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Assessment of a

Composite Bridge
Deck to Eurocodes

For software product(s):

LUSAS Bridge or LUSAS Bridge plus

With product option(s):

Composite Deck Designer (PontiEC4)

With additional software

Microsoft Excel installed

Description

The global analysis and the assessment of the main girders of a two span continuous
bridge is to be carried out using the Composite Deck Designer (PontiEC4) software
option and LUSAS Bridge. The example is written for use with PontiEC4 Version 3.1.

The bridge has a symmetrical composite two-girder structure with two spans of
50.504m. For the purposes of the example the following geometrical simplifications

have been made:

The horizontal alignment is straight
The top face of the deck is flat

The bridge is straight

The structural steel main girders are of a constant depth of 2700 mm

Plan, elevation and typical cross section views of the bridge deck are shown on the

following pages.
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Plan of the left-hand span showing location of transverse bracing.

e Vs
A A

2676, 2676, 4000 , 4000 4000 . 4000 . 4000 . 4000 . 4000 _ 4000 . 4000 _ 4000 2676 7676

,
= |
e
~,
>
e
—
|
.
-
|
.
—
[==}]
= A
,
[}
_—
—
=)
R

4030 2100 B100 I 10004

50504

Elevation of the left-hand span showing girder segment numbering (regions of changes
in cross section). Right-hand span is similar but handed.
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Typical cross section

The total slab width is 12.75 m. The centre-to-centre spacing between the main girders
is 5.75 m and the slab cantilever either side is 3.5 m long. The main girder dimensions,
for each segment, are summarized in the following table.

Table of main girder dimensions

Top Top flange Height Web Bottom Bottom
Segment flange / of . flange flange
. thickness thickness . )
name width (mm) beam (mm) width thickness
(mm) (mm) (mm) (mm)
A 600 20 2700 20 1100 20
C 600 30 2700 22 1100 40
B 600 30 2700 18 1100 40
E 600 30 2700 18 1100 50
D 1100 40 2700 25 1200 50

The slab thickness varies from 0.37m over the main girders to 0.27m at its free edges
and at its axis of symmetry. For simplification reasons, the actual slab cross-section of a
half-deck is modelled by a rectangular area, which is the same as the actual width (i.e.
12.75/2 m), and a second rectangular area modelling the concrete haunch, which has the
same width as the upper structural steel flange. The equivalent thickness of slab is
273mm and the equivalent height of the haunch is 75mm.
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In the Composite Deck Designer (PontiEC4) the units in use are always indicated in the
input and output dialogs, and in general forces are expressed in N (Newton), lengths in
mm (millimetres), and moments expressed in Nm (Newton Metres). The units used for
the LUSAS model will therefore be N, m, kg, s, C.

Composite Deck Designer (PontiEC4 )

The Composite Deck Designer (PontiEC4) is a software option that carries out
comprehensive calculations for multiple sections on steel/composite bridge decks to the
Eurocodes. Force and moment results for selected bridge deck elements are provided by
LUSAS and loadcase combinations defined within LUSAS are associated with design
limit states and phases defined in PontiECA4.

Design calculations covering ULS bending, stress, shear and interaction; SLS stress,
web breathing and cracking, and fatigue checks for main members and connectors are
carried out. Results, output in tabbed dialogs, visually show values that pass or fail.
Graphs and a report containing all input data and output with references to the
Eurocode clauses can be easily created.

Keywords

Composite Deck Designer, EC4, Design, Checking, Import, Export, ULS, SLS,
Graphing

Method and Objectives

The main steps can be summarized as follows:

1. Define geometric and material properties in the PontiEC4 Composite Deck
Designer.

2. Export geometric and material properties from the PontiEC4 Composite
Deck Designer for use in a corresponding LUSAS model.

