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Composite beam in SCIA ESA PT
About

Introduction

This document explains the composite beam functionality within SCIA=ESA PT.

Modelling of both ‘standalone’ composite beams (defined individually) and “plate with beams’ (composite
beams defined as part of a floor panel) are described here. The design checks that can be performed on the
composite beam and their results are also presented in detail.

This document when read in conjunction with the theoretical background will be a useful reference for anyone
who wishes to perform ‘design check’ for composite beams within SCIA =ESA PT.

Composite beam design
Overall features

SCIA=ESA PT supports single or multiple spanning beams and covers simply supported, continuous or
cantilever construction.

The program covers:

e Final stage (composite) and construction stage (non-composite) design calculations for ULS, SLS
and fire limit states

e Use of standard and user-defined profiled steel decking

e Use of solid slabs, haunched solid slabs and hollow core slabs
e  Propped and unpropped construction of the beam

e Floor load generation for secondary beams

e Use of normal weight (NWC) and light weight concrete (LWC)

e Use of headed shear connectors, Hilti, channel and bar-hoop connectors

Typical operation

A typical operating sequence for a standalone composite beam might be as follows:

Define a project with ‘concrete’ & ‘steel’ as materials and choose ‘composite’ in the functionality.
2. Define the beam through ‘Horizontal beam’ or ‘Drawing a member’ by specifying the following properties.
a) Library set to ‘Composite beanm’

b) Composite beam data which includes beam type, slab type, transverse and longitudinal reinforcement,
shear connector type, lateral restraints for construction stage and fire insulation data

c) Effective flange width to left and right of the steel cross section
d) Steel cross section defined through ‘Profile library’
e) Beam length or start and end points

Most of the data for composite beam are entered through specific libraries which can be used across
projects.

Define the beam supports.

Define the permanent and variable load cases and corresponding loads.
Designate the load cases for construction stage using the solver options.
Run the analysis calculation and verify the results

Verify the parameters for code check in ‘Composite —> 1D member Setup’

© N o oA~

Perform code check for ULS, SLS or Fire limit states

The above sequence also holds good for a beam part of floor panel except for the geometry definition.
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The design check calculations are based on the chosen national code in project details. This version of
SCIA=ESA PT supports composite beam checks in accordance with either BS5950: part 3: 1990 or BS EN
1994-1-1:2004.

Project data

Material - Concrete

The strength of concrete must meet the design code requirements for composite beams and shall not be less
than 25N/mm?2 for LWC or 30 N/mm? for NWC. Similarly, the maximum value of concrete strength shall not be
taken as greater than 40 N/mm?2 for LWC or 50N/mm? for NWC for design.

Complying concrete | BS code EC code

grade

Normal concrete C30 to C50 C20/25 to C60/75
Light weight concrete C25to C40 LC20/22 to LC60/65

Project data x|

Basic data Funu:tiu:unalit_l,ll Lnadsl Combinations | Protection

il Struchure :
—Data
General #rL j
— Material :
Name I Concrete =
Part b aterial 25430 v||
& | Steel =
Drezcription I b aterial
Timber O
Author I Other 0
Alurninium O
Date [19. 05. 2007
Project Level : hModel :
Irl'-.d\-'anc:ed j IEIne j
9}~ National Code:
( : |
' BS
o R <

(] 4 I Cancel

Figure 1: Project data — Basic data

The material grades can be chosen by opening the "Materials" library (click ... next to the grade). There is a
standard list of material grades available in the system database for various materials like steel, concrete,
reinforcing steel etc. The required ones can be included in the project from the database. Note that Type of
concrete’ is input through ‘Composite > Setup > Calculation parameters’ and is not part of material library.

Functionality
‘Composite’ is enabled in the functionality only when both concrete and steel are chosen as project materials.

The user can choose ‘fire resistance’ (on selecting ‘composite’ in the functionality) in order to carry out fire
resistance checks for the composite beam.
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Project data x|

Basic data  Functionality | Loads I I:Dml:uinatiu:unsl F'ru:uteu:tiu:unl

!
i

Initial stress O Connection modeller O
Subzail O Frame rigid connections O
Manlinearity O Frame pinned connections O
Stability O Grid pinned connections O
Clirmatic loads O Bolted diagonal connections O
Prestreszing O Expert system O
Pipelines O Connection monodrawings O
Structural model O Scaffalding O
Parameters O LTE 2nd Order O
Mobile lnads O B Composite

Owerview drawings O Fire resistance &
Composite E

ak I Cancel

Figure 2: Project data - Functionality

Composite beam library

Composite beam library

Beam type
The beam type options are primary / secondary. This input is used for reference only.

The detailing of beams must be such that no significant torsion is transmitted to the beam. If this is not the
case, additional calculations will need to be carried out.
Slab data and properties
The types of slab supported are
1. Solid
2. Haunched solid
3. Profiled deck
4. Pre-cast slab

When the "Profiled deck" or "Precast slab" option is selected, an additional dialog is activated to help select a
profile deck / pre cast slab type from the program product libraries.
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Il Composite slab data 4 |
gk oo S oHd - ¥
CBD1

Eef L EBef B
Dis
Lip
D
Db
M arne - CBD1 -

B Composite slab data properties
Type of beam Secondary j_
Type of deck slab Prafile deck, j
SR Profile deck

Prafile deck, Superibl-2 v| |
Total slab depth, D [rmm] 130

Frofile Depth, Dp [mm] a1

M anufacturer Richard lees

Prafile shape Dot ail

Woeight [kMAm™2] 0y

Effective thickness [rmm] 1 -

M | [mzert | Edit | Deletel k. |

Figure 3: Composite slab data

Profiled sheet data

Clicking on the ‘..." next to the default deck opens the Diaphragm library. The user can view the data of
standard and user defined decks by opening the system database from the Diaphragm library. The required
data can be added to the project through the same.
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W Diaphragms |
-
B Superib -2
M arufacturer Richard lees
Frofile shape D ovetail
| - rmarment [m™4/m) 0.oo
E1+ [mskN] 0.000
K2+ [m™2/kN] 0.000
K- [mkM] 0.000
K2- [m™2/kM] 0.000
B Geometry
A, [ it
B [rori] 115
C [rori] 141
D [mm] 51
Thickness [mm] 1
Maminal thickness [rmm) 1
Wwheight [kMAm™2] 017
I aterial Grade 43 v| |
M | Inzert | Edit | Delete | ] |

Figure 4: Profile deck library
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Read from database

X

|F'ru:uieu:t databaze

|System database

Supetibl-2

Cloze

CF47
R51

R2Z2

RE3

R&4

REE

R56
CFen
_F&l
TRED
TREL
TREZ

5. Holorib
5, Holoribl
3.Holoribiz
3.Haolorib3

3. Holorib

3. HoloribS
Rib deck E&D
Rib deck EA1
Rib deck EAZ
Rib deck AL
Rib deck AL1

CF46 -]

I!m S.Holaribl

b anufacturer

Frafile shape

| - marment [m™...

K1+ [mdkM]

K2+ [m™2/kN]

k1- [mdkM]

E2- [m™2/kN]
B Geometry

A [romn]

B [rmm]

C [rrm]

D [rrn]

Thicknezs [mm)

Mominal thickn...

Weight [kM/m...

Rib deck ALz j

Richard lees
Dovetail
0.00

[0.000

0,000

0,000

0000

<< Copy to project I

<« Copy all

Figure 5: Profile deck system database

Deck orientation: In the case of profiled deck slabs, it is necesssary to define the orientation of the decking on
either side of the beam. The rib direction is either Parallel or Perpendicular to the beam. The rib direction on

either side of the beam may be different.

B Profile deck
Prafile deck,

Total glab depth, D= [mm)
Prafile Depth, Dp [mm]

bl anufacturer
Prafile zhape
Weight [kN/m™2]

E ffective thickneszs [mm]
Marninal thickness [mm)

Rib centers [mm]
Rib width [rm]
Yield strength [MPa]

Left zide rib direchion
Right zide rib direction

Superibl-2
130

a1

Richard lees
Doveetail

0y

1

1

153

1145

275.0
Perpendicular
Perpendicular

Contribution to longitudinal shear resistance

[S heet continuous

O Mao
O Mo

Shear connector welded through prafile sheesting
Self weight of slab [kg/m™2]

Figure 6: Profile deck properties

E Yes
290.22

lele
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As shown in the above picture there are options to include the resistance offered by the profiled sheet in the
calculation of the slab longitudinal shear resistance. The sheet continuous option is disabled by default
whenever the orientation of profiled sheeting on any one side is parallel.

Please note that this software does NOT design the deck or the slab.

