnber

[
Add/Replace Delete Al

N

&

Element | Length(in) Support

196.85039 |

196.85039 | None
196.85039 | None
196.85039 | None [l
196.85039 | None =
11]196.85039 | None

~ o fw|=

13 | 196.85039 | None
15|39.370078 | None
17 | 157.48031 None
19 | 196.85039 J

S fw oo |~ |o o] e fw|m]=
o

Span by Element Length

[T771.65 in
[~ Exact Span
RES in
(ex i 2, 3@4. )
Inner Direction of Multiple Girders
@ (-)Local-y " (+)Local-y
Girder Information
Mo, [ Name | Elernent List [
1 Gl 2.4.6,8,10012 1.,
2 G2 1,35 7.8 11,13,
add | modify | Delete |
Close |

Explanation

1.3.5 Span Information

The elements of composite sections are defined
one Span Group. The Span Group will serve
following functions.

(1) Finding the most critical parts of the gro
unit and providing the corresponding results
the Span Checking table. Refer @hapter 7 of
"Steel Composite Design Resultr more
information.

(2) EndwWeb Panel

For each element, location of suppoiftany, can
be identified as i or jThe stiffened webs witt
supports are identified as end panels.

Also, the elements that are assigned with i or j-
the support are considered as end pane
Tension field action is not considered for the e
panel inShear Check.

(3) Laterally Unbraced Length

According to article 6.10.1.6, for design chet
where the flexural resistance is based on late
torsional buckling, the stress.,for moment M,

shall be determined as the largest val
throughout the unbraced lengthAfter defining
Span Information in order to define this
unbraced length, the user shoulassignBrace
member typeto the transverse elementshich
are connected to the steel compdsi girdersat
the postion of lateral restrainds shown below

] Modify Member Type

Option
(® Add/Replace (Oipelete

Member Type
O geam O Column () Brace
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Contents

1.3.6 Curved Bridge Information

Design > Composite Design > Curved Bridge.Info

lCurved Bridge Info. _vJ J

(" Delete

(1)(2
Girder Radius 0 in

Curve Type (3),

(¢ Convex (" Concave

Apply | Close ]

[Fig.2.2] Curved Bridge Information Dialog Box

Explanation

1.3.6 Curved Bridge Information

Once the girder radius value of the element units
the steel composite section is entered, tt
corresponding elements are categorized as cun
bridges.

(1) Radius is usedor the review of shear
connectors' pitch and the moment of inertia «
area for the longitudinal stiffener attached tc
web.

The curve type needs to be determined as con
or concave so the program determines wheth
the longitudinal stiffener is on the side of the we
away or toward from the center of the curvatur

Lateral bendingstress due to curvature i
obtained from the analysis results and not usi
V-Load equation.

(2) If convex, left stiffener is on the side of tt
web away from the center of curvature and rig
stiffener is on the side of the web toward th
center of curature. If concave, the opposite ca:
of the convex is applied.

Refer to thetable below for the equations appliec
to each case.

[Table 2.2] Curvature Correction Factor for Longitudin
Stiffener

Case
z
) ==
Left Stiffener 6 Tt
Convex (6.10.11.3.33)
i : b=£+1
Right Stiffener 12
(6.10.11.3.34)
z
b=2 41
Left Stiffener 12"
Cor]cave (61011334)
z
- . b=—+1
Right Stiffener 6
(6.10.11.3.3)
where,
b : Curvature correctio
rigidity

Z : Curvature Parameter
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Contents

1.3.7 Deck Overhangoads

|Deck QOverhang Loads ﬂ J

v Add/Replace: " Delete

v Both end parts(i & j) have the same
tvpe

o
Distributed Force 0 kips
Concentrated Force |0 kips

Eccentricity of Overhang Loads

o in

Apply | Close

[Fig.2.5] Deck Overhang Loads Dialog Box

5.75'

—

[Fig.2.8] Deck Overhand Bracket

78 Design Guide for midas Civil

Explanation

1.3.7 Deck Overhang Loads
Design parameters for the Deck Overhang load
be entered. The f/alueobtained from F(Distributec
force) and P(Concentratefbrce) is not applied to
Box section, but only fordection andop stiffener
of Tub section Thef, value fordeck werhang is
considered onlyfor the constructibility limit state.
Distributed ForceF

(1) Distributed Force, F

Distributed force values alieputted
R C {GFy n

(2) Concentrated Force, P
Concentrated force values are inpexd

R=P tan

(3) Eccentricity of Overhang Loads, e
Eccentricity of overhang loads are infed
")y