3. Use LUSAS to calculate the forces and moments for all limit state
combinations.

4. Export the force and moment data from LUSAS for use in the PontiEC4
Composite Deck Designer.

5. Import force and moment data into PontiEC4 Composite Deck Designer
6. Assess results and carry out detailed design checks in PontiEC4

7. Optimize the structure.
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The full interaction between LUSAS Bridge and the PontiEC4 Composite Deck
Designer can be seen by referring to the following flowchart.
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Associated File

This file is supplied in case it is desired to automatically populate the material and
geometry dialogs with the initial values required by the example by using the File >
Open menu item. If this is done, continue at step 2 in the example entitled ‘Export
geometric properties from PontiEC4 LUSAS’.

e Composite Bridge Deck Initial.csv - Initial material and geometric
data / definitions for use with PontiECA4.

Other associated files are stated at various points throughout the example.

1. Define material and geometric properties in PontiEC4

This section covers the definition of material and geometric properties for the
assessment in the PontiEC4 Composite Deck Designer. At the end of this section these
properties are exported to LUSAS as a VBS file to define the beam cross section
properties.

Running the Composite Deck Designer (PontiEC4)

¢ Run the Composite Deck Designer (PontiEC4) and select the File> New menu item
to create a new PontiECA4 project.

e Select File> Save as to save the PontiEC4 project data that will be entered to a
different folder from the PontiEC4 installation folder with the name
Composite_Bridge_Deck.csv

Note. All data entered in the PontEC4 dialogs will be saved to this file. Previously
created and saved data, or supplied data (held in .csv files) can be loaded into PontiEC4
dialogs by using the File> Open menu item.

Defining material properties

The material dialog is immediately available when you start a new project or when you
open an existing one. The material dialog is organized into separate panels; Concrete,
Concrete age, Steel etc.

e For each panel on the dialog enter the material data shown in the following images.
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Concrete slab

— Concrete slab
Strength fok [MAmm™2) 332

Stengthfetef* N/mm™2) [0
Partial factor Tz I'IE—
Cement clazs m
Aggregate type Im
Coeff. of thermal expanzion IW

Concrete age

— Concrete age

When diving shrinkage ks [day] |2—
At time conzidered b [day] Iﬁ
“When perm. load is applied o [day] |30

YWwhen shiik. load iz appled to [day] |2—
When impozed d. are applied to [da_l.l]ISEI—
Permanent creep multiplier Pl |11—

Shrinkage creep multiplisr Pl 055

Defarmations creep multipler Peil I'I 5
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Modular ratios

— Maodular ratios

* Automatic calculation © Direct input
i
nlL permanent loads
nL zhrinkage

—
—
—
—

nl imposed deformation

Environment

— Environment

Exposed area [mm”™2) |‘| £40259
Expozed perimeter [mm) |‘| 3352
Relative hurnidity (3] I?I]

Imposed strain in the slab
— Imposzed strain in the slab

&+ Automatic calculation € Direct input

Shrinkage Deformation ID—
Temperature difference [°C] |1 I

Control of cracking

Control of cracking

Max. crack width wk [mm] |2 -
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Shear connection

— Shear connection

ltirnate strength fu [NAmm™2) 450

Refaramce vaies for fafigue sfremafr af 256 arefes

shear stress AT o [NAmm™2] IE"]—
nomal stress Ao ¢ [MNAmm ™2 IEU—
Parfial facfors:

v, 15 ke(SLs)[o6

R T v L

Steel
— Steel
b oduluz of elasticity [N.-’mm“E]lW Poizzon’s ratio v IEIB—
.. structural steel .. reinforcement steel
Grade | EM 10025-2 5355 2| kiemmz 450
<=40 mm =400 i Fatigue strengtf
fu NAmm™2) |510 470 AoRek (i) [16250
2] |355 |335 Parfal fackors:
Parfial facfors: T s 1.15
|— T M F 2] 11
T Mser I

e Click on the Question mark button J next to the Grade field, to define the Steel
grade shown.
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Fatigue