For primary beams, the deck direction is set parallel to the beam by default. User can modify the default left
and right side rib directions. By default the beams generated by the composite load/floor panel are secondary
beams with deck direction perpendicular to the beam. User can change this setting.

Pre-cast concrete slabs

In order to select a slab section or create a user-defined section click on the ‘...’ next to default slab. This will
open the Hollow core slab library. The user can view the data of proprietary pre-cast concrete slab sections by
opening the system database from the Hollow core library.

In this type of construction, the concrete flange of the composite beam is formed by infilling the voids in the
hollow core slabs with in-situ concrete over a limited strip width. Typically this would be 500 to 600 mm on
either side of the steel beam centre. The flange thickness is taken to be equal to the slab thickness.

The joints between the pre-cast slabs must also be solidly in-filled with concrete. The remaining hollow
portions of the slab are not included in the effective flange of the composite beam. The reinforcement "dowel’
bars are placed in all / some of the in-situ in-filled cores to augment the longitudinal shear resistance. For solid
pre-cast slabs, special pockets or cores are introduced at the ends of the slabs to accommodate the "dowel’
bars.

B Composite slab data __ x|
A eBEk v & EE S
CBD1

Ewup
Eef L Eef R
Is
Db D

J )

Mame CBDM -
El Composite slab data properties
Type of beam Secondary ;I
Type of deck slab Pre-cazt slab ;l
B Pre-cast slab
Pre-cast zlab HEA v| b |
bd anufacturer Bizon
Slab width [rom] 1200
Slab depth, D [rarm] 100
Self weight [ka/m™2] 24490
Core pitch [mm] 100

b aterial C16/20
Gap width between pre-cast slabs [rmm) L]
Transverse and longitudinal reinforcem. ..
Beam data

=l
Few | Inzert | E dit | Deletel ] |
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Figure 7: Slab data

Il Hollow core slab Library

AR eB Kk ool s

i ST,
vy

HC1 I ame HC1
b arufacturer Bizan
Slab width [rmm] 1200
Slab depth, Dz [mm] 100
Self weight [kM/m™2) 240
Core pitch [rmm) a0
Thickness of individual web [bw] [mm] a0
Thickness of autermost web at the level .| 40
Met height of the joint [kl [mm] 180
Smallest walue of upper thick. of flange [... | 35
Smallest walue of lower thick. of Hange [.. | 35

P | | LI ge |
I e | [nzert | Edit | Delete | k. |

Figure 8: Pre-cast slab library
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X

|F'ru:uieu:t databaze

|System database

HC1

E100 -
E150

Ez00

E250

E300

E350

E400

E450
MSeries110
M3eries 150
M3eties200
Spiroll150
Spiroll200
Spiroll220
Spiroll260
Spiroll320
Spiroll400
Spiroll450
Widespan1s. ..
Widespanls,,, —
Widespanz00
BO110

E2150

EDss150

Boz00 L|

b arafacturer

Slab waidth [rmm]
Slab depth, D'z [rim]
Self weight [kMNAm...
Core pitch [rm)
Thickness of indiv...
Thickneszs of oute...
Met height of the ...
Smallest value aof ...
Smallest value of ...

M Senesz150

Tarmnac Topfloor
1200

180

232

250

Lo o e o

<< Copy to project I

Cloze

<« Copy all

Figure 9: Pre-cast slab system database

Total slab depth: The thickness of structural concrete must meet the requirements for strength and stiffness for
its function as a suspended slab independently from the function as a composite beam flange. It should be
noted, however, that this program does not design the slab. Concrete depth must meet the following

conditions:

1. The overall slab depth must not be less than 100 mm, for a solid slab.

2. With steel decking, the concrete depth above the deck must be a minimum of 50 mm. The overall
depth of the slab should also not be less than 105 mm.

3. A minimum cover of 15mm is required for all shear connectors.
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Transverse and longitudinal reinforcement

M Composite slab data |
A ek o> &l EE| . g
CBD1

Bef L Bef R
EEweseee——
Dp
D
Dh
El Transverze and longitudinal reinforcem. .. -
B Top
Input type Library j_
Taop Al42 vI I
Direction cloze to surface Tranzwerze bar
Cover [mm] 15
Characternizstic yield strength [MPa] 460.0
B Tranzverse
Dhia [ram] 6.0
Centers [mm] 200 =
I e | [nzert | Edit | Delete | aF. |

Figure 10: Reinforcement data

Transverse reinforcement

In composite construction, the longitudinal shear resistance of the concrete slab must be consistent with the
longitudinal shear transfer. Critical shear planes fall on the face of the beam on either side of the shear
connectors (shear plane a-a) and around each shear connector or pair of connectors (shear surface b-b). See
BS 5950 : Part 3 : Clause 5.6.5.

10



Il 2D Reinforcement mesh library 1[
A eBEk o & sEE - Y
Biss: - (O
Dezcription
Producer
Code Al R
Bl Reinforcement ¥ a— A
M atenial included &
I aterial 5460 ..
Type of mesh Al142 -|...
Direction close to =.. | 1 hd
B1
Diameter [rim] E.0
Bar distance [mm] | 200
Offget [mm] ]
Reinfarcement ar... | 141 7 '
=2
Diameter [rim] £.0
Bar distance [mm] | 200 j
Offget [mm] ] i
Reinforcement ar... | 141
Total weight of reinf... 220
Bar lap [rinn] 300

N | Inzert | Edit | Deletel

Il Reinforcement mesh type Library

=)

Mame
Description
Reinforcement

=1

Dliameter [mm]

Bar diztance [mm]

Offzet [mrm]

Reinfarcement area [mm™2]

=2

Diameter [mm]

Bar distance [rm]

Offzet [mrm]

Reinfarcement area [mm™2]
Tatal weight [ka/m™2]

a142

E.0
200

4

E.0
200

4
221

R | Ihzert | Edit | Deletel

L

Figure 11: 2D reinforcement library Figure 12: Mesh type library

Composite beam in SCIA ESA PT
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Read from database x|

|F'ru:uieu:t databaze |System database
Al4z AD3 N

Al4z Deszcrption

Al E Reinforcement

£393 B
Diarneter [rmm] 8.0
Bar distance [mm] | 200
Oftzet [rorn)] 1]
Reinforcement .. | 2571

B2

Driarmeter [rmm] 2.0
Bar distance [mm] | 200
Oftzet [mm) 1]
Reinforcement .. | 2571

Tatal weight [kad... 2.599

INIEEHER
<< Copy to project I

Figure 13: Reinforcement mesh system database

The design longitudinal force is appropriately modified in the program, for the level of stress in the beam and
for the number of shear connectors provided.

The components of concrete longitudinal shear resistance are:
1. Concrete shear strength, Vcr
2. Effectively anchored reinforcement crossing the shear surface.
3. Shear strength of the profiled steel decking, if present and deemed to be effective, Vp.

If the decking spans parallel to the beam on one or both sides, the program assumes that the decking is
discontinuous at the critical shear plane. Any contribution of the decking is dependent on thorough — welding of
alternate shear studs and is controlled by the tick box in the profiled sheet input page.

The maximum longitudinal shear force that can be transferred is limited by horizontal splitting of the concrete
and is dependent on the slab depth and concrete strength only. This may limit the effectiveness of additional
transverse reinforcement in thin slabs.

Longitudinal reinforcement

The longitudinal reinforcements are necessary to improve the moment capacity of the composite section in the
hogging regions, where the concrete is assumed to be cracked and will not contribute on section capacity or in
other words the composite model is with steel beam and the effective steel reinforcement. As per section 4.4 of
BS 5950:Part3:section3.1, all welded mesh reinforcement and bar reinforcements which is less than 10mm are
treated as nominal reinforcement and should not be included in the effective section.

Mesh reinforcement:

A layer of mesh reinforcement should be positioned close to the top surface of the slab with the minimum of
concrete cover (refer to Section 3 of BS 8110: Part 1 : 1995. See also Section 6.9 of BS 5950: Part 4: 1994).

12
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Mesh reinforcement acts mainly as anti-crack steel but also as transverse reinforcement. Top face mesh
reinforcement contributes to the longitudinal shear resistance of the slab on vertical planes type a-a, but will
not contribute to the “tunnel shaped’ shear surface around the shear connectors. Bottom face mesh or bars are
not usually provided in profiled deck slabs since the deck serves this purpose. However transverse bottom
bars are frequently added locally to augment longitudinal shear transfer on section b-b especially in cases
where the decking cannot be considered either continuous or adequately connected to the steel beam. Solid
and haunched slab designs will always have bottom reinforcement and this can be taken into account for
longitudinal shear resistance if it is adequately lapped or continuous across the beam.

