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DISCLAIMER

Developers and distributors assume no responsibility for the use of MIDAS Family Program (midas Civil,
midas FEA, midas FX+, midas Gen, GTS NX, SoilWorks, midas NFX; hereinafter referred to as “MIDAS
package”) or for the accuracy or validity of any results obtained from the MIDAS package.

Developers and distributors shall not be liable for loss of profit, loss of business, or financial loss which
may be caused directly or indirectly by the MIDAS package when used for any purpose or use due to any
defect or deficiency therein. Accordingly, the user is encouraged to fully understand the basis of the
program and become familiar with the user manuals. The user shall also independently verify the results
produced by the program.
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Chapter 1. Steel Composite Girder Design: AS5100.6:2017

Introduction and Design
Information

The objective of this design guide is to outline the design algorithms applied in midas Civil finite
element analysis and design system for the design of composite beams as per AS5100.6:2017. The
requirements of the other parts of the AS(AS/NZS) 5100 series may apply to both steel and
composite members.

This chapter discusses the general requirements for the analysis and design of the steel composite
sections.

1.1 Section Data

In a composite beam, a complete connection between the steel girder and the concrete deck is
assumed, implying that the shear capacity of the shear connectors does not govern the maximum
compressive force developed in concrete.

The scope of the design check carried by the midas Civil according to AS5100.6:2017 covers:

i) I-section

ii) Tub-type section

iiii) Box-type section

[ Section data
In midas Civil, the section for steel composite design shall be specified from the Composite Section
Data tab. Various sections such as Steel Box (type 1), Steel Box (type 2), Steel | (type 1), Steel |
(type 2), Steel Tub (type 1), Steel Tub (type 2) are available in the database.

® Properties > Section Properties > Composite

DB/User  Composite

Sectond 107 Mame G11

SectionType: | Steel-Tub (Type1)

Slab
Bc 6.07061 m
tc 0.2159 m

~

Girder
Hw 1.3716 tw 0.014287! m
B1 27178 B2 2.6162 m
Bf1  0.381 Bf2 0 m

m
m

Composite-General

tf1 0.01905 tfz2  0.0127
Bf3 0.1905 tip  0.01505

Material
Select Material from DB ...

Es [Ec 9.18307  Ds/Dc 3.2716
Ps 0.3 e 0.2
FEM Equation Ts [ Te 13
Multiple Modulus of Elasticity
Use Hambly Eq. for Txx Es/Ec (Cregy 27.5672
P. _—
Offset: Center-Top Es/Ec (Shrinkage) 0
Change Offeet ... 18 Consider Shear Deformation.

O Consider Warpina Effect(7th DOF)

Show Calculation Results... OK Cancel Appl
| |
L d

[Fig. 1.1] Steel Composite Section Database

1-1 Steel Composite Girder Design: AS5100.6:2017



1.2 Stiffeners of Steel Composite Section

The program considers longitudinal stiffeners under the composite girder section definition and
hence accounts for girder section stiffness. The transverse stiffeners are to be additionally
specified during the design check definitions of the sections.

The following table briefly describes the stiffeners used in the steel composite section.

[Table 1.1] Types of Stiffeners

Transverse stiffeners are usually provided to increase shear resistance by
tension field action. These work as anchors for the tension so that post-

buckling shear resistance can be developed.

It should be noted that transverse stiffeners cannot prevent elastic web

Longitudinal stiffeners may be provided to increase flexural resistance by
preventing local buckling. These work as restraining boundaries for

Type Description
Transverse
Stiffeners

shear buckling.
Longitudinal .
Stiffeners developed in a web.

compression elements so that inelastic flexural buckling stress can be

It consists of a plate, Tee section or a U-rib welded longitudinally to the

web or the flange.

[ Longitudinal stiffener data

In midas Civil, the longitudinal stiffeners for a section shall be specified from the Composite

Section Data tab, where the flat, Tee-shaped, and U-rib sections can be defined.

® Properties > Section Properties > Composite > Stiffener...

Section Stiffener

Stiffener Properties

Name stiffener 1

Type Flat

@

Modify

0.08

Delete

Name
Stiffener 1

Type

Flat

Stiffener

eft Ri Reference of d i Top © Bottom
Nieft 2 NRight 2 NEBottom O
c| dm) | Stiffener c| dim) | Stiffener c | d (m) | Stiffener | ® | dm) | Stiffener |
v 0.8 | stiffene v 0.8 | stiffene
~ 0.4 [Stiffene I [pa Stiffene

oK | Cancel

[Fig. 1.2] Longitudinal stiffener data for section
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1.3 Composite Action

The composite action is generally considered when the slab is hardened, and the temporary
falsework is removed. The steel girders that are compact during composite action with the slab
may not be compact before composite action; thus, in that case, the section shall be checked in
the stage of loading, which is not composite.

1.4 Construction Stage for Steel Composite Beam

During the construction of a steel composite bridge, the steel girder is erected first, followed by
concrete deck pour and finally hardening of deck concrete. Hence, the construction of the steel
composite girder is divided into three significant steps.

[Tablel.3] Construction Stage for Steel Composite Section

Construction stage

- . Description
for steel composite section P
Only Steel Girder Only the steel girder has been
(non-composite) constructed.
Steel girder and Although the concrete deck has been |
concrete deck constructed, it has not hardened yet.
as load Therefore, the weight of the wet
(non-composite) concrete is applied as a load condition.
. After the concrete is hardened, the | ITT |
Steel girder and .
strength and stiffness are formed.
concrete deck .
Hereafter, the steel girder and concrete
as member .
. deck work as a complete composite
(composite) .
section.

We can utilize the Construction Stages function to portray the steel composite section
construction process within the program.

1.5 Time-Dependent Material

The steel composite section is composed of steel and concrete. Concrete has time-dependent
material properties, and there is a development in the compressive strength and change of creep
& shrinkage properties with time. Also, the restraints imposed by the shear connectors cause
additional stresses within the composite section. Therefore, time-dependent characteristics
(creep and shrinkage) must be considered.

Modular ratio is the ratio of the modulus of elasticity of steel to that of concrete. It can be specified
during the section properties definition within the Section Data dialog box.

1.6 Load combinations

In midas Civil, the load combinations can be automatically generated for steel-composite bridge
design as per AS5100.2:2017.

1-3 Steel Composite Girder Design: AS5100.6:2017.



| Automatic Generation of Load Combinations

Option

Results > Load Combination > Composite Steel Girder Design > Auto Generation...