— FATIGUE. Damage equivalent factars
STAUCTLARAL STEEL

- for damage effects 2,4 I [ A w1
induced by the traffic

A2 IEI.EIEB Ly
Ag |'|.|:||:||:| Aua
Ay |'|.|:||:||:| LA

SHEAR STLDT ALFOAC 8485

. )
¢Fatlw

[ alues depending on the section pozition [input in the -Geomety- dialog window]

Az

- fior the traffic
composgitian

- for design life of
the structure

- for effects of the
heawy traffic on the
ather zlow lanes

A, can be calculated with data input in the window dialog that appears when you

. . ? . . . .
click on the Question mark button J next to the input field. In this case, input the
data below:

4‘ Damage equivalent factor LAMBDAZ for road bridge [_ o] x]
i Calculations r— MWumnber of observations
s B Vs Table 4.5(n) - Indicative number of heavy vehicles expected per
- 5 sy 3 v
) 0. [N% } o - LZ no: ] year and per slow lane. EN 1991-2:2003 (E)
2= m — N
7 ] per year
QC ‘VG 2 m; Traffic categories obs )
Vs and per slow lane
- Vs ’ s
2= le -Vob_- _ Z nrQl Roads and motorways with 2 or more 2.0« 10°
%2 0 N Q= Z n £ |lanes per direction with high flow rates
0\ 0 i of lorries
2 Roads and motorways with medium 0,5 % 10°
= = [l .
A p= DL A v2= 0953 i flow rates of lorries
Bo = 480 kM [weight of FML3] 3 r Main roads with low flow rates of 0,125 = 10°
Mo = 0.5E6 lorries
4 Local roads with low flow rates of 0,05 10°
o [
Nobs= GE+5 [Cir. Tab. 4.5 lorries
Qmi= 445 4 kN [Chr. Tab. 4.7) ‘
O | User Caloula = |
Gmly= 457 4 kM [Ch. Tah. 4.7) _I
[~ Heawy vehicle distibution
Table 4.7 - Set of equivalent larries. EN 19891-2:2003 (E)
E all gl mil l‘.l_u_[
(2o 9|6 ©0 o0 000 00" 00|00 00 00
Q,=200kN |Q,=310 kN| Q,=490 kN Q,=390 kN| Q. =450 kN
& 20% 5% 50% 15% 10% Long distance
o 40% 10% 30% 15% 5% Medium distance
e 80% 5% 2% 5% 2% Local traffic
e o % % % % User Calcula
oK Exit
o e

10
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e A3 can be calculated with data input in the window dialog that appears when you

. . 7 . . . .
click on the Question mark button J next to the input field. In this case, input the
data below:

4‘ Damage equivalent factor LAMDAS3 for road bridge [_ (O] x]
Dresign life of bridge (vears] 100

-

18 ra s
t t
A, =|-H =1 A= =i
3 LIOO} ? LIOOJ

4

Defining shear lag slab and flanges

e In order to input data for the effective slab width calculation, select the Utilities>
Shear lag slab and flanges menu item.

e |Input an array of the bridge spans in the text box in the top right corner:

50.504,50.504 and click on the _>| button. The X distance where the effective
slab width changes will be automatically set up in the table

e For each row input the flange widths b1*, b2*, b0 as 2875, 3500, 500 respectively.

Note. Values in the table can be selected and copied and pasted into other cells by
/ using the context menu.