Mesh sizes available with the program are the following: A98, A142, A198, A252 and A393. Bar diameter and
centres can be specified in place of mesh information in the case of non-standard cases. If the user wants to
place loose bars in troughs of profile decks or in haunched solid slab then the REBAR option should be used,
since mesh is not practical in this case.

Beam data
Il Composite slab data |
A ek o> &l EE| . g
CBD1
Bef L. Bef R
Irs
Dp
D
Dh
Self weight of slab [kg/m™2] 290,22 -
Transverse and longitudinal reinforcem. .
=
Propping Inpropped ;I
Mon compozite beam O Mo
B Shear connector data
Shear connector data 5190 vI I—
Tepe Stud
Diameter / width [rmm] 19
Mominal height [mm] 100 -
M | Inzert | Edit | Delete | (] |

Figure 14: Beam data
Propping:

Beam props may be introduced at the construction stage to reduce construction stage deflections of the beam
or prevent the capacity of the steel beam exceeding before the concrete gains sufficient strength.

13
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When the beam is specified as propped, this software assumes the beam is (theoretically) continuously
propped along the whole length of the beam. All construction stage checks are omitted. In particular, steel
stresses (before prop removal) are assumed to be zero.

Non-composite beam:

The user can design a section as non-composite (ordinary steel beam without composite action) by disabling
the shear connector using the non-composite check box.

Shear connectors:

Composite construction requires the use of appropriately designed and detailed shear connectors to develop
composite action between the steel beam and the concrete slab.

Shear connector data is provided in the form of a library. This can be accessed through Library >
ShearConnectors on the Main tree.

The shear connectors dialog allows the user to specify the number of shear connectors in a row, transverse
spacing, diameter, in situ height and longitudinal spacing. By default, the program assumes a single row of
shear connectors. For high loads and/or thick slabs, the connectors may be arranged in pairs.

The longitudinal spacing of shear connectors can be input along the length of the beam. Same spacing is
assumed for both hogging & sagging zones.

Il shear connectors : x|

A eBE 9 & E - ¥

Marmne 5190
Tupe Stud
Diamneter Awidth [rim] 19
Hominal height [mm] 100
Ir-zitu hedght [rim] 95
b aterial 5275 v| |
Characteristic strength [kN] 99.61

Mew | Ikzert | Edit | Deletel ak |

Figure 15: Shear connector library
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Read from database x|

|F'ru:uieu:t databaze |System database

S190 525 H95
S22 Type Hilti
315L Diameterfaidt.. | 25

2125 Marninal height... | 95

513 Ir-gitu height [... 95
Ha0

Hi1o
H1z25
H140
127
102
lor) )

EH160
EH150

<< Copy to project I

Figure 16: Shear connector system database

Pressing the ‘..."” opens the library of shear connectors. This can be used to choose a standard shear
connector or to create a user-defined connector. The list of shear connectors includes stud connectors with
available diameters 13, 16, 19, 22 and 25 mm. These are available in standard lengths for which the
characteristic resistance values given are taken from BS 5950-3.1. There are two standard lengths for 19 mm
diameter studs namely 75mm and 100 mm. The 19 mm x 100 mm long stud is the program default as the most
commonly used type. In accordance with the code, 5 mm is deducted from the nominal length of stud
connectors to obtain the in-situ length to allow for loss of material in the fusion welding process. The capacity
of studs less than standard height is calculated pro-rata to the insitu lengths but longer lengths do not increase
capacity.

Other types of shear connectors include Hilti connectors, which are fixed by a mechanical process rather than
by welding. Shear capacities are taken from Hilti product literature. Shear connectors may be formed from
channels and bar-hoop fabrications as listed. These are profile welded to the top flange of the steel beam and
have relatively high capacities proportional to their width. Details and capacities are taken from the former
code of practice CP117 and the bridge design code BS 5400 part 4.

It should be noted that a minimum concrete cover of 15mm is required to the top of shear connectors. The
number of shear connectors must meet the requirements for the composite strength of the beam and the code
requirements for minimum degree of shear connection for the beam span.

Both the moment capacity and the shear connection degree are checked at the position of maximum moment.
The moment capacity and the shear connection degree are also calculated at the position of any additional
loads. However, only the bending moment capacity is checked at these points. In theory, for satisfactory
performance under service loads, the distribution of the shear connectors should be reasonably close to the
elastic distribution of longitudinal shear force. However, uniformly spaced connectors routinely resist uniform
loads generating parabolic force distribution.

The quantity and distribution of shear connection must be such that they transfer the longitudinal force
between the concrete and the steel to develop the required composite resistance at all points along the span.
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The number of shear connectors provided can develop a longitudinal force Rq., The existence of full shear
connection becomes evident if this is greater than the smaller of the axial capacity of the concrete slab Rc, and
the axial (tensile) capacity of the steel beam Rs.. If Rq is less than the minimum of Rc and Rs, then partial
shear connection is developed.

The degree of shear connection is defined as the ratio of the number of shear connectors provided to the
number required for full shear connection. Limits are placed on the minimum degree of shear connection in BS
5950 : Part 3 : Clause 5.5.2., as follows:

e For spans up to 10 metres, the degree of shear connection should not be less than 0.40.
e For spans between 10 and 16 metres, the degree of shear connection should exceed (Span-6)/10.

e For spans greater than 16 metres, partial shear connection is not allowed.

Lateral restraints (construction stage):

The lateral beam restraints are input by the user in this section. This is applicable only for construction stage
checking. At the final stage the beam is considered as continuously restrained by the slab.

Restraints may be specified as Point, Distributed, Open point1 or Open point2. Open point allows a series of
equally spaced point restraints to be defined on one line of input starting at either end 1 or end 2. The restraint
position may be top, bottom, both or centre. A secondary beam of similar depth may be considered to provide
restraint to both flanges of a primary beam if connected to the web by a normal endplate or fin plate
connection. However, it is for the user to decide whether the actual beam depths and connections provide
restraint to either flanges or merely centre or top restraint.

Lateral restraint

Type | Paozitian | Start pozition [Fel] | Spacing |
1 Faint Both Qa0 0000
2 Faint Both 1.000 n.000
3 Distributed [Top | 0.o00 1.000
Cancel |

Figure 17: Lateral restraint dialog

Restraints by default are taken at both ends of the beam and the user can define further intermediate
restraints. If no intermediate restraints are specified, the beam is assumed to be completely unrestrained for
lateral-torsional buckling (LTB) calculations at construction stage. For partial restraint conditions, the user must
specify the number of restraints and their positions along the beam span. The program uses this information to
divide the beam into a number of unrestrained segments. LTB checks are then carried out on all segments.

An internal composite beam supporting a solid slab may also be fully restrained at the construction stage by
the formwork to the floor slab. The user however, must, decide whether this assumption is valid for the
construction method in use. Similarly continuous lateral restraint may be provided by transversely spanning
steel decking or pre cast concrete slabs, subject to appropriate details.
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Fire insulation data

For fire resistance checks the user specifies a temperature-time curve, fire resistance period and requirement
for protection. The temperature-time curve could be a standard temperature-time curve, external fire curve or
hydro carbon curve. If the user wishes to have protection then appropriate fire insulation data has to be
specified. The user can choose the following from a standard library — manufacturer name, encasement and
insulation type. Other properties such as unit mass, thermal conductivity, specific heat and default value of
thickness are displayed based on the chosen manufacturer data. These could be altered through the insulation
library if required.

Il Composite slab data

ol [ ]!
M arne CBD1
Compaosite slab data properties

Transverse and longitudinal reinforcement
Beam data

=0 Fire resistance

E  Fire inzulation

Fire insulation Fire board v| |

M arwsfacturer Cafzo international

Product name CAFCO®E0ARD

Froduct dezscription Fesin bonded rock, fibre zemi rigid insulation board
Pratection type Box

Fire fixing type Cafclip partial adhesive

Standard fire resist. period an

(=1 | Imizert | Edit | Deletel k. |

Figure 18: Fire resistance data
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Fire board I arne Fire board

b anufacturer Thermal Ceramics U Ltd ;|
Froduct name FIREMASTER 607 BLAMEET ;|
Praduct description Glagzz oxide insulating blanket(cera...
Fire pratection type Bow ;|
Fire fixing type CO welded pins hd
Fire reziztance penod a0 ;'
Heww | Inzert | Edit | Delete | ] |

Figure 19: Fire insulation library
Cross section
The steel cross section within composite beam can be any one of the following

e Rolled | sections
e Welded | sections (Symmetric & Asymmetric)
e Rectangular Hollow Section

e  Square Hollow Section

The above could be found from the following groups in SCIA=ESA PT
e  Profile library
e Thin walled geometric sections
e  Sheet welded

Steel grade
Complying steel grades for BS 5950-3.1clause 3.1 are S275 & S355. Higher strengths are ignored.
The maximum allowable steel grade as per EN 1994-1-1, 3.3 (2) is S460
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Design strength is picked from the relevant national code and suitably modified for the flange thickness. As the
thickness of flange increases the strength decreases.