O add O Replace
Code Selection
Steel Concrete SRC € Steel Composite
Design Code : | 5 5100.2:17 ~ -]

Manipulation of Construction Stage Load Case
O sTonly O CsOnly [ Jagte]
ST : Static Load Case CS : Construction Stage

Bridge Type Roadway w
[HlLoad Factors for Permanent Loads
Type of Load Load Factor
R.S L5 Bath
Dead Load °1_O 0.85 O
Superimposed Dead Load © 2000 080 O
Soil Load O 150 O 0o O
Groundwater Load o 100 O 100 O
R.5 : Reduce Safety
1.5 : Increase Safety
Fatigue Load Combination
Road Traffic Case : ~
Load Case Add
Delete
|
| Cancel

[Fig. 1.3] Auto Generation of Load Combinations

However, it should be noted that the load case type must be
automatic load combinations.

w Load > Static Load Cases...

c Load Cases

correctly specified to generate the

Name SW Add
Case All Load Case ~ Modify
Type Construction Stage Load (C5) ~ Delete
Description :
No Name Type Description

» 1 Construction Stage Load (C

2/SIDLWC Construction Stage Load (C

3/SIDL CB Construction Stage Load (C

4|Prestress  |Construction Stage Load (C

5|Temp rise  |Temperature (T)

6| Temp fall Temperature (T)

T |Paositive tem |Temperature Gradient (TPG)

8 |Megative tem|Temperature Gradient (TPG)
*

Close

[Fig. 1.4] Load case type

1.7 Design Information

Following is the list of specifications necessary for the design of steel composite members in midas

Civil.

1-4
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1.7.1 Design value of material

The nominal values of the yield and the ultimate strength for the structural steel shall be taken
from the appropriate code depending upon the grade of steel, concrete and reinforcement
chosen, as shown in the figure below:

TABLE 11

STRENGTHS OF STEELS COMPLYING WITH AS/NEZS 1163, AS/NZS 1594,
AS/NZS 3678, AS/NZS 36790.1, AS/NZS 367920003 AND AS 3507

Thickmess of | Yield stress | Tensile strength
Steel Standard Form Steel grade material () ) )
mm MPa MFa
AS/NZS 1163 Hollow sections C450 All 450 500
(Note 3) C350 All 350 430
C2350 All 250 320
AS/NZS 1594 Plate, strip, shest HA400 Al 330 480
floorplate
HW350 All 340 450
HA350 All 350 430
%igg All 300 400
ﬁg;g All 250 350
(ote20d3) | Toarise 50 < 50 2
450 20=r=<32 420 500
450 == 50 400 500
400 t=12 400 4380
400 12220 380 480
400 20 =+= 80 360 480
350 r=12 360 450
350 12=¢=20 350 450
350 20 <+< 80 340 450
350 B0 =r=150 330 450
WR350 t= 50 340 450
300 r=8§ 320 430
300 B=rz12 310 430
300 12=¢=20 300 430
300 20=r=350 280 430
300 50 =+= 80 270 430
300 BO <r< 150 260 430
250 r=8§ 280 410
250 B=r=<12 260 410
250 12=¢=50 250 410
250 50 =+ =80 240 410
250 B0 =r=150 230 410
200 t=12 200 300
(continusd)

[Fig. 1.5] Nominal values of yield strength f, and ultimate tensile strength f, for structural steel

The nominal values of the yield strength fy and the ultimate strength f, for structural steel shall
be obtained using the table in Figure. 1.5.

[ Design Strength of Materials
The design strength of concrete, reinforcement, and structural steel can be defined in the “Modify
Composite Material” dialog box. fy is the tensile strength of the steel, and fu is the ultimate
strength of steel. Depending upon the code chosen AS/NZS 3678, AS/NZS 3679.1 and AS/NZS
4672.1, the Tensile strength, Fy1, Fy2, etc... are automatically updated considering the given plate
thickness. Similarly, the properties of the chosen grade of concrete and rebar are automatically

1-5 Steel Composite Girder Design: AS5100.6:2017.



updated and used in the design check.

1.7.2 Design Parameters

@ Design > Composite Design > Design Material

Material List

D Mame Steel Concrete Main-bar Sub-bar
2 350 350 c3z D500L

Composite Material Selection

Steel Material Selection

Code:  AS/NZS 3678(S) ~
[ Hybrid Factor
Grade: 350 ~
Es :
Fyl :
Fy3 :
Fys :

Concrete Material Selection

Code: AS17(RC) ~ Grade: €32~
Spedified Compressive Strength (Pc/fck) ;32000 KNjm2
Reinforcement Selection

Code: AS17(RC) ~

Grade of Main Rebar : D500L | Fyr: kNjfm2

Modify Close

[Fig. 1.6] Composite Steel Girder Design Material

The general design parameters and the related design checks for ULS and SLS that are to be carried
out are to be specified herewith.

The capacity reduction factor (¢) considered in the ultimate (strength) limit state is taken as 0.9
as per Table 3.2 of AS5100.6:2017. It can be modified as per the user's requirement.

Similarly, we can choose what all checks under ULS and SLS are to be performed for the section in
the same dialog box. Under ULS combinations, we can select flexure and shear checks. Under SLS
combinations, we can check the cracking of the slab and longitudinal shear in the section.

[ Capacity Reduction Factors and General Design Parameters

Parameters related to the capacity reduction factors for ULS and SLS combinations can be defined
in the Composite Steel Girder Design Parameters dialog box. The default values of partial factors
are defined per code provisions of AS5100.6:2017.

Steel Composite Girder Design: AS5100.6:2017



@ Design > Composite Design > Design Parameters...

Code: AS5100.6:2017 Update by Code

‘Capacity reduction factor
us

Member subject to bending for flexure 0.8

Member subject to bending for web in shear 0.9

Member subject to bending for stffener 0.9

EH

Member subject to bending for shear connectors

Ultimate Limit State
@ Flexure

B shear

(g Fiexure &Shear &Torsion
for Box Girders with Longitudinal Stiffeners

18 Constructibility (I-section only)

Serviceability Limit State

(@ Crack Control of Slab

@ Longitudinal Shear

oK Cancel ‘

[Fig. 1.7] Design Parameters Dialog Box
1.7.3 Load Combination Type

The load combinations defined for the design of the steel composite sections are automatically

subdivided into the strength and serviceability limit states for design checks. We can verify these
combinations in the dialog box and make the necessary changes.

Design > Composite Design > Load Combination Type...

T
Load Combination Type

Steel Composite Design

| Load Combination List I Strength Limit State I |
i

| scLCBL

| sclCB2

scLCB3

I Service Limit State I

scLCB4

, Cance

[Fig. 1.8] Load Combination Type Dialog Box

1.7.4 Longitudinal Reinforcement

The provision of longitudinal reinforcement in the section under consideration is necessary for
design checks. Longitudinal reinforcement may or may not be considered in the stiffness
calculation section, depending on the option chosen in the Main Control Data tab.

1-7 Steel Composite Girder Design: AS5100.6:2017.