¢ In the Type column input the code 0 for the first and last section, 1 for the sagging
regions, and 2 for the middle support.

e Click the Calculate button to calculate beg,

11
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{8 Data for shear lag of concrtete and steel flanges (EN1994-2 5.4.1.2, EN 1993-1-5 3.2.1) M= E3
0 1 | 2 3 ‘ 4 sy of spans (ml eg, 65080, [50504 50604 =
| ] l | | 5 5

A A bl b2 b0 beff bel | be2
| | | i () | | o) | o) (722 e | Lo | o | gy | el | bete2
; ! 2875 (3500 (SO0 (0 |5878 |4293 (2625 (3250 0,959 |0.880
12626 2875 |3500 (500 (1 |B375 |4233 (2625 (3,250 |1.000 |1.000
i ~__ i 37.875 (2875 |3500 (500 (1 |B375 |4293 |2625 (3250 |1.000 |1.000
L L, Ly 50504 (2875 (3500 (500 (2 (G282 (2525 |2625 (3157 |1.000 |1.000
L4 L2 (LA Lo Lof2 | Lol4 €313 (2876 |3500 (500 (1 |B375 (4293 |2625 (3,250 |1.000 |1.000
| | ! ! 88382 (2875 (3500 (SO0 (1 |B375 |4293 |2625 (3250 |1.000 |1.000
B 1010.. (2876 |3500 (500 [0 |5878 (4233 |2625 (3,250 |0.953 |0.880

befr 1 eff,1
bﬁff.D G baﬂ’,z beﬂg

T bi—s— b5 — Key:

Den 1 L= 085 Ly for b
= 0.85 Ly for by

2 Lc= 0,25([,1 + Lg) for hcffz
3 Lc: 0,70 LZ for bcfm

—— 4 Le=2 Ls for bera

Calculate Eit

o  Click the Exit button to close the dialog and return to the material dialog

Note. Values of effective length Le can be used to manage the shear lag of the
flanges.

Defining geometry for segment A

The geometric data for each segment and/or section along the bridge now needs to be
defined starting with segment A.

e From the main menu select Windows> 2 Geometry to display the Geometry dialog.

Note at this stage it is not necessary to define all the sections in each segment that will
be checked; it will be enough to define just one section for each segment, and input a
distance to automatically obtain the corresponding effective width of slab from the
shear lag slab table previously defined.

Note. No entered data is saved with a segment name until the Add to list button
is clicked.

Segment name, sections, x-distances

e Input the data for the first Segment as shown in the following image.

Segment name

[&

Sectionz [eg. Secl,SectZ,. = [m] [ez. =1 =2, ]
51 |0

12
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Structural steel plate details

e With reference to the main table of girder dimensions, enter the following values
and make sure also that Top flange in Class 1 is checked (ticked).

— Shuctural steel [4)]

bz [mm] IEDD— v Top flange in Clazz 1
k= [rnm] IEEI— r Top flange<d40mm
hirnet [mm]lw

twar i) IQD— wieb stiffeners

alpha ID I Inclined web

bi () I'I 100

i [rom)] IEU— [ Bottam flange<40rmm

Advanced optiohz for flanges
™ Edi ophions Top fanae
I Edit options Eattan Flange

(ticked) for flanges that have a total thickness above 40mm, when they are made up
from a number of plates each of a thickness less than 40mm. When done, ultimate and
yielding tension for steel below 40mm thickness will be used.

Note. The checkboxes for Top / Bottom flange <40mm should be only checked

13
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Longitudinal web stiffeners details

e Click the Web stiffeners button and input data as shown in the following image,
then click OK.

48 | ongitudinal web stiffeners { & ) [_[O]x]

3+ |

n1 +— b=

- |n2 :ﬁ
1

— Longitudinal web stiffeners

h1 [mm] |1DDD ha [mm] |0

Left Right
Mostffeners ©© R & L T Mo stiffeners & R L O T

b [rrrn] t [mrn] b [rar] t [mm)

harizantal |1ED |18 harizontal |0 1]
wvertical IU— IU— wertical IU— IU—

Ok | Exit |
4

Vertical web stiffener distance

Wertical stiffeners [A]

Distance between stiffeners [mm) |4EIEII:I

r Rigid end post EM 1993-1-5, 5.2[2]

™ Edit options Wertical stiffeners |

Slab concrete

¢ In the Slab concrete panel right-click inside the bcls field and select Calculate beff.
The width of slab will be computed by interpolating using data previously defined in
the shear lag table. Input other data as shown in the following image.