Effective width of concrete flange

Effective flange width to the left and right of the beam is specified as member property. This input is used in
both analysis and design checks. For analysis the effective width is considered the same throughout the beam
(no separate input for mid and end zones).

For the design check additional input for left and right zones can be specified through the ‘composite beam
additional data’ (Member data). These inputs are necessary in order to cater for any type of span.

In case of simply supported beams the effective width entered in member property alone is sufficient for both
analysis and design. For other types of beams where the nature of bending moment changes (like fixed beam)
the user has to necessarily use the ‘composite beam additional data’ (Member data) and specify different
effective widths for start and end zones. to obtain better results.

Limitation: In this version of SCIA=ESA PT, for beams with multiple spans the user cannot specify separate set
of additional data for each individual span. The beam takes just a single set of data which is used for checking
all the spans.

Loading
The loading on the composite beam can be categorised into
1. Final stage variable load
2. Final stage permanent load
3. Construction stage variable load
4. Construction stage permanent load

The user must create appropriate load cases representing the above through the standard load cases dialog.
No distinction is made between final and construction stage load cases at this stage. This is done just before
analysis when the user is required to specify the load cases for construction stage through solver options.

Il Solver setup . x|
B Solver
Advanced solver options [}
Praoper FEM analysis of cross-zection parameters [ 1=, Ay, Az | O
Meglect shear force deformation [ Ay, Az > A O
Bending theory of plate/shell analysis b itdliry hd
Type of solver Direct i
Mumber of thicknesses of rib plate 20
Murnber of sections on average member 10
td aximal acceptable translation [mm) 1000.0
I aximal acceptable ratation [mrad) 100.0
Coefficient for reinforcement 1

Actions

Load caszes of 1.stage [just steel part of stiucture) |

E?I Elﬂl ok | Cancel |

i

Figure 20: Solver setup
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By ailable Selected
Final_DL Const_DL

Final_IL Const_IL

k. | Caricel |

Figure 21: Construction stage load case selection

Loading under each of the above categories are calculated and input by the user for standalone composite
beams. Please note that to avoid ambiguity between slab supported width (load sharing width) and slab flange
width (effective width of concrete flange for design check), there is no automatic self weight calculation. All
possible 1D member loading types in SCIA=ESA PT are applicable.

For composite beams created through the ‘load/floor panel with beams’ the floor load information can be input
directly through ‘Surface load on 2D member’ load type.

Based on the load cases appropriate load combinations must be created by the user. A load combination must
contain only final stage or only construction stage load cases. If a combination is found to have both it cannot
be used for design checks.

During analysis the construction stage combinations are calculated with steel beam section properties and final
stage combinations are calculated with composite section properties.

The program requires at least one permanent load case to be specified for final & construction stage load
combination in order to proceed with the analysis.

Note: Although construction stage checks are not supported for EC code construction stage load case has to
be created and specified in solver setup. The users can make use of these load cases to review the internal
forces after analysis and later use ‘Steel’ service to perform design check.

Composite floor panel

Composite floor panel

To model ‘composite floor panel’ select structure type as ‘Frame XYZ or General XYZ' in Project data. This will
enable "Load/floor panel with beams" in the ‘Structure’ menu.
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Project data

Basic data Funu:tiu:unalit_l,ll Lu:uadsl Combinations | Pratection

Mational Code :

KNP ps
- | e

Dat Struchure :
—Data
General = j
— Material ;
Name Ii Concrete E
Part b aterial C16/20 vII
= I Steel =
Dezcription I b aterial 5275 vI S I
Timnber O
Author I Oither 0O
Alurninivim O
Diate 1. 05 2007
Project Level ; hodel ;
I Standard j I One j

RN

Cancel

Figure 22: Project data — General XYZ

The basic frame (has shown below) is first constructed using the regular tools (Catalogue blocks) available in

SCIA=ESA PT.

Figure 23: Simple frame
To add composite floor click on "Load/floor panel with beams"
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Skruckure

Figure 24: Structure tree

-T# Drawing a member
&3 Harizontal beam
<[] Colurnn

43 Plane 20 member
ﬂ whall

0 Shell member
@ Flate with beams
% Load pane

F-48F 2D member components

| with beams

fﬁ] Predefined shapes
«=2] Haunch
= Mode on beam

[= Hinge on beam

Clicking "Load/floor panel with beams" will open the 2D member properties dialog (see picture below). In the
properties dialog set Library to ‘Composite floor'. Once this is done composite slab data property will be

enabled.

Secondary beam layout (within the panel) is then specified through the options at the bottom of the property
dialog. Two options (number/distance) are available. Offsets can also be provided from the start.

Note: Beams are always placed along the local X axis of the plate. In order to modify this the property ‘LCS
Angle’ has to be altered to the desired value.

The dialog is closed by clicking on OK. This will prompt the user to define a 2D polygon in main view. Once
user completes defining the same the beam property dialog will open.

H 7D member

Xl

M arme 51 =
Type plate [31] -

‘ Camposite foor =]
Compozsite slab data CEDM bl [
Fof aterial CTE0 Bl [
FEM model Load panel with beamn d
Thickrness [mm) 130
tember systen-plane at centre j
Eccentricity 2 [rim] i}
LCS Type Standard ;I
LCS 2 axiz O Swap orientation
LCS Angle [deg) .00
Laper Layerl =l

B Beam layout
Pasition Diztance j
(Oiffzet [m] 0.000
Distanice [m] 1.000 =
Puosition in plate Dutside ;I
Alionment Rottom o
Ok, I Cancel |

#

Figure 25: Composite floor property dialog

Note that in beam properties dialog (picture below) the type is set to ‘composite plate rib’ as we have specified

the 2D member type as composite.

In the beam properties set the required cross section for the secondary beams and also the effective width to

be used for analysis & design check (2
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I Member x|
Mame B3
Type composite plate rib [32)
Library Mo
CrogsS ection C51 - UB457/152/60 ;I_
Aligrrent bottom i
Shape of rib T symmetric -
E ffective width width =
far int, forces [mnm] 1000
for check. [mm] 1000
LCS z by wector
3 [m] 0.000
" [m] 0.000
Z [ 1.000
LCS Fotation [deg] 0.0
FEM type standard ;l
Buckling and relative lengths Default
Layer Layer v| |

1

Ok I Cancel |

4

Figure 26: Secondary beam property dialog

Closing the dialog will create number of secondary composite beams attached to the plate. All the duplicate
frame members coinciding with the secondary beams can be removed using ‘Check structure data’ option
before analysis.

The secondary beams created through ‘load/floor panel with beam’ are similar to other beams i.e. rigidly
connected by default. The user has to specify hinges for the beams to behave simply supported.

. }: - - ’ . - ’ . i
Figure 27: Composite floor panel with secondary & primary beams

Surface loads applied to the plate are distributed automatically to the secondary beams during analysis. One
way load distribution is assumed.
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Properties
| 2D member (1) RARY: YA
M ame 51 =
Type plate [30] ;l
Library Composzite floor ;l
Deck Slab data CBD1 vII_
Shape Flat
b aterial C16/20 vl 5 |
FEM model Load panel with be. |
Thickness [mm] 130
Member spstem-pla.. | centre ;I
Eccentricity z [mm] |0
LCS Type Standard ;I
Table edit geometry >
Regenerate beams in plate FEE
Edit beamz Fr
>2>

Figure 28: Member property showing load generation
Figure 29: Generated member loads from surface load

The distributed member load can be viewed through Actions >> Load generation from the plate properties.

Structural analysis
Structural analysis

Only linear analysis is supported. Loads can be applied for both the stages - construction and final stages.
The final stage model will be analyzed with composite beam section properties (uncracked section properties).
The construction stage model will be analyzed with steel beam properties.

In the solver setup it is recommended to select "Neglect shear force deformation (Ay, Az >> A)" as the
program does not consider composite cross section for shear area ‘Ay’ & ‘Az’ calculation.
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Composite - 1D member Setup
Material PSF

The following partial safety factors are used in the program in accordance with BS 5950: part3: section 3.1 and
BS EN 1994-1-1:2004.