The f value is generated by combining the valu
produced from the analysiand the valueinputted

in thisdialog box If this feature is not used, value
only from the analysigesultswill be used.Lateral
bending moment due to uniformly distributes

lateral bracket force (fris estimated as:
2

FL
M, = '12'° (c6.10.3.42)

where,

Mi: flange lateralbending momerttue to the eccentric
loadings from the forming brackets

Fi : uniformly distributed lateral force

Lo : unbraced length

Lateral bendingnoment due to concentrated
lateral bracket force (Fassumed to be placed at
the middle of the unbraced length is estimated as

M, = P':B‘b (c6.10.3.43)

where,

Mi: flange lateralbending momertdue to the eccentric
loadings from the forming brackets

P : concentratedateral force

Lo : unbraced length

P and F are theead loads andonstruction loads
such as Deck Overhang Weight, Screed rail I
Railing load, Walkway load, Machine Load, ¢
considered for the constructability check only.

The load coefficient applied to ErectigpC)Load
Casds applied to calculate the load in this case



Contents

1.3.8 Design Force/Moment

Design > Composite Design > Design Tables > D This feature displays design member forces (str
axis moment,M,), weakaxis moment(M,) and
shear stress\u) for the local axis of elements undt

Force/Moment..

# ' Records Activation Dialog

Elernent

All | Nnne| \nverae|

Prev |

[ria.

=] [fez

===

Loadcase/Combination Part Mumber
CsLCBI(CES) » |MPart i
(1sLCB2(CES) [C1Part 1/4
sLCE3(CES) CIPart 274
(1sLCBA(CES) [C1Part 3/4
1sLCBS(CBS) MPart |
scLCB
(scLCBICCESCimax) L
[(JscLCBI(CBSC: min) 3
(1scLCB4CBSC all)
[(scLCB4CBEC man)
(15cLCB4CBSC min)
[(Test(CBSC:all) i

_Cancel_ |

[Fig.2.Z] DesigrForce/Moment Dialog Box

Explanation

1.3.8 Design Force/Moment

selected load combination of steel composi
section for each construction stage. For explanat
regarding design member forces under constructi

stages, please refer t8ection1.5in this chapter.
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1.4 LoadCombination for steel composite section
1.4.1 Application of load combination in midas Civil for AASHIRFD 16
(1) Application of load combinations and factors in midas Civil for AASRFD 16
The load combinations used for the review of each limit stetgoer Table 3.4-1, are shown below.

DC Use One of These at a Time
DD
D
EH
EV LL
ES IM
EL CE
Load PS BR
Combination | CR PL
Limit State SH LS WA w5 | WL FR U TG | SE | EQ BL Ic cT CV
Strength T Y | 175 | 100 | — | — ] 100 | 050120 | yre | vz | — | — | — | — | —
(unless noted)
Strength IT v | 135 100 — | — [100 050120 | yrg | yse | — | — | — | — [ —
Strength I Yo — | 100 | 14 | — | 1.00 | 0.50/120 | vrg | Ys2 | — — — — —
0
Strength IV Vo — 1.00 — — 1.00 | 0.501.20 | — — — — — — —
Strength V Yo | 135 | 100 | 04 | 10 | 1.00 | 0507120 | vrg | vee | — | — | — | — | —
0
Extreme Vo vEQ | 1.00 | — — | 100 — — | — | 100 — — — —
Event I
Extreme Tp 0.50 | 1.00 — — 1.00 — — — — 1.00 | 1.0O | 1.00 | 1.00
Event II
Service I 100 | 100 | 1.00 | 03 | 1.0 | 1.00 | LOOA20 | yrg | vz | — | — | — | — | —
0
Service IT 1.00 | 1.30 | 1.00 — — 1.00 | 1.00/1.20 | — — — — — — —
Service ITT 100 | 080 | 1.00 — — 1.00 | 1.001.20 | yre | vs= — — — — —
Service IV 1.00 — 1.00 | 07 — 1.00 | 1.00/1.20 | — 10 — — — — —
0
Fatigue [— — 150 [ — — | — — — —_ | = _ _ _ _ _
LL IM & CE
only
Fatigue IT— | — 075 — — | — — — | — _ _ - _ _
LL IM & CE
only

[Fig.2.28] Load Combinations and Load Factors

Using the Auto Gesration feature of theprogram,the load combinations regulated by the design code can be
automatically generated. Load factors are considerecefarh load combinations in this prograbhoad factors are
considered only within the prograjand , value can be designated by Auto Generation feature.

[Fig.2.29] Load Factors for Permanent Loagls,
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