Slab concrete [A]

bels [rmm) (587775912, tels [mm] |2?3

b1 [mm)  |E00 bex [mm) |2767

hzop [mm]I?E ™ Consider haunch

14
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Reinforcing bars

Reinforcing bars [4&]
bar diameter [mm]  bar spacing [mm) bar cover [mm)

top lawer |1 E |1 oo |4EI
bottom laver |1 b I-I oo Im

Shear connection

— Shear connection [A]

n [n*/m] IEEI diameter [mm] |22 hzight [rmm] IEEEI

Juzt clazs] and 2 sections in the plastic zones

Digtance elastic-plaztic zection for LILS-min. L [mn] ||:|

Fiezulting comprezszion in the concrete slab, at L from

current zection, for ULS k-min. Fx [M] IEI.I:IEIEIE +000

Fatigue data

— Fatigue [&]
famage aquivalien facfor ffraffe)

Steel [(Bending mament] 3, 1 W ﬂ

Steel [Shear) Aqlzas

Bars b %1 IW
Traffic loading factor [Reinforcing bars] IW

D etail categonies data [4] |

e )4 can be calculated automatically by clicking the Question mark button _7| next to
the input field and then, on the Damage equivalent factor dialog, select the radio
button for the midspan section and enter 50.5 for the Span length for moments and
20.2 for the Span length for shears.

15
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4‘ Damage equivalent factor LAMDA1 for road bridge =]
Figure 9.7: Location of midspan or support

) . support . .
— midspan section — seggon \V_mldspan section \I
g e

£ AN AN

‘ L 0,15L|0,15Lz L 0,15L¢

A1,9.5.2 (2) EN 1993-2, 2006(E)

Bending
moment Shear force
at midspan 2.55-0.7 (L-10) /70 | L=lengthof span | L = 0.4 " span under
under consideration consideration

L<30m | 2.00-0.3(L-10)/20 L = the mean oftwo | L = length of span

at support _ ot 5P
L=30m/!| 1.70+05 (L-SO) /50 adjacent spans under consideration

Span length for moments [m) IED.E A1= 2145

Span lenath for shears [m) 0.2 A1= 2448

16
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Detail categories

¢ In the Fatigue data panel, select the Detail categories data button and input the data
as shown on the following image, then click OK.

& Data for fatigue verification of structural part { A ) M=l E3
— Taop flange
A g [N mm™2] |125 Table 8.1: Plain members and mechanically fastened joints (EMN 1993-1-9)
i Bottom flange
As g [N 2] IWZE Table 8.1: Plain members and mechanically fastened joints (EN 1993-1-9)
—web
At g [N 2] ITDD Table 8.1: Plain members and mechanically fastened joints (EN 1933-1-9)

— Tap flange joint

A g [NAmm™2] |T12 t1 [mm] IZU t2 [mm] IU e [mm] 0 Table 8.3 Transverse butt welds [EM 1993-1-9]

— Battom flange joint

asp (N2 112 1 [rom) [20 £2 (o) [0 & () [0 Table 8.3: Transverse butt welds (EN 1333-1-9)

i web-Top flange
As g [N 2] |T12 Table 8.2 Welded buit-up sections (EM 1933-1-9]

—Wweb-Bottom flange
Az g [N 2] IT'IZ Table 8.2 Welded buit-up sections [EM 1993-1-9]

[ Vertical stiffenerweb
A g [Nmm™2] |20 Table 8.4: Weld attachments and stiffeners [EM 1993-1-9)

[ Wertical stiffener-Top flange

Axp [N/mm™2) ISU Table 8.4: Weld attachments and stiffeners (EM 1333-1-9)

[ Mertical stiffener-Bottom flange
As g [N 2] ISD Table 8.4: Weld attachments and stiffeners (EN 1333-1-9)

r— Horizartal stiffener-web
Az g [N 2] IEU Table 8.4: Weld attachments and stiffeners [EN 1993-1-9)

Adding data for segment A to the segment treeview

e Click on the Add to list button located under the segment treeview to save all the
data previously entered for Segment A.

o Before entering data for other segments, in the segment treeview double-click on
the name of the segment A. All data previously input is now available for use in
defining the next section.