Material partial safety factors BS 5950 EC4
Structural steelwork 1.00 -
Structural steelwork

(cross section resistance) - 1.00
Structural steelwork i 1.00
(buckling resistance)

Profiled sheet 1.00 1.00
Reinforcing steel 1.05 1.15
Shear connectors 1.25 1.25
Concrete in shear 1.25 1.50
Concrete in compression 1.50 1.50

Users can override the above values and recalculate design check when required.

Span/deflection limits

Acceptable deflection limits of the beam are defined by the user. The defaults in the program are as follows:

Deflection component Span/deflection limit
Permanent load 240
Variable load 360
Combined load 500

Construction stage deflections of the beam are based on loads acting on the steel section without composite
action.

At the final design stage, the program checks both the deflection under the variable load and the total
deflection. The deflection under variable loads is used to assess the effect of the deflection of the beam for
finishes, partitions etc.

The total deflection includes the deflection due to permanent and variable loads, and can be used to check the
effect of the beam deflection on the overall appearance of the structure.

For un-propped construction, the component of permanent load deflection applied at construction stage is
calculated using the properties of the steel section acting alone. The remainder of the total deflection is
calculated using the properties of the composite section.

Calculated values of deflection are compared with the deflection limits entered by the user. In composite
design, it is often found that serviceability criteria control the design of the beams. This is due to the composite
beams being designed to be as shallow as possible for a given span. Serviceability performance is assessed
using elastic section properties. Stress limits are placed on the concrete and steel in order to ensure that
elastic conditions hold when calculating deflections.
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Calculation parameters

The calculation parameters that can be configured are:

Concrete

Type of concrete: Normal Weight Concrete (NWC) or Light Weight Concrete (LWC) may be used for
construction. Construction in LWC usually provides economic steel design but does not necessarily give the
least cost overall. LWC concrete is worth considering for large buildings with long spans. This program issues
a caution message when lightweight concrete dry density is less than 1750 kg/m3. Information on the
properties of LWC may be found in the manufacturers’ literature.

Proportional of total load that is long term: This is used in effective modular ratio calculation and is based on
short term and long term modular ratios. This calculated effective modular ratio is used in serviceability
calculations (elastic section properties).

Vibration

Percentage of variable load accounted for natural frequency calculation: Normally it is 10% and this is set as
default.

Percentage of increase in moment of inertia of the beam accounting for the dynamic stiffness: Normally it is
10% and this is set as default.

Natural frequency: Acceptable natural frequency limit of the beam is defined by the user to control floor
vibration. The default in the program is 4.

Miscellaneous

Additional parameters required for EC code are grouped under this head.

1. Value of C4 for LTB check (C4): The default in the program is 6.2
2. Creep coefficient: The default in the program is 5.
3. Creep multiplier: The default in the program is 0.55

C4 is the factor for distribution of bending moment used in elastic critical buckling moment calculation. The
value of C4 is represented as a curve for specific shape of bending moment in fig A.3 of Designer’s guide to
EN 1994-1-1 (page no 207).

‘Creep coefficient’ and ‘Creep multiplier’ are used in effective modular ratio calculation.

Effective modular ratio is calculated as

0= = ds + pl (I‘J| - ug)
Where:

U'E— effective modular ratio

al_ long term modular ratio
Us_ short term modular ratio

PI — proportion of total load that is long term

Pre-camber

The pre-camber can be defined in different ways. It can be made equal to the proportion of span or an
absolute value. The pre-camber value is deducted from the calculated deflection value to give the net
deflection.

Pre-camber provided to the beam is assumed to be in a circular form. The radius of such a curve functions as
the middle camber value [C] at the span [L] of the beam.
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Radius of curvature R = 1/2C [(L/2)*2 + C*2]

The intermediate camber value at any given point at a distance "X" from the support is "Yx". It is calculated as
follows.

Y = (R? = (L/2 = X)"2)M/2

Yx=Y - (R-C)
L/2 L2
X /2 o
A =
K | )
N, \ ! s
\, \ I s
b | I .
, ) | £
n 4 | £
™, y | r
e [ I e
u h I i
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CALCULATION OF PRECAMBER
Figure 30: Pre-camber calculation
Note: Pre-camber will be considered only if the downward deflection is maximum.

Fire resistance

Material PSF
The following partial safety factors are used for fire resistance checks

Material partial safety factors BS 5950 EC4
Concrete in compression 1.5 1.00
1.25
Concrete in shear 1.00
1.00 1.00
Structural steelwork
1.05 1.00
Reinforcing steel
Shear connectors 1.25 1.00
Profile sheet steel 1.00 1.00

Calculation parameters
Additional calculation parameters for fire resistance check as per EC4 are given below.

1. Temperature curve: The user can choose from Standard temp-time curve or External fire curve or
Hydro carbon curve

Co-efficient of heat transfer by convection: The default value is 25 W/m#2 K
Emissivity related to fire compartment: The default value is 0.8
Emissivity related to surface material: The default value is 0.625

ok w0

Analysis type: Resistance domain
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The fire check is performed as per the guidelines given in EC4. The resistance of the section are calculated
with reduced material properties under fire. All the calculations are done assuming that the fire exposure is
from three sides. The user can check the performance of a composite beam with or with out protection for the
standard time by using various temperature curves. The unity checks, section capacities, limiting temperature

etc are reported in the brief and detailed out puts.

Composite - Member data

Composite - Member data

This facility has been provided to override some of the data specified through ‘composite slab data’ library
before analysis. The main advantage of specifying member data is that the user need not create a new library

item for individual beam variations.

If the same input is modified through the member property dialog the user will have to create a new ‘composite
slab data’ library item for each individual change. Otherwise modifying the existing library item will affect all the

beams to which the data has been assigned.

x
Hame CBOA =
E |Beam data
Fropping Unpropped ;l
Mon compogite beam O Ma
Stand alone bean Tes ;I
B Effective flange width
B |Start zone
Left [ram] 1200
Right [rim] 1200
E |End zone
Lett [mim] 1200 .
Right [rairn] 1200
Bl Shear connector data
Shear connector data 5190 v| ik |
Type Stud
Diiameter / width [mm] 149
Marminal height [rm] 100
Irzitu height [mna] 95
Murmber of roiw 1 vI %

Q. I Cancel

4

Figure 31: Composite member data

Listed below is the data that may be overwritten through this dialog:

e Propping

e Design check as non-composite beam

e Effective flange width to left and right for start and end zone: The value entered in ‘composite slab
data’ library is taken for the span (middle) zone. The left and right zones by default take the value
from the span zone but may be overwritten here.

e Shear connector data such as type, diameter, nominal & insitu height, material grade, characteristic
strength, number of rows and longitudinal spacing.

e Lateral restraints data for construction stage check of un-propped construction.

e Fire insulation data such as manufacturer, product name, protection type, fixing type and fire

resistance period.

Composite - Check

Composite - Check

Composite beam design in SCIA=ESA PT is primarily intended to carry out thorough checks on members for

which the cross section is input by the user.

28




Composite beam in SCIA ESA PT

Composike

=' Member data

=B, Check

b LS design check
----- B 5L5 design check
L4 Fire resistance checks

M ew | Cloze |

Ha M

Figure 32: Composite check service

In broad sense the steps involved in checking a single composite beam are

e  Construction stage check

e Final stage check

After entering the input data and completing the analysis the user selects ‘Composite -> 1D member -> Check’
to perform the design check.

The properties that need to be set prior to that are listed below.
e List of members for which the check has to be performed
e Type of load case or combination or result class
e  The stage - construction/final

e Extreme value to be displayed (member/global/local/section)

The design checks are grouped into
1. ULS design check
2. SLS design check
3. Fire resistance check

Design check results are produced at supports, maximum positive bending moment location and point load
locations on the beam.

The output from composite beam can be grouped under the following heads.
1. Graphical display of utilisation
2. Text output
a. Brief
b. Detailed
In addition the results for a single beam can be viewed through SCIA=ESA PT single check functionality.

Note: The calculations are generalized to handle sagging and hogging moments. The left zone is considered
only if a hogging moment exists at the left support. The span zone is considered only if a sagging moment
exists within the span. The right zone is considered only if a hogging moment exists at the right support.
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Limitation: Construction stage ULS & SLS checks are not supported for EC code in this version of SCIA=ESA
PT under Composite check. This has to be checked through the ‘Steel’ check service in SCIA=ESA PT.

ULS design check

Final stage

For the final stage ULS check, utilisation is calculated for vertical shear capacity, bending moment capacity,
longitudinal shear capacity and torsional buckling resistance. The maximum utilisation of the above is reported
as final stage ULS u-ratio. The same value is displayed graphically in the main view.