@ Analysis > Main Control Data...

Main Control Data

18 Auto Rotational DOF Constraint for Truss/Plane Stress/Solid Elements

18 Auto Normal Rotation Constraint for Plate Elements

Tension / Compression Truss Element (Elastic Link / Inelastic Spring)
Mumber of Iterations/Load Case 20 =

Convergence Tolerance 0.001

8 Consider Section Stiffness Scale Factor for Stress Calculation
8 Transfer Reactions of Slave Nodes to the Master Node

Calculate Equivalent Beam Stresses (Von-Mises and Max-Shear)
8 Consider Reinforcement for Section Stiffness Calculation
|_| Change Local Axis of Tapered Section for Force/stress Calculation

Cancel
[Fig. 1.9] Main Control Data Dialog Box

[ Longitudinal reinforcement

Longitudinal reinforcement can be provided in the slab section 6f the composite beam by using
either of the methods available, Method A or Method B.

& Design > Composite Design > Longitudinal Reinforcement...

| Section Manager

x|
Mode da=e @ ° Longitudingl Reinforcement | Shear Reinforcement |
N . @ & ®) 01 m Snap

Relnforcemens 8 same Rebar Data ati &.j-end

Target Section & Element B B oo Coordinate O centroid O Left-Bottom

£ X Secton 2 O Guide Line 0

¥ 10761 . . i S Dl
I 109:G13 . . i S .
O Point OLine Oarc
Ocirde O Poly Line
O inputMethod A O Input Method B
Ref.Y Cenmod v ¥ 0 m
RefZ Tp vz 0 m
Num 0
Spacing o m
Dia Ps v
Part Part2 v
Reference for Tapered Saction
Left Top
As 00120636  m*
Add Modify Delete
Mult Add
Type [ Num [cTem)| Dia

1] Line -|P16 |
2| Line 30 -lp18

Copy Reinforcements to... GL3 G 1 -2.7000, 3.1000 SELECT

|

[Fig. 1.10] Input for Longitudinal Reinforcement

1.7.5 Transverse Stiffeners

[ Transverse Stiffener

Transverse Web stiffeners can be specified under the Design tab.

1-8 Steel Composite Girder Design: AS5100.6:2017



@ Design > Composite Design > Transverse Stiffener...

lanages ]
Mode
Transverse Stiffener 0.1 m 8 snap 18 same Stiffeners Data ati & jend
T 1 } S|
arget Section & Element
= L Secton 2 BT I e
I 107:G1-1 B wieb Flat E[]
I 105:G13 —
Bearing Stiffener
@ Bearing Flat
= r-
Stiffener Type X
+-- Y
T Fiat R
Flat
L) One stiffener
(O Two stiffener
Fy 24821133% ... | knjm?
pitch 0.4 c
8 0.5 o
t 0.01 m
Conce
Transverse Stiffener 611 G L5031, 024844 -
|
l Apply Close:

[Fig. 1.11] Transverse Stiffener for Design Data Input

1.7.6 Unbraced Length of the Beam

To accurately calculate the beam capacity under flexure for the section under consideration, the

unbraced length parameter shall be specified. These parameters shall be used to calculate lateral
torsional buckling.

[ Unbraced Length(L,Lb)

Parameters related to the beam length used in calculating beam section capacity can be defined
in the “Common Parameters” dialog box or in the “Composite Design” tab.

@ Design > Composite Design > Unbraced length (L, Lb)...

Tree Menu o x

Steel Co.. C C CPG Rati.. Rati. S

Unbraced Length(L,Lb) ~ ...

Option
0 Add/Replace (C) Delete

Unbraced Length

Ly : O m
Lz : O m

Laterally Unbraced Length
lb : O m

[ Do not consider

Torsional Unbraced Length

Lk 0 m

[Fig. 1.12] Unbraced length
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1.7.7 Design Positions

It is often desired to design only the critical element of the girder, or only the critical positions of
the section are to be considered in the design. Thus, to avoid designing the complete structure,
the design check can be carried out more efficiently by specifying the required sections.

] Design Position and Position for Design Output

Select the element to be designed and specify the section position (i or j or both) for the same.
Sections thus selected shall be designed. Only the sections considered in the Position for Design
Output shall be shown in the output results.

@ Design > Composite Design > Design Positions / Positions for Design Output...

Tree Menu

Tree Menu 1 x

Ge.. Steel Co... SRC PSC geyed Ra.. Ra.. 5

Ge... Steel Co.. SRC PSC geze} Ra.. Ra.. 50D

Design Position ... Position for Design Output bl |
Option QOption
O add/Replace () Delete © Add/Replace () Delete
Check Position Position
[ ] (@F] Or1ad [« 3 (@F] O1al
Apply Close Apply Close

[Fig. 1.13] Design Positions and Positions for Design Output

1.7.8 Section Slenderness

The section plasticity and yield slenderness limit shall be determined according to the residual
stress type.

1-10 Steel Composite Girder Design: AS5100.6:2017



TABLE 5.1.2
VALUES OF PLATE ELEMENT SLENDERNESS LIMITS

Plate Longitudinal | Residual Plasticity Stress Yield limit Stress Deformation
element edges Siress limit distribution (Aey) distribution limit
type supported  |(see Notes) (Aep) (Aea)
Flat One SR 10 Compression 16 Compression 35
HR g L iisitiatiiisiin 16 IR 35
LW, CF 1 15 is
HW ] 14 is
{Uniform compression)
Flat One SR 10 25 —
HR 9 25 —
LW, CF g 22 —
HW B vl —
(Maximum compression
at unsupported edge. zero
slress or lension at
supported edge)
Flat Both SR 30 Comprassion 45 Compression 90
HR 30 LB 45 I 90
LW, CF 30 40 90
HW 0 35 90

(Uniform compression)

Flat Both Any §2 115 —

(Compression al one
edge, tension at the other,
meutral axis at mid

height)
Flat Both Any For .9 Comp. For
10zrp=0.5 1l0zrz0
m_ |94 60
47 =1 Tension Te Tension
{Web of beam with For rp < 0.5
neutral axis not at mid 41
height) "o
Circular hollow sections SR 50 120 —
HER 50 120 —
LW, CF 421 120 —
HW 421 120 —
LEGEND:
SR = stress relieved
HR = hot-rolled or hot-finished
CF = cold-formed
LW = lightly welded longitudinally
HW = heavily welded longitudinally
re = ratio of the distance from the plastic neutral axis to the compression edge of the web to the depth of the
web
re = ratio of the distance from the elastic neutral axis to the compression edge of the web to the depth of the
web

[Fig. 1.14] Plasticity and Yield limit as per Residual stress type

[ Residual Stress Type
Select the elements and assign Residual Stress Type from under the Design tab.

@ Design > Composite Design > Residual Stress Type...