Note. Double-clicking on a segment name in the Segment treeview panel will
/ switch PontiEC4 from EDIT MODE to INPUT MODE. The status bar at the
bottom-left of the screen will always show what mode is being used at any time.

17
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Defining Segment C

e In the Segment name field delete A and type C. Then, with reference to the
following image, change or ensure that the dialog fields marked have entries as
shown. Remember that the values of bcls and bsx can be calculated automatically by
selecting Calculate beff from the context menu for both fields.

— Segment name
"
Ic 5T
Sections [eg. Secl.Sect2,. | [m] [es. ®1.X2,.]
1 P Je P
— Structural steel [C)
be [mm) {600 i Top flange in Class 1 tels
ts [mm] |30 ™ Top flange<40mm hcop
hirnet [rarn]| 2700
twor () |22 ‘web stiffeners | hmet
alpha 0 = Inclined wet
bi (mm] I'I'IEIEI
ti [40 ﬁ I” Battom flange<40
I[::] 1 — e A — Slab concrete [C)
IV arCEl DpllDrlS or flanges ] -
bels (mm) E'ISE.?P tels (mm) [273
I Edit options Taop flange | I I 4
F e b1 o] [E00 biss (mm) [2836.3
it options Bottarm el |
Sonenge heap [mm) | 75 ™ Corsider haunch
— Wertical stiffeners [C] — Reinfarcing barz [C)
Distance bebween stiffeners [mm]  |4000 b diameter (mm] - bar spacing (mm) bar saver (mm) Audd ko list |
top |
I~ Rigid end post EM 199315, 5.2(2) opavel % 100 J20
bottom layer l— Clear form
™ Edit options “ertical stifferers | 20 ‘ 100 40

e When complete, click the Add to list button to save the data entered.

18
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Defining Segment B

e Ensure that the dialog fields marked have the entries shown. When complete click
the Add to list button to save the segment data entered. Then define Segment E in
the same way, again clicking the Add to list button when complete.

— Seament name
4

-4
B BT
Sections [eg. Secl.Sect2,.. X [m] [es. ®1.%2..] F-B
[s1 P |15.2P j;j hels ———+
bsx —
— Structural steel [B] cinf csup
bs [mm) |00 ¥ Top flange in Class 1 tels
ts [mm] |30 I Top flange<40mm hcop
hmet (mm)|2700
twr, hwt
twr [rm) |18 Web stiffeners hmet
alpha 0 I Inclined wets bi, ti
bi[mm] |1100
[ 40 ﬁ I™ Battom flange<40
‘[::] 1 P bR — Slab concrete [B]
IV ance: DD[\DI’]S orflangez ]
bels [mmm) |6375 tels [mm) IE?E)
I Edit options Top Hange
& b1 [mm] |600 bex [mm) |2875
it options BottarFl
Semrene heap [mm]|?5 ™ Corsider haunch
—Wertical tiffeners (B] ————— | [ Reinforcing bars [B]
Distance between stiffeners [mm) 4000 bar d"amElE[ () bar spacing (mm] bar caver mm] Lidd b list |
top layer
™ Rigid end post EN 1953-15, 5.22) P |1BH 10 a0
bottom layer Clear form |
™ Edit optinns Wertical stiffeners I18 F I‘IDU |4D

Segment E

— Segment name
E

Sections (eo. Secl.Sect2... X [m] [es. 51.%2..)
IS‘I h 25.252

— Structural steel [E]

bs [mm) IBDD— 7 Top flange in Class 1 tels
ts [mm] |30 I Top flange<40mm hcop
hirnet [rarn)| 2700

twr () lTﬁ ‘weh stiffeners hmet

alpha ID I Incined web
bi [rm] IHUU

b (] 50 ™ Battom flange<40mm

— Slab concrete [E]