Brief results: The brief output is displayed in a tabular form with results for a member in a single line. The users
can use SCIA=ESA PT’s table composer to alter the table style and also rearrange the columns.

ULS design check

ULS design check

ULS checks- final stage

termber i Comb/Case ey Ultimate | WHilisation - Wz Shear LHili==ation - [V Total long. | Wilisstion - | Equivalent | Wilisation - | Wilisation
[rn] [kNm] | moment mormert [kM] capacity shear longitudinal | resistance | long. shear uniform torsional [l
capacity [l [kHM] [l shear force | inflange [l rmoment buczkling
[kNm] [k i [k Nim] [kNrn] []
E1 | oomlcoiz | sooof 1mzEm| ogs| o000 34053 026 | 0.00| 285 | 0,00 | -50.00 | 0. | 058

Figure 33: Final stage ULS brief output

Detailed results: The results listed are for the critical slice position. The various results listed under each
heading are as below.

Vertical shear check
Shear force
Shear capacity
Utilisation
Status
Moment capacity check
Bending moment
Distance from left support
Shear status (High/Low)
No. of connectors effective at section
Reduction factor for connector capacity
Reduction factor as per clause 5.4.3
Reduction factor due to concrete type
Reduction factor due to slab profile
Capacity of single connector
Minimum degree of shear connection
Shear connector resistance
Actual degree of shear connection
Longitudinal stress ratio
Top flange class
Web class
Depth of concrete compression zone
Depth of plastic neutral axis
Neutral axis location
Plastic moment capacity
Elastic moment capacity
Ultimate moment capacity
Utilisation
Status
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Longitudinal shear check
Maximum longitudinal shear force
Longitudinal shear resistance in flange
Longitudinal shear resistance due to concrete

Longitudinal shear resistance due to transverse reinforcement

Longitudinal shear resistance due to profile sheeting
Total shear resistance
Utilisation
Status
Torsional buckling check
Effective length
Slenderness correction
Slenderness factor
Equivalent slenderness
Buckling resistance moment
Maximum bending moment
Equivalent uniform moment factor
Equivalent uniform moment
Utilisation
Status

Composite beam in SCIA ESA PT

Single check: Single check allows the user to view summary of results for a single span of a composite beam.

The results presented for final stage ULS are as shown below.

Eﬁ Results

=\ Final Stage Plastic resistances

Units
Total effective flange width in sagging region fuli! 25000
Resistance of concrete flange kM 17643
Feszistance of steel beam kM 20955
Reszistance of overall web kM 9rrn
Feziztance of clear weh kM 907 3
Feszistance of slender clear web kM E55 6
Resistance of top flange ki 5592
Resistance of bottom flange ki 5592

= Back: | Mext = |

Brevious span | [dek span |

Close |

Figure 34: Final stage ULS single check output — Plastic resistances
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x|
Eﬁ Results
-4 Final Stage ULS checks
Plashic resistances || Slice position Fram left suppork |3UUU Sagging v|
| units | -
Section
b IT ratio - a7
o [t ratio - 0.3
Longitudinal stress ratio - -1.0
Flange clazs Plastic
ek class Pla=tic
Section class Pla=tic
Design strength of steel Mimmz2 2750
Wettical shear

Shear kM .o
Shear area mim2 36523
Shear capacity ki G076

< Back | [t = | Status - Pazzed

Shear connectors

Min. degree of shear connection required - | 0.400 LI

Preyvious span | [dexk span | Close |

Figure 35: Final stage ULS single check output

Results are presented at both hogging and sagging regions (only critical position). ‘Previous span’ & ‘Next
span’ buttons can be used to view results for different spans of a beam.

Construction stage

For construction stage ULS check, utilisation is calculated for vertical shear, bending moment, lateral buckling
and torsional buckling. The maximum utilisation of the above is reported as construction stage ULS u-ratio.
The same value is displayed graphically in the main view.

Brief results: The brief output is displayed in a tabular form with results for a member in a single line. The users
can use SCIA=ESA PT’s table composer to alter the table style and also rearrange the columns.

ULS design check

LS design check

ULS chechks- construction stage

Mermbear i CombiCase Pl Ultim=ate | Wilisation - Wz Shear LWilisstion - | Equivalent | Wilisation - | Wilisation
[rn] [kNm] | moment o it [kH] capacity shiar unifar m |aters [
capacity [ [kH] [ rare it buckling
[kHm] [kHm] [-]
E1 |  ooomofcozm | -=o0o00] 1322 oe2| 9000 24053 026 | -80.00 | 06 | E:

Figure 36: Construction stage ULS brief output

Detailed results: The results listed are for the critical slice position. The various results listed under each
heading are as below.

Vertical shear capacity check
Position of maximum shear force
Maximum shear force
Shear area
Shear capacity
Unity check
Status
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Moment capacity check
Position of maximum bending moment
Maximum bending moment
Moment capacity
Unity check
Status

Lateral buckling check
Effective length
Slenderness correction
Slenderness factor
Equivalent slenderness
Buckling resistance moment
Maximum bending moment
Equivalent uniform moment factor
Equivalent uniform moment
Unity check
Status

Torsional buckling check
Effective length
Slenderness correction
Slenderness factor
Equivalent slenderness
Buckling resistance moment
Maximum bending moment
Equivalent uniform moment factor
Equivalent uniform moment
Unity check
Status

Single check: Single check allows the user to view the summary of results for a single span of a composite
beam. The results presented for construction stage ULS are as shown below.
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x|
Eﬁ Resultz
Ell:@ Construction Stage LULS checks
HLS I Un'rtsl ook
Section
b I T ratio - a7
o [t ratio - 503
Flange clazs Plastic
Web clazs Plastic
Design strencth of steel Mimm2 2750
Flastic section modulus cimn3 12873
Elastic section modulus cimn3 11220
Shear
Pasition of macximum shear mm 0
Maximum shear force kR 92.0
Shear area mmz2 36823
Shear capacity kR BO7 6
= Back | Pt = | Status - Pazszed
Mormerit LI
Breyvious spanl [dewk span |

Figure 37: Construction stage ULS single check output

SLS design check

Net deflection, natural frequency and elastic stresses are calculated for SLS load combinations.

Elastic stress is calculated only for sagging moments except in the case of cantilever spans for which the
hogging moment at the support is considered for elastic stress check.
For the unpropped condition, stress due to permanent load is calculated based on properties of
steel beam and stress due to variable load is calculated based on properties of composite beam.
For propped beams, stress due to total load is calculated based on properties of composite beam.

Final stage

For final stage SLS check, utilisation is calculated for permanent load deflection, variable load deflection,
combined load deflection and stress in steel beam. The maximum utilisation of the above is reported as final
stage ULS u-ratio. The same value is displayed graphically in the main view.

Brief results: The brief output is displayed in a tabular form with results for a member in a single line. The users
can use SCIA=ESA PT'’s table composer to alter the table style and also rearrange the columns.
SLS design check

5LS design check

SL5 checks- final stage

Member | di Case | Deflection | Limiting |Unitycheck | Defection | Limiting |Unitycheck | Defiection | Limiting |Unitycheck | Max | Allowable | unity | Tot stress | mllowable | unity | Uity
{rn) dusta deflection |- permanent | due to deflection | - varsbe due to deflection |- combined | steel | stesl stress | check- in stressin | check - | check
permanent [mm] load wariable fmm] lozd combined fmm] load stress [MPa]  |stress in | corofreinf | conchreinf [stressin| [
Inad deflection load deflaction Ioad deflection | [MPa] steel [MPa] [MFa) cone £
[ra ] 3] [rarn] [ [rarn] 3] 3] ra[i]nf
B1 | somfcozs | 7] 250 0.07] o.of 16.7 ] 0.00] B 300 0.06 | o0 2750]  0.00] o0 1wn]  ooo[  oo7

Figure 38: Final stage SLS brief output
Detailed results: The results reported are

Deflection check
Position of maximum deflection
Number of connectors effective at section
Actual degree of shear connection
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Precamber

Actual deflection due to permanent load (calculated with final stage dead loads using second moment
of area of steel beam only)

Allowable deflection due to permanent load
Utilisation for permanent load deflection

Actual deflection due to variable load (calculated using second moment of area of composite beam)
Allowable deflection due to variable load
Utilisation for variable load deflection

Actual deflection due to combined load (sum of "actual deflection due to permanent load" and "actual
deflection due to variable load")

Allowable deflection due to combined load
Utilisation for combined load deflection

Natural frequency check

Actual natural frequency
Allowable natural frequency

Utilisation for natural frequency

Elastic stress check

Position of maximum moment

Moment

Second moment of area of final section
Depth of neutral axis from top of slab
Section modulus for concrete flange
Section modulus for steel flange