Tree Menu

Ge.. 5t.. Co..

Residual Stress Type v

Option
O Add/Replace () Delete

Eoth end parts(i & j) have the same
Residual Stress Type

SN
Residual Stress Type
(SR (JHR

Ow O Hw

[Fig. 1.15] Residual Stress Type

1-11
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1.7.9 Shear Connector

In Midas Civil, shear connectors should be inputted by elements. Elements having different shear
connectors should be inputted separately.

_1 Num. of
£ Shear
o0
D Y Connector
s - Q\\('
y T
Dia
Spacing
Shear Connector

P

[Fig. 1.16] Shear Connector Detail

1 Shear Connector
Select the elements to assign shear connectors and enter the required data in the dialogue box.

® Design > Composite Design > Shear Connector...

Tree Menu

Ge.. Ste.. Co.. SRC PSC geye Ra..

Shear Connector ~

Option
© Add/Replace () Delete

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

1] s

Pitch 0.3 m
Height 0.073 m
Dia 0.01 m

Fu E] 500000 kN/mz

Transverse Spacing

0.15 m

Num. of Shear Connectors

2 frow

[Fig. 1.17] Shear Connector Parameters

1.7.10 Buckling of Web Panel
In Midas Civil, a web panel may consist of one or more element. The buckling of these web panels

is checked according to cl. 7.4.3.4.

] Web Panel Assignment
Assign a Web Panel to the selected elements.

1-12 Steel Composite Girder Design: AS5100.6:2017



® Design > Composite Design > Web Panel Assignment...

Web Panel Assignment ~

Option
Q) Add/Replace () Delete

Web Panel
[ ] Allow Single Element Panel

Idx  Elem. List

[Fig. 1.18] Web Panel Assignment

‘Allow Single Element Panel’ option can be checked on for the web panels to be located at ends of each
element.

Element
no.3

Element
no.2

Element
no.1

[Fig. 1.19(a)] ‘Allow Single Element Panel’ option is applied
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no.1%no.2 /./

[Fig. 1.19(b)] Two or three elements are assigned as web panel
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Chapter 2. Steel Composite Girder Design: AS5100.6:2017

Ultimate Limit State

This chapter covers the Ultimate Limit State (ULS) checks for steel composite girder design. The
limit state for flexural and shear resistance is checked for the members selected for design. The
checks are performed based on whether the section is an I-section, a Tub section, or a Box
section. The sections are first classified as compact and not compact, and the corresponding
effective section is thus calculated. The appropriate panel checks are considered depending on
the number of longitudinal stiffeners provided in the section.

2.1 Classification of Cross Section

The cross-section of the steel beam is classified as either compact or not compact in accordance

with AS5100.6:2017 using the steel section slenderness values (As), and it is compared with the 352130;).6:2017
steel section plasticity slenderness limits Asp. Asp will be determined from Table 5.1.2 of -
AS5100.6:2017 as shown in figure 2.1 below:

TABLE 5.1.2 AS5100.6:2017
VALUES OF PLATE ELEMENT SLENDERNESS LIMITS Cl5.1.2
Plate Longitudinal | Residual Plasticity Stress Yield limit Stress Deformation
element edges siress limii distribution (A} distribution limii
type supported  |(see Notes) (Aep) (e
Flat One SR 10 Compression 1é Compression i3
HR g s 16 Lusunins] 1%
LW.CF 8 15 i35
HW H 14 i3
(Uniform compresaion)
Flat One SR 10 23
HR 9 25
LW.CF 8 a2
HW 8 22
(Maximum compression
at unsupported edge, zero
slress or lension at
supported edge)
Flat Both SR 30 Compression 43 Compression o0
HR 30 s i | 45 (T 90
LW.CF 30 40 90
HW 30 is 90

(Uniformn compression)

Flat Both Ay 82 115

(Compression at one
edge, tension at the other,

neuiral axis at mid

height)
Flat Both Any For r.d—1Comp. For rd1comp.
10 zrez0.5 r lhzrz0 I
11 e 50 a
75, -1 Tensien Te Tension
(Web of beam with Foi rp = (L5
neutral axis not at mid ﬂ
height) Py
Circular hollow sections SR 50 120
HR 50 120
LW.CF 42 120
HW 42 120
LEGEND:
SR stress relieved
HE hot-rolled or hot-finished

CF = cold-formed

Lw lightly welded longimdinally

HW = heavily welded logitudinally

e ratio of the distance from the plastic neutral axis to the compression edge of the web to the depth of the
wih

re = ratio of the distance from the elastic nentral axis to the compression edge of the web to the depth of the
welbs

NOTE: Welded members whose compressive residual stresses are less than 40 MPa may be considered to be lightly

welded.
[Fig.2.1] Values of Plate Element Slenderness Limits
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For a section with flat compression plate elements, the section slenderness (A) will be taken as
the value of plate element slenderness (A.) for the element of cross-section, which has the

A
greatest value of ==
Aey

Ae can be computed as follows:

where,
ey = plate element yield slenderness limit as per Figure 2.1

b = clear width of element outstands as indicated in Figure 2.1 or the clear width of the element
between the faces of supporting plate elements. If the longitudinal stiffeners are defined, they
shall be considered as supporting plate elements to calculate b.

» Longitudinal Stiffners

» Iransverse Stiffners

[Fig.2.2] Longitudinal Stiffener

The section plasticity and yield slenderness limits (Asp) and (Asy) respectively shall be taken as
the values of the element plasticity and yield slenderness limits (Aep) and (Ley) respectively,
given in Figure 2.1 for the element of the cross-section that has the greatest value of Ae/\ey.

(1) Compact composite section
AS5100.6:2017

Steel section satisfying As < Asp at the relevant loading stage is considered compact. Cl6.2.6

In sagging moment regions, the compression flange plate elements for the steel section
need not satisfy As < Asp provided -

(a) the spacing of shear connectors perpendicular to the direction of compression is not
greater than -

28t; /@ ; and
fyr
(b) the spacing of shear connectors in the direction of compression is not greater than

. /250
i) 14t — for unstaggered connectors or
yf

i) 21t ’Zfﬂ for staggered connectors
yf

where,
tf = thickness of the compression flange plate
fyf = nominal yield stress of the flange

(2) Not compact composite section

A composite cross-section for which the steel section satisfies As > Asp at the relevant
loading stage is considered as not compact.

When the web of the I-section of a channel section member is not compact, then the
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effective section of the web resisting the demand shall be determined by ignoring the web
section under compression corresponding to the length x, as shown in Figure 2.3 below.