Advanced options for flanges l—h

belz [mm) |E375 tels (mm) [273
[~ Edi options Tiop fange
- b1 (rom)  [500 b (mm] [2875

Edit options EottomFl
e heop [mm]|75 ™ Corsider haunch
 Wertical stiffeners (E]——— | [ Reinfocing bars [E]

Distance betwsen stifeners mrm) — [4000 bar dii eter (mm|  bar spacing (mm] bar cover (mm] dd o st |
16

top layer
I~ Rigid end post EN 199315, 5.2(2) A [100 Jan

bottom layer Clear foim
I Edit options “ertical stiffeners I'IE ‘ 100 40 |

19
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Segment D

e With reference to the following image change or ensure that the dialog fields
highlighted have the entries shown.

— Segment name
"

z =
Sections [eg. Secl.Sect?,.. ¥ [m] [es. X1 2,.]
|51 h 50504 h

— Structural steel [0

bz [mm] |1100 i Top flange in Clags 1
ts [mm) |40 I Tap flange<40mm
hmet [mm]|2700
twr [mm) |25 Web siffeners |
alpha 0 = Inclined web
bi[mm)  |1200
ti[mm] |50 ™ Bottom flange<40mm
Advanced options for flanges
™ Edit options Top flange
™ Edit options

Eottam Flangs |

tur, hut

hi, ti

— 5lab concrete (D]

BEEEE
omm =

hmet

bols (mm] [6251 sh tels mm] [273

b1 (mm]  [500

heap [mm]| 75

b [mm] [2675
™ Cormider haunch

— Wertical stiffeners D]

Distance between stiffeners (mm) |4UDD

i Reinforcing bars (D)

bar diameter (mm]  bar spacing [mm] bar cover [mm]

Ald b fist |

3 J100 J40

Detail categories data (D)

Bars % 31 [o.000
Traffic: lnading factor [Reintorcing bars)  |0.000

top laper

r Rigid end post EM 1933-1-5. 5.2(2] DI

bottam laper
™ Edit options Wertical etiffeners |

— Fatigue (D]

Damage Steel [Bending) & 4 [1.905 j
equivalanf fackor
[ttt Steel [Shear] A4 |1.808

Clear form |

Shear connection (D]

/m) |2U diameter [mm] |22 height [mm] 260

Just clazel and 2 sectionsz in the plastic zones
Distance elastic-plastic section for ULS-min.

Resulting compression in the concrete slab, at L from
current section, for LS M-min.

Lim [
Fu(N) [0.000E+000

e Click on the Question mark button _?I next to the Steel (Bending moment) field and
specify a support section and a Span length for shears of 50.5 as shown in the

following image.
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4‘ Damage equivalent Factor LAMDAL for road bridge H=]

Figure 9.7: Location of midspan or support

midspan section support midspan section
j— midspan seclon — - sectog o — ~
£ Ay Fa

0,15L,; |0,15L 0,15L
‘ .f_1 1 2 1’_2 2

A ,9.5.2 (2) EN 1993-2, 2006(E)

Bending
moment Shear force
at midspan 255-0.7 (L-10) / 70 | L=lengthofspan | L =04"span under
under consideration consideration
L<30m | 200-03(L-10)/20 | _ j
at suppor‘t L —the mean oftwo | L = length _of span
L=30m| 1.70+05 (|_-30) /50 adjacert spans under consideration

Span length for moments (m]  |50.5 A1= 1.905
Span length for shears (m) A0.5 A1= 14906

4

e When complete click the Add to list button to save the segment data entered.