Actual maximum stress in concrete or reinforcement
Allowable stress in concrete or reinforcement
Utilisation for stress in concrete

Actual maximum steel stress due to dead loads (calculated with final stage dead loads using section
modulus of steel beam only)

Allowable maximum steel stress due to dead loads
Utilisation for maximum steel stress

Actual maximum steel stress due to imposed loads (calculated using section modulus of composite
beam)

Allowable maximum steel stress due to imposed loads
Utilisation for maximum steel stress

Actual resultant maximum steel stress (sum of "actual maximum steel stress due to imposed loads"
and "actual maximum steel stress due to dead loads")

Allowable resultant maximum steel stress
Utilisation for resultant maximum steel stress

Single check: Single check allows the user to view the summary of results for a single span of a composite
beam. The results presented for final stage SLS are as shown below.
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x|
Eﬁ Resultz
=\ Final Stage SLS checks
L] sLS
| Unitsl Applied | Capacity | Status| =
DeflectionMibration
Position of maximum deflection MM 5449 _|-
Murmber of connectors effective at section - 15 -1-
Actual degree of shear connection - 0.000 - |-
Pre-camber [ulul oo - -
Construction stage dead load deflaction Imm - -1-
Final stage dead load deflection T 22 _|-
Impozed load deflection ulyl .o -19.2 |Passzed
et dead load deflection mim 4.3 -28.7 [Passed | T
Met total load deflection MM -4.5 -34.5 |Paszed
Deflection for frequency calculstion MM a0 _|-
Matural fregquency Hz 1227 4.00 |Pazzsed
Elastic stress - Sagging region
= Back | [dext = | Posttion of maximum moment [ulul u} -]
mament kit -105.5 -1- LI
Breyvious spanl [dewk span |

Figure 39: Final stage SLS single check output

Construction stage

For construction stage SLS check, utilisation is calculated for permanent load deflection, variable load
deflection, combined load deflection, stress in steel beam. The maximum utilisation of the above is reported as
construction stage SLS u-ratio. The same value is displayed graphically in the main view.

Brief results: The brief output is displayed in a tabular form with results for a member in single line. The users
can use SCIA=ESA PT’s table composer to alter the table style and also rearrange the columns.
SLS design check

SLS design check

SLE checks - cornstruction stage

Mermber dx Case Deflecti on Lirniting Unity check | Deflection Limiting Unity check | Deflection Liriting Uity check Mz Allowable Unity Unity
name [m] due to deflection |- permanent due to deflection - warable due to deflection |- combined steel steel stress | check - | check
permanent [mm] load wariable [mm] load combined [rnm] load stress [MPa] stressin 3]
lomd deflection lo=d deflection load deflection [MP=] steal
[mm] 3l [mm] Il [ Ll Il
B1 | zom|coams | 57| 250 023 00| 8.7 1.00] 57| -20.0| o3| 200 2750 011] 1.0

Figure 40: Construction stage SLS brief output
Detailed results: The results reported are

Deflection check
Position of maximum deflection
Actual deflection due to permanent load
Allowable deflection due to permanent load
Utilisation for permanent load deflection

Actual deflection due to variable load
Allowable deflection due to variable load
tilisation for variable load deflection

Actual deflection due to combined load

Allowable deflection due to combined load
Utilisation for combined load deflection
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Elastic stress check

Position of maximum moment

Moment

Actual steel stress

Allowable steel stress
Unity check

Composite beam in SCIA ESA PT

Single check: Single check allows the user to view the summary of results for a single span of a composite
beam. The results presented for construction stage SLS are as shown below.

Eﬁ Results

EI':Q Construction Stage SLS Checks

| units |Applied| Capacity | Status

Deflection
Position of maximum deflection M 0 - |-
[ue to dead load mim oo -25.0 |Passed
Due to impozed load mim oo -16.7 |Passed
Due to total load MM 0.0 -30.0 |Passzed
Elastic stress - Sagging region
Position of maximum bending moment MIm 0 _ -
Maximum bending moment kim o0 - |-
Maximum steel stress Mimmz2 0.0 2r50)-

= Back | Iext = |

Breyvious span | [ext span |

Close |

Figure 41: Construction stage SLS single check output

Fire resistance check

The fire resistance checks are optional as per the settings in the project functionality. Fire insulation material
data for BS and EC are presented below. The user can choose these data from SCIA=ESA PT as part of the
system database.

Fire insulation data for EC4

Product name

Fire board

Vermicullite and cement board
Silicate / calcium silicate board
Cement board

Gypsum board

Mineral fibre (low density)
Vermicullite cement (low density)
Perlite

Vermicullite cement (high density)

Vermicullite and gypsum (high density)

Encasement type
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Hollow encasement

Contour encasement

Insulation type

Board protection
Spray protection

Intumescent protection

Fire insulation data for BS 5950-8:2003
Manufacturer

Cafco international

Lafarge plaster board limited
Thermal Ceramics UK Ltd
British Gypsum Limited
Promat UK ITd

Rockwool Ltd

Cryothem insulation limited
Bollom fire protection
Firetherm intumescent & insulation supplies Itd
Leigh’s paints

Tikkurila coatings Lts
Nullifire limited

Ameron international

Product name

Cafco Board
Columnclad

Onlit 150 Systems
Conlit Tube

Firecheck Board
Firemaster 607 Blanket
Promalit

Promatect 250

Fire protection type

Profile
Box
Circular
Solid

Fire fixing type
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Fire resistance checks as per BS 5950-8:2003

The user must set up a load combination for the fire limit state as per table 2 of BS 5950-3. The evaluation of
fire resistance is done by means of the section factor. The steps involved in the calculation are

o~ N =

Brief results:

Calculation of load ratio 4.4.2.2

Calculation of design temperature

Fire Resistance designh check

Calculation of limiting temperature as per table 5

Reduction in temperature for beams with low aspect ratio

Composite beam in SCIA ESA PT

Calculation of protection thickness as per Appendix D of BS 5950-8:2003

Fire res
Member dx Caze Pl Wz Ulti mate moament cap. | Thickness of fire protection
[m] [kHm] [kM] [lsHm] [rn]
E1 0.000 [Coqrz -80.00 80.00 132.23 0.020

Figure 42: BS code fire check brief output

Detailed results:

The results reported include

Hogging bending moment
Hogging moment capacity
Sagging bending moment
Sagging moment capacity

Section factor

Load ratio

Limiting temperature

Protection required

Thickness required

Utilisation

39



Composite Beam Design

Single check:

Eﬁ Results
EI':Q Final Stage
; Plastic: resistances

< Back | [ext = |

| units
Fire check
hament (Fire check)

Sagying bending moment &t fire limit state kMm 15
Sagging moment capacity at fire limit state kidim 3543
Hogging bending moment &t fire limit state kMm -3.0
Hogging moment capacity at fire limit state krm 3340

Fire check
Zection factar 1im 1394
Load ratio - oo
Limniting temperature degy ¥80.0
Protection required - Yes
Protection thickness mim 200

Breyvious spanl

[dext span |

Close |

Figure 43: BS code fire check output dialog

Fire resistance checks as per EN 1994-1-2:2005

In case of EC4 by default it is assumed that fire protection is required and a thickness is obtained as input.
SCIA=ESA PT obtains the capacities under the impact of the fire with the provided thickness and compares it
with the applied moments. Note that the capacity is proportional to the thickness of protection material. If the
thickness of protection is more then the limiting temperature will come down which in turn increases the
capacity.