AS5100.6:2017
Cl5.1.4
Compression flange

A[250
28|
y
I
X
— |
Elastic centroid axis | *
—
250
— zsrwﬂ\’/f—

1

[Fig.2.3] Effective portion of the steel beam with a non-compact web

The cross-section is classified based on the least favorable class of the compression part, i.e. if
either the web or flange or both are classified as not compact, then the whole section is classified
as not compact, else it is classified as compact.

2.2 Consideration under Moment

For the section under the sagging moment region, it is considered that compressive force in the

o AS5100.6:2017
concrete does not exceed the longitudinal shear force that can be transferred by the shear Cl6.41
connection between the steel beam and the concrete deck slab at the strength limit state, and
thus, the deck is effective.

For the section under the hogging moment region, suitably anchored deck slab reinforcement

. o . ) . . AS5100.6:2017
parallel to the steel section within the design effective width of the concrete deck slab will be

Cl6.4.2
included in computing the properties of the composite section, and the concrete deck will be
completely ignored.
2.3 Compact Sections
A compact composite beam bent about the section's major principal axis shall satisfy both: 352130;3-5:2017
a) M*< ¢Ms; and
b) M*< ¢Mb
where,
¢ = capacity reduction factor
Ms = nominal section moment capacity
Mb = nominal beam moment capacity
When using high-strength steel (450 < fy < 690 MPa), a reduction in the moment capacity to AS5100.6:2017
Cl6.3.3

allow partial depth yielding of the beam shall be considered according to Figure 2.4. The obtained
value of 3 shall be multiplied by the moment capacity calculated per equations 2.3 (a) & (b).
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! 1.0
0.85
h
J; n L= dn
i 0.15 0.4 " Th
[Fig. 2.4] Reduction in Moment Capacity for Use of High-Strength Steel
2.3.1 Section Moment Capacity
For a compact section, the nominal section moment capacity (Ms) of a compact cross-section in AS5100.6: 2017
sagging or hogging bending is determined as: Cl6.4.3

Ms = Mp
where,
Mp = nominal section moment capacity determined by the simple plastic theory.

2.3.2 Beam Moment Capacity

For the beam continuously restrained by the deck at the compression flange level, the nominal

beam moment capacity (Mb) shall be taken as: AS5100.6: 2017

Cl6.5.1
Mb = Ms
where,
Ms = nominal section moment capacity of the critical section determined as per section 2.4.1
2.4 Not Compact Sections
A composite beam classified as not compact, bent about the section's major principal axis, shall AS5100.6: 2017
satisfy: Cl6.3.2

a) f5 < of,;
b) fi < ¢fy,;and

o fr<0.62f,
where,
fs* = summation of stress in steel flanges at the stage of construction under consideration
fc* = concrete compressive stress in the sagging moment regions
Each of the criteria shall be checked as follows:

2.4.1 Flange Yielding Stress

Considering each stage of construction, the total flange stress (fs*) for each flange shall be
checked in accordance with the expression shown below:

fg < ¢f;
The total stress developed in a flange (for the transformed section) is checked without
considering the effect of the slab if the slab is in tension.

2.4.2 Flange Buckling Stress

For checking the buckling of the flange, the stress in the flange is calculated in accordance with
section 2.5.

fs < ¢fy,
fb, which is determined for the highest stressed flange, shall be obtained by using the following
expression:
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For determining the value of Mb for the not compact section with the beam continuously

restrained by the deck not at the compression flange level, the following expression shall be A|55100-512017
considered: cl6.5.2
Zec
M, = M (—>
b bs Zes
where,

Mbs = beam moment capacity (Mb) of the steel beam alone
Zec = effective section modulus of the transformed composite section (for compact sections, Zec
equals Zp).

Zes = effective section modulus of the steel section alone

Under lateral torsional buckling, when restraint to the steel compression flange is provided by a
deck slab connected to an unstiffened web, either directly or via the tension flange over the
length of the beam, the nominal beam moment capacity (Mb) shall be the same as above.

2.4.2.1 Calculations for Mb

a) Segments fully or partially restrained at both ends
AS5100.6: 2017

. . . . Cl5.6.1
For open sections with equal flanges and uniform cross-sections

My = apasMg < Mg
where,
Ms = nominal section moment capacity of the section
The nominal section capacity of the non-compact section shall be calculated as follows:
M; = fyZenc
Zenc = effective elastic section modulus of the transformed steel section, which is
calculated at the extreme fibers of the steel section in accordance with Figure 2.3.
Ms is calculated for both steel flanges, and the smaller value is taken.

am = moment modification factor for bending

The moment modification factor shall be calculated as:

_ 1.7M}, .

VIMD? + (M3)2 + (MpD?]

Om

where,

My, M3, M3, M3 = maximum design bending moment in the segment, design bending
moment at the quarter points (2,4) of the segment and midpoint of the segment,
respectively

as = slenderness reduction factor

The slenderness reduction factor shall be calculated as follows:

oo () +2- ()
o, = 0. -
s Moa Moa
where,

Moa = Mo, where Mo is the reference elastic buckling moment.
T2EI m2EIl
M, = Y16+ =
o= o ()
where,
E, G = elastic moduli

ly, J, lw = section constants
le = effective length
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For I-sections with unequal flanges
AS5100.6: 2017

The nominal member moment capacity (Mb) shall be determined in accordance with C15.6.1.2
2.4.2.1(a), except that the reference buckling moment (Mo) shall be determined by the
following:

_|(m?El, n2El,\ (BZm2ElL By |/m2El,
= () o () (] + % )

The monosymmetry section constant (34) shall be determined using the following:

21
B, = 0.8d; [( Cy) - 1]
Iy
where,

d¢ = distance between flange centroids
[y = second moment of area of the compression flange about the section principal y-
axis

cy

b) Segment unrestrained at one end
AS5100.6: 2017
The nominal member capacity of a segment unrestrained at one end shall be computed Cl5.6.2
as:

Mb = aSMS < MS

Taking the value of as

where,
Mob = elastic buckling moment

2.4.3 Concrete Stresses

For the section under sagging moment only, the concrete stress check shall be performed in
accordance with the expression provided below:

X
fe < 0.62f,
where,
fc* = maximum concrete compressive stress in the slab

2.5 Strength of Stiffened Flanges

The flange plates are checked for the following stress criteria: AS5100.6: 2017

€l7.33.1
\/(ff*)z + (£7)% — (ff£) + 3(f;0? < dfys

where,
ff*= longitudinal stress at the mid-plane of the flange plate (taken as positive in compression)

f2*= co-existent in-plane transverse stress at the mid-plane of the flange plate (assumed as zero,
as it cannot be considered through 1D analysis)

fvf*= shear stress in the flange due to torsion and shear force
=fy + (0.5f;)
where,
fvt* = in-plane shear stress in flange plate due to torsion
fvj* = shear stress at the junction of the web and the flange
fvf = nominal yield stress of the material of flange plate
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2.6 Strength of Longitudinal Flange Stiffeners

The compressive flange plate shall be checked for the following:

a) fg + 2.565kg; < dkyyfyg 2-6

b) f5 + 2.5f5ks, < dky,fye

where,

fs = longitudinal stress at the centroid of the effective section of the stiffener (compression

taken as positive)

fy: = in-plane shear stress in the flange plate due to torsion (always positive)

ks1, ks2 = coefficients used for the design of longitudinal flange stiffeners obtained from
Figure 7.3.3.3 of AS5100.6:2017

kL1, kL2 = reduction factors obtained from figure 7.3.3.3 of AS5100.6:2017

fys = yield stress of the stiffener material

fyf = nominal yield stress of flange plate material

ve = fue + (0.5 £35)

fJ]- = shear stress in flange plate at the junction with the web of beam due to shear force
on beam

2.7 Shear Capacity

The shear capacity of the web (Vv) shall satisfy the following conditions:
V* < dpVy

where,

V* = design shear force from the analysis

¢ = capacity reduction factor specified in section 1.7.2
Vv = nominal shear capacity of the web

The nominal shear capacity of the web shall be determined considering the shear stress
distribution is approximately uniform.

Depending upon the ratio of the depth of the deepest web panel (dp) to the thickness of the web
(tw), the nominal shear yield capacity of the web or the nominal buckling yield capacity of the
web is determined. Refer to the table given below:

[Table 2.1] Shear capacity of a section

Shear capacity shall be in accordance with

d
d _ 82
tW fy Vv =Vw

250
dp S 82
tw fy Vv =Vp

250

2.7.1 Shear Yield Capacity

The nominal shear yield capacity of the considered section shall be determined in accordance
with the equation given below:
Vi = 0.6f,A,,
where,
Aw = gross cross-section area of the web of the considered section

AS5100.6: 2017
Cl7.333

AS5100.6:2017
Cl5.10.1

AS5100.6:2017
Cl5.10.1

AS5100.6:2017
Cl5.10.4
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2.7.2 Shear Buckling Capacity

The shear buckling capacity of the section shall be calculated depending on whether the web is

unstiffened or stiffened.

a) Unstiffened web
2-7

If the transverse stiffeners are not ¢ section, then the program will
consider the web to be unstiffened and the nominal shear buckling capacity shall be

calculated as:

Vi = o,V < Vi
where,
av = shear buckling coefficient of the web

b) Stiffened web

If the transverse stiffeners are defined for the section, then the program will consider
the web to be stiffened and the nominal shear buckling capacity of the stiffened web

with s/dp < 3.0, shall be calculated as:
Vb = ayoqoVy, <V,

where,
_ _2,
82 0.75 ) S
o, = +1]<1.0if 1.0<—<3.0
v 2 d
(d_p) 2 (i) P
[\t,,/N250] L\dp
_ 22
82 10 075l <10if = <10
A, = . <101l —= 1.
L)l ) "
[\t,,/N250] L\dp

ag = tension field coefficient for web shear buckling
1-a,
=1+

2
S
1.150(v 1+ (d_p>

For s/dp > 3.0, the value of product a, a4 is taken from table 5.10.5.2 of AS5100.6:2017.

d f
However, if s/dp > 3.0 and (t—p) \/ﬁ <90 or >180, value of a, a4 does not exist.

Hence, a, a4 = 0 will be considered.

The flange restraint factor af shall be taken as:
i) af =1.0;0r

i o =1.6— 90

(e
d?tw
for the webs in which longitudinal stiffeners are not provided.

The bt shall be taken as the least of the following:
12t

|) \/E'
250

i)
i)

The distance from the mid-plane of the web to the nearer edge of the flange.
Half the clear distance between the webs if there are two or more webs.
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2.8 Interaction of Shear and Bending

A composite beam subjected to combined bending and shear shall satisfy: AS5100.6:2017
V< Vo, Cl5.11.3

where,

V' =V, for M* < 0.75¢pM;

*

1.6M .
=V, [2.2 — ( DM, )] for.75¢M; < M* < oM
Vv = nominal shear capacity of web in shear alone

Ms = nominal section moment capacity

2.9 Shear Capacity of Web with Longitudinal Stiffeners

For beams with the longitudinal web stiffeners, the yielding, and the buckling of each of the web
panels shall be considered.

2.9.1 Yielding of Web Panel

To consider the yielding of web with longitudinal stiffeners, the condition shown below must be

. AS5100.6:2017
satisfied:

Cl7.4.2

* 2 * * Lk *
\[(fle) +(£)2 = fiof; + 3(£)% < of,
where,
fr, 5, f5, fy = coexistent components of the stress as shown in the figure below

£ i h__ £ £

1 b

T T r TTT T_-f_-?rl Direction of main

longitudinal stress
in the plate panel

fi = mean longitudinal in-plane stress on a cross-section of the panel (taken as positive in
compression)

f3=in-plane transverse stress (assumed as zero, as it cannot be considered through 1D analysis)

fy = maximum longitudinal stress due to in-plane bending of individual panel (taken as positive
in compression)

f; = average design shear stress due to applied shear force

fle = effective longitudinal in-plane stress in the plate panel, which shall be considered using the

following conditions.

i) When transverse stress f; is absent
fie = f; +0.77f,

ii)  When transverse stress f; is present.
fle = f; +kfy
where,
k = 2y/b or 0.77, whichever is smaller
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2.9.2 Buckling of Web Panel

The transverse stress shall be calculated at each of the panel locations as per the dispersion
criteria specified below:

Panel | Transverse
stress f;

h > [ ] to be used

for each panel
over length a
Ly P

.% -

a.t

1w
p*
aztw

p*

v

o

4

p*

i

o | @

t

a,t

U S— BN

3w

OICHONONS,

0

C

(a) Typical panels (b) Treatment of panels

[Fig. 2.6] Load Dispersion through the Longitudinally Stiffened Web

2.9.2.1 Restraint for Web Panels

Whether the web panel is restrained or unrestrained shall be decided based on the following

formulations. It could be noted that all the interior web panels i.e. not adjacent to a flange, may

be deemed to be restrained.