The user can also assess the section capacity without considering protection.
property ‘Protection’ to ‘No’ under ‘Composite -> Member data -> Fire resistance’

Brief results:

Fire Resistance design check

Fire Resistance design check

This is done by setting the

Mermber =4 Case ey Wz Longitudinal Lorgitudinal Uity check | Ut mate Unity LIt ke Unity Unity
[re] [kHm] [kM] shear force in shear -long. moment | check - shear check - check
SE0ing Zone resistance in shear caEp. moment |capacity | shear [1
[kH] sagging zone resistance [k MNm] [1 [kMH] (3]
[kN] =209
£l
E1 0.000 |CO1 -90.00 90.00 0.00 5198 0.00 17254 0.5z 193.71 0.4E 052

Figure 44: Euro code fire check brief output

Detailed results:

The results reported include
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Input thickness

Limiting temperature in the bottom steel flange

Limiting temperature in the web

Limiting temperature in the top steel flange

Sagging bending moment

Sagging moment capacity

Hogging bending moment




Hogging moment capacity
Utilisation
Status

Composite beam in SCIA ESA PT

Maximum vertical shear force

Vertical shear capacity
Utilisation
Status

Longitudinal shear force in sagging zone

Longitudinal shear resistance in sagging zone

Longitudinal shear force in hogging zone

Longitudinal shear resistance in hogging zone

Utilisation
Status
Single check:
B Results
'EI () Final Stage | units | =
& Plastic resistances Fire check
=] Fire Check Protection required . Yes
Protection thickness mm 100
Limiting temperature in the bottom steel flange deg 5468
Limiting temperature in the web deg | 5468
Limiting temperature in the top steel flange deg 5468
Sagging bending momert at fire limit state KM-m 45000.0
Sagging moment capacity at fire limt state KM-m 198356 .9
Hogging bending morment at firs limit state KN-mn -90000.0
Hogging momeant capacity at fire limt state K-t 1725398
Maximum vertical shear force st fire limit state M 900000
Yertical shear force capacity at fire limit state KM 193706 .4
Longitudinal shear force at fire limit state in sagoing zone | KN 37837.2
Longituclinal shear resistance in sagging Zone KM 992417
Longituclingl shear force at fire limit state in hooging Zone | KM 00
< Back | Next = | Longitudinal shear resistance in hogging Zone K B19826
Status - Faligd ﬂ
Previous spanl [HEXE Snian | Close

Figure 45: Euro code fire check output dialog

Document
Document

All the results presented above are available through the ‘Document’ and can be directly printed or exported to
a file in various forms (HTML/Text/RTF/PDF/XLS) with the standard output options available in SCIA=ESA PT.

In addition to the results other input data specific to composite beam are available for output from Libraries ->
Diaphragms, 2D Reinforcement mesh, Hollow core slab, ShearConnectors, Composite slab data which are

presented below.
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New document item ]

-4 -
l:| Projeck
EI@ Libraries
I:| Layers
I:| Cross-seckions
-] Materials
(D Diaphragms
-] Insulations
I:l s
--[] 20 Reinforcement meshj
1] Hallow core slab
- ShearConnectors
[-[] Composite slab -:Iata:]
@ Sets
@ Skructure
- dp Load
- dp Results
- dp Steel
- dp Pipeline
- dp Timber
@ Concrete
-4 Steel concrete bridge

m\mmmmmmmmm
[Ny ) Sl oy i oy it oy i oy B oy Sl oy Il oy B oy |

B ULS design check

B, 515 design check,

------ h Fire resistance check )
- 4 Mobile loads

- @ Influence lines T
Fl

@ Picture
il ~ |

<4< Add | Cloze

Figure 46: List of insertable items in Document

Diaphragms (Profile deck data)

o OO o O

Type Mame Diaphragms A [mm] 28

Mare Supenbi-2 E [rnmn] 114

Mtz nufa cturer Richad lees C [mm] 144

Frofile shape Lot ail O [mim] 51

|- morent [m‘*."m] oaa Thickness [mm] 1

FA+ [k H] 0.000 Morminal thickness [mm] 1

K2+ [miikH] 0.000 Wi ght [kHSm?) 017

k- [mdkN] 0.000 Pzterizl 5 275
Kz [ fkN] 0.000

Figure 47: Profile deck data output
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2D Reinforcement mesh (data for transverse & longitudinal

reinforcement)

Type Name

20 Reinforcement mesh

Mame

Al42

Code

All

haterial included

-

Type of mesh

A1z

Direction close to sudace

1

Li= maer [mm]

6.0

Bar distance [mm]

200

OFf =t [rm)

1]

Reirforcement area [mmﬂ]

141

Ci= rater [rmm]

6.0

Bar distance [mm]

200

OFf =t [rm)

0

Reirforcement zres [mm?)

144

Tatal weight of reirforcement [kg.l'mi]

2.20

Ear Iap [mm]

Figure 48: Reinforcement data output

Hollow core slab (Pre-cast slab data)

300

Type Mame Hallow core =lab
MName HCA
otz mufa cturer Bizon
Sab width [mm] 1200
Sab depth, O= [mm] 100
Szl weight [kNim] 2.40
Core pitch [rm) 100
Thickness of indiwidud web [ber ] [rmim] 50
Thickness of outermost web at the lewd of dastic gravity line [bwa] [mm] 40
Met hizight of the joint (R ] [mm] 180
Smallest walue of upper thick. of flange [Hf, 1] [rmm] 35
Smallest walue of loveer thi ck. of flange hf, 1] [mm] 35

Figure 49: Pre-cast slab data output

Shear Connectors (Shear connector data)

MName | Type |Diameter.hm'dth

[ ri

Morminal height

[rnri]

In-=situ b=ight

[

material

s19L | Stud |

Figure 50: Shear connector data output

19 |

100

os5|sz278
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Composite slab data

O=ck slab data properties | Hame CBELC1
Type of beam Secondany
Type of deck slab Frofile deck
Frofile deck Profile deck Supenbi-2
Total =lab depth, 0= [mm] 120
Frofile Depth, Op [mm] 51
Frofile shaps Cronetail
Manufacturer Richard lees
Wi ghit [kHSm®) 017
Effedive thickness [mm] 1
Rib c=rters [rmm] 1532
Rib width [rmm] 115
‘field strergth [MPa] 275.0
Left zide rib direction Farpendicular
Right siderib direction Farpendicular
Cortributi on to longitudinal shear resistance k
Sheet continuous k
Shezr cornector welded through profile sheeting i
Self weight of =lab [ka/m?) 20184
Type of deck slab
2H_L uH_It
I:'J” I
Transwerse and Top Input type Libirary
Longitadinzal Top e
reinforce mert Direction close to surface Tranzverse bar
Conver [rnm) 15
Characteristic yield strergth [MPa] 0.0
Transwerss Di= [rn ] 5.0
Centers [mm] 200
Longitudinal Left support zone | Oia [rim] g.0
Carnters 200
[rmmn]
Span zone Di= [rimn] &.0
Carnters 200
[rmmn]
Right support Di= [riri] 5.0
zane Centers 200
[rimn]
Bottorn  |Input type Maone
Haunch |Input type | Mone
Beam data Fropping Unpropped
Non composite beam K
Shear connector data Shear connector data S10L
Type Stud
Dizrmeter §width [mm] 19
Mominal height [mm] 100
In=itu height [rmm] a5
Input type C alcul ated
Characteristic strength [kM] G52
Nurmber of rowes 1
Transwerse spacing [rm] o
Longitudinal spacing 153,00
Fire resistance Ternper sture - Time curve By setup
Standard fire resist. period 20
Frotedtion es
Fire insul=tion Fire insul=ation Fira board

Encasement type

Hallow en casement

Insulation type

Boad protection

Figure 51: Composite slab data output
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Unit mass [kafm’] 15000
Ther ra | condoctiwity i k] 20000001
Specific heat [J/gh] A 2000e+H100
Default walue for thickness [mmm] 10



Composite beam in SCIA ESA PT

Setup (Design parameters)

All the design parameters can be output through Composite Beam -> Setup

Material PSF-Structural steel worktesisance to cross-sections [ 100
htaterial PSF-Structural steel workresistance to buckling [] 100
Material PSF-Reinforcing sted [] 145
Mtaterial PSF-Concrete [-] 1480
Material PSF-Design shear resistance of headed stud [-] 125
Material PSF-Profile sted sheet [] 100
Calculation parameters- Type of concrete Marm al
Calculation parameters- Fropotion of total load that is longterm [ 033
Calculation parameters-Perc. OF variable load accounted for calc. of natural frequency [] 10.00
Calculation parameters-Perc. Of increase inineria to allows for dynamic siffness [] 10.00
Calculation parameters- Metural fregquency [-] 00
Calculation parameters-Yaue of factor Cd for LTE check [C4] [] G20
Calculation parameters- Creep coefficient [-] 500
Calculation parameters- Creep rultipli er [] 055
Fire resistance-Concrete [-] 100
Fire resistance- Structural sted [] 100
Fire resistance-Reinforcing stesl [-] 100
Fire resistance-Design shear resistance of headed stud [] 100
Fire resistance-Profiled sheet steel [] 100
Fire resistance-Temperature curve Standard temp-time

CUniE
Fire resistance- Coefficient of heat transfer by comeection [-] 25.00
Fire resistance-Emissivity related to fire co mpartrment [-] U p=in]
Fire resistance-Emissiwvity related to surface materal [] 053
Fire resistance-Analysis type resistan ce damain
Spansdef limits-Per manent load [-] 2490.00
Spansdef limits-van=ble load [] 25000
Span/def limits-Combined laod [] 200.00
Fre-camber- Ab=olute waloe [mim ] [-] 10.00

Figure 52: Design parameters output
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