The web panels adjacent to the flanges are deemed restrained if:

a)

b)

A<24; or

2
fyf

o 2
5ol
vi\ o
if
28

i) A > [66 + ((¢ )2)] then mfw is greater than the limiting value as per figure
p
7.4.3.2.2 of AS5100.6:2017.

where,

b [f

ty | 355

Mo, = fyebget?
2f,, b2ty

a,b = length and width of the panel

tw = thickness of the web

fyw = nominal yield stress of the web material

fyf = nominal yield stress of the flange material

bfe = effective width of the flange, taken as smallest of:

A. 10t fﬁ
fyr

B. distance from the mid-plane of the web to the nearer edge of the flange, i.e.,
taken as zero if there is no flange outstand or
C. if there are two or more webs, half the clear distance between webs.
where,
tf = thickness of the flange
fvf = nominal yield stress of the flange material

i) mg, > 0.00025(A — 24) for 24 <A\ <84, but A be taken as 84 for A>84
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dp = aspect ratio a/b as shown on Figure 7.4.2 of AS5100.6:2017
ff*= longitudinal stress in the flange plate, including any redistribution of stresses

2.9.2.2 Buckling Coefficients

The buckling coefficients mentioned below shall be obtained from the AS5100.6:2017 clause
7.4.3.3.

a) Axial coefficient (K1)

b) Shear coefficient (Kv)

¢) Bending Coefficient (Kb)

d) Transverse coefficient (K2)

2.9.2.3 Interaction Buckling Criterion

For each panel of the section the following condition shall be satisfied: AS5100.6:2017
me+mp+3m, <1 Cl7.4.3.4

The check is based on whether or not the transverse stress is present in the panel.
a) Transverse stress is absent in the panel.

fy
m —_—
‘ ¢fwa1(1
m
S [T Kb(l—m]
T <¢fyw1<v>
where,

f1*=as described in 2.9.1

fyw = nominal yield stress of the web material
K1, Kb, Kv = as described in 2.9.2.2

fb*, fv* = as described in 2.9.1

b) Transverse stress is present in the panel.
m, = /(m; + m,) for positive value of (m1+m2)
m, = —{,/ —(m,; + mz)} for negative value of (m1+m?2)

_[rzz

m; = shall be taken as negative if f1*is tensile
17 otywke(1-p) &
2
£ - . .
m, = ( 2 ) shall be taken as negative if f2*is tensile
dfywKaz
where,

m1, m2 = factors for checking the plate panel interaction buckling criterion

2.9.3 Strength of Longitudinal Web Stiffeners
AS5100.6:2017

The strength of the longitudinal stiffeners shaII be determined by using the following equation: Cl7.4.4.2
se = q)fLs

where,

fse = equivalent axial stress in the stiffener for buckling

f.s= limiting stiffener stress obtained from the Figure 7.4.4.2 of AS5100.6:2017

A = slenderness ratio

_a fys

" Teel355

£ = kfr 4+ (2 5 + (az>f )btwks
se s'1 My bz 2 Ase

k = coefficient used in determining the effective stiffener stress
= 1.0 for continuous longitudinal stiffeners
= 2.5ks for discontinuous longitudinal stiffeners
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f] = longitudinal stress along the stiffener connection centre-line derived without redistribution,
taken as positive if compressive

f;= average shear stress

a = clear distance between transverse web stiffeners

b = mean of the clear widths of the web plate panels above and below the line of attachment of
the stiffener under consideration

f5 = coexistent transverse stress, if any, taken as positive if compressive

tw = web plate thickness

ks = coefficient obtained from Figure 7.4.4.2 of AS5100.6:2017 using the value of A

rse = radius of gyration of the effective stiffener section about an x-x axis parallel to the web

Ase = area of effective stiffener section

2.10 Verification of Design/ Check Results

Midas Civil provides the design output in various formats. The following design outputs are
available for the user:

i)  Design Result Tables
ii) Design Report (Microsoft Word .docx file)
iii) Steel Composite Design Results Diagram

The design results shall be checked as follows.

® Design > Composite Design > Design Results Tables

Demand Dkl *fy
Elem part Leom Type CHK (kM=) (ki)
B [ scLCB9 |- oK 37171.010 | 214791 3424
1@ scLCBS |- oK 10069.338 | 224719.1486
212 sclCB1 |- 0K 0.0000 | 228936 7538
2 (i3] sclCB1 |- 0K 0.0000 | 228936 7538

[Fig. 2.7] Result Table

2-12 Steel Composite Girder Design: AS5100.6:2017



St Conpusits Desin Aesult Digram

Lood Combrnatin
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Design > Composite Design > Print Result

= MEMBER NAME : Steel Composite 1 1-1i

1. Member Information
1) Design Code:
AS 5100.6:2017
2) Section Property
G1-3
3) Material
Steel

f, = 360.000MP=, E = 200,000.000MPz
Concrate

f.' = 32.000MPa, E = 30,100.000MFz
Reinforcement

.y = 500.000MPz, E = 200,000.000MPz

4] Length
L= 1.000m

5) Section Properties

37

[

u ;
bl -
#

Steel Section Short-Term Composite Section | Long-Term Composite Section
Area 185,163.617mm® 385,823.617mm* 235,046.609mm*
1, 7.623030=+10mm"* 1.610550=+11mm* 1.096118=+11mm"
I 2.857647e+11mm* 8.817847e+11mm" 4.254137e+11mm*
C 1,790.000mm 1,750.000mm 1,750.000mm
[ 635533mm 1114 418mm 824 £88mm
Shart-Term Composite Sectian( Cracked | Long-Term Compasite Section| Cracked |
Area 200,227.217mm® 200,227 217mm®
1, 2.611752e+10mm* 3.611752e+10mm*
I 3213156+ 11mm" 3.715155e+1 Imm*
G 1,750.000mm 1,750.000mm
[ 651.714mm 631.714mm
2. Moment Capacity ( y-Dir., Negative )
Neg.Moment | C® 8 ]
1) Design Force
Farce steel Long Temm Campesie Shart Term Campesile Summation
Fa k) [ .00 .o
My (N | 150.000 2,600,000 0.000 2,750.000
Mz | kN-m | 0.000 0.000 0.000 0.000
2) Stress
stresses [ MPa | steel Long-Term Camposite. shart-Term Camposite Summation
Aeinfarcement 0.000 30.599 30.599
Tap flange Leas 73081 oo 35,108
Battam flange. 1028 73840 o000 25268
3) Section classification AS 5100.0:2017

Sieel Camposite D unlnu(maunmﬁ ki

[Fig. 2.8] Design Report

wstcs I

Design > Composite Design > Steel Composite Design Result Diagram

LA EEEATTATTTI

LTI

[Fig. 2.9] Result Diagram
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Chapter 3. Steel Composite Girder Design: AS5100.6:2017

Serviceability Limit State

The serviceability limit state shall be checked for the crack control of the slab and the longitudinal

shear force in the shear connectors.

3.1 Crack Control of Slab

AS5100.5:2017
Clo.4.1

For the reinforced slabs, the crack shall be deemed as controlled if all the following requirements

are satisfied:

a) The reinforcement provided in the slab shall be greater than the minimum
reinforcement required. The minimum reinforcement shall be calculated using the

following formula:

where,
b = width of the slab
d = depth of the slab

b) The centre-to-centre spacing of the bars (s) shall not exceed the lesser of

i) 2Ds
i) 300mm

Ay = 0.0025bd

AS5100.5:2017
clo.1.1

c) For SLS combinations, the maximum tensile stress in the steel bars (f;") shall not be
greater than the maximum stresses given as:

i) For the largest nominal diameter (db) of the bar in the tensile zone, the
maximum tensile stress is as shown in the table below:

[Table 3.1] Maximum Steel Stress for Flexure in Reinforced Slab - Nominal Diameter

Nominal bar diameter . .
(db) in mm Maximum steel stress (fsc;p) in MPa T Er
For Ds<300mm For Ds>300mm Table 9.4.1{)

8 345 400
10 320 360
12 300 330
16 265 280
20 240

24 210

ii) For maximum centre-to-centre spacing between the bars in the tensile zone,

the maximum stress is as shown in the table below:

[Table 3.2] Maximum Steel Stress for Flexure in Reinforced Slab - Centre-to-Centre Spacing

Centre-to-centre spacing in mm Maximum steel stress (fscs) in

MPa
50 360
100 320
150 280
200 240
250 200
300 160
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™ Crack Control of Slab

The results corresponding to crack control in slabs shall be viewed in the form of a result table or

the design report.

@ Design > Composite Design > Design Result Tables/Print Result ...

8. Crack Control of Slab

2] Effective Section Property

o LCB sclCB11
== £ f f 28.652MP= / 265.000MFz = 0102 oK
1) Design Force
Farce Steed Long Term Composite Shart-Term Composite Summation
Fa | hrg ) 0.000 0.000 0.000 0.000
'\i'f[ KNem | 1500000 2,600,000 0.000 2,7500000
Mz kMN-m ) 0000 0,000 0,000 0,000

Steel Section Short-Term Composite Section | Long-Term Compasite Section
Area 175,536.701mm* 187,600.301mm?* 187,600.301mm*
I, 71190792+ 10mm* 3.014047=+10mm* 5.0140472+10mm*
C E77.583mim 734.841mm 734.841mm

3) Rebar

[
"= : z =-28.652MFz 21, = 265.000MFa

by

whers,

Iy ar = B.0140472+10mm*

z=883.155mm

foern = 265.000MPa | Mominal Diameter |

fier.s = 240.000MPa | Center-to-Center Spacing |
fier = M| fieons, Firs | = 265.000MPa

- Check minimum area of reinforcement
&, = 6,031.800mm* » A, = 2,400.000mm*
where,

A, = 0.00250d = 2,400.000mm*

- Check the maximum =pacing of rebars
5= 200.000mm £ 5,0 = 300.000mm
whers,

D, = 220.000mm

Sese = minf 204, 300 ) = 200.000mm

[Fig. 3.1] Result output for crack control of slabs

3.2 Longitudinal Shear

The longitudinal shear check shall be carried out for a section under consideration depending
upon the shear connectors’ data provided for design.

The shear force per unit length for a section shall be calculated as follows:

vl = V*Aeye
I;
where,
V" = design shear force for the section
At = area of the section to one side of the shear plane
yc = distance of the neutral axis of the transformed cross-section to the centroid of the area At
I+ = second moment of inertia of the transformed composite cross-section (short-term composite

section)

The following check shall be performed for the serviceability load combinations under
consideration:

UZ < ¢ULS
vis = permissible longitudinal shear force per unit length at serviceability state

Vs = 0.55nf,
where,
¢ = capacity reduction factor
n = number of shear connectors per unit length of the section
fis = characteristic shear capacity of the shear connectors, which shall be considered as the
minimum of the following:

AS5100.6:2017
Cl4.8

AS5100.6:2017
Cl6.8.3.2

AS5100.6:2017
Table 3.3

AS5100.6:2017
Cl6.8.4.4
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frs = min( &spear dl%sfum 0-29dl%s fclyEc )

where,

dbs = nominal shank diameter of a shear stud in the range [15.9,25] mm

fuc = ultimate tensile strength of the shear connector material limited to 500 MPa
feoy= characteristic strength of the concrete at the age being considered, but not
greater than f: or else f;, = 100 MPa

Ec = elastic modulus of slab concrete corresponding to the relevant value of fomi
shear = 0.70 for headed stud connectors welded per Clause 2.6 of AS5100.6-2017

1 Shear Connectors

The data relating to shear connectors, such as the diameter, height, grade of steel, pitch, spacing,
etc., can be specified in the “Shear Connectors” dialog box. The built-in database for the diameter
of the shear connectors and their grade can be specified by clicking on the - button provided in
front of each mentioned input field.

& Design > Composite Design > Shear Connector

Tree Menu

Ge... Steel Co.. SRC PSC gedey Ra..

Shear Connector ~ E]

Option
O addjreplace (O Delete

(] Both end parts(j &j) have the same
type

I

Pitch 150 mm
Height 125 mm
Dia e 20 mm
Fu E] 0.5 kM /mm?2
Transverse Spacdng

100 o

Mum. of Shear Connectors

5 frow

Tree Menu

[Fig. 3.2] Shear connector data for design

The data provided can be checked and modified by clicking on the ' button at the top of the
tree menu.
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Pitch-1 Heightl Dia-l Fu-l Spacing Shear Conn.-l
Elem | Both-lJ (mm) (mm) (mm) (kKNfmm?) (mm) Num. of Shear Conn.-1
1 3 150.00 125.00 20.00 0.50 100.00 5
2l ¥ 150.00 125.00 20.00 0.50 100.00 5

[Fig. 3.3] Input data for the design of shear connector

O Longitudinal Shear Check

The results corresponding to longitudinal shear shall be viewed in the form of a result table or
the design report.

Design > Composite design > Design Result Tables/Print Result ...

5. Longitudinal Shear for SLS

LCB SLS

Shear Force
v/ v

3,834.248kN/m / 4,209.302kN/m = 0.911

0K

1) Design longitudinal shear force per unit length
. VA
le

o= = 3,834.248kN/m

Where

V' =6,400.915kN

A, = 103,730.000mm?
7. = 332.410mm

I, = 5.756252e+10mm*

2) Characteristic shear capacity of shear connectors
fis = Olshear Obs *fuc = 201.600kN
fie = 0.29dp,% /'y B2 =191.332kN
fie = 191.332kN
Where
des = 24.000mm
fuc = 500.000MPa
f'c, = 40.000MPa
Cshear = 0.700

3) Design for longitudinal shear
ovis = 4,209.302kN/m
v = 0.55nf,s = 4,209.302kN/m
n=4/100.000mm
¢ =1.000

AS 5100.6:2017, 6.6.4.4

AS 5100.6:2017, 6.6.3.2

AS 5100.6:2017, 4.8

[Fig. 3.4] Design Result Output for Longitudinal Shear
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