2. Export geometric properties from PontiEC4 to LUSAS

e  On the main menu select Window> 4 Results to set the Results dialog active.
PontiEC4 will check all the data that has been input and run part of the EC4
code check to calculate the required geometric properties of each cross
section.

e Select File> Export geometric properties to LUSAS

e Browse to a suitable destination directory and enter a filename of
“Sections_Rev0.vbs”.

e  Select (check) all the option boxes (apart from Export Phase 2¢), and select the
option Assume slab width constant and use minimum value. Click OK to
finish.
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#Export geometric properties to LUSAS !E E

i File name

| C:\PontEC4\HelphE xamplesiluzas_ExampletdssociatedFileshSections_rev0. vbs D

r— Optiohs
I Export Phase 1 M Distance middle plane of zlab - neutral axis

Iv Export Phase 2a
Agsume slab width constant and use maximun walue

OS]

I Export Phase 2b
5 Aszzume slab width constant and use minimum value

I Export Phase 20 Assume slab width constant and use average value

IV Euport Phase 33, 3b Azzume slab width variable

e e

v Export Cracked E xport segment as tapered

The file created can be imported into LUSAS to create or overwrite any similarly
named geometric and material properties. Note that Phase 2c relates to prestressing and
is not required here.

Discussion: Modelling and Analysis with LUSAS

Because the primary aim of this example is to show the use of the PontiEC4 Composite
Deck Designer and the interaction between it and LUSAS, no step by step instruction is
provided for construction of the LUSAS model. Several modelling approaches are
possible in order to analyse a structure and obtain the forces and moments required for
a design check of the composite sections. Possible options include grillage, ribbed-
plate, or line beam methods. Users can choose the most suitable approach to their
method of working, and obtain forces and moments as required.

The model supplied for use with this example is a grillage model. Longitudinal grillage
members have been placed at the location of the two girders and at the deck edges.
Transverse members have been placed at the locations of the transverse beams and at
the deck ends. Between the main girders, coincident lines are used to model both the
transverse beams and the transverse segments of the slab deck separately. BMS3
elements have been used throughout and all mesh lies on the middle plane of the slab:
the cross sections of the main girders and transverse beams are given an appropriate
eccentricity. The edge longitudinal lines have a dummy cross section and are included
in the model to enable processing of the discrete loads.

Geometric and material properties are imported from PontiEC4 for each of the design
phases considered. The multiple analysis facility is used within LUSAS, using four
analyses to represent the design phases as follows:
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1. Phase 1 - The slab is present just as weight; the cross sections are only steel
and not composite. The concreting order of the slab segments has been
ignored, supposing that the concreting of the slab occurs at the same time.

2. Phase 2a - The composite section has been calculated using the long term
properties of the concrete, and the long term loadings considered are the
permanent ones.

3. Phase 2b - The composite section has been calculated using the long term
properties of the concrete, and the long term loading considered is the
shrinkage of the concrete.

4. Phase 3 - The composite section has been calculated using the short term
properties of the concrete. All variable actions are considered in this analysis.
A series of loadcases have been created to represent thermal action, LM1
Tandem and UDL, fatigue vehicle FLM3 and wind effects.

Note: Phase 2c in PontiEC4 represents the actions arising from prestressing and is
therefore not required in this example.

Transverse slab sections have been calculated based on the appropriate width of slab
with appropriate time-dependant concrete properties applied in each phase.
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Loading and load cases

The following table summarizes the loadings and load cases used for each analysis.

Analysis Loadings Loadcases
PHASE 1 Longitudinal and transv. beams Weight (m/s"2)
PHASE 1 Stud Weight (N/m) __for_beam
Phasel PHASE 1 Slab Weight (N/m)__for_beam Self_Weight
PHASE 1 Curb Weight w=750mm (N/m)__external_beam
PHASE 1 Curb Weight w=1500mm (N/m)__internal_beam
Phase2a PHASE 2a Permanent loading (N/m)__x_external_beam Permanent
PHASE 2a Permanent loading (N/m)__x_internal_beam
PHASE2b Internal support settlement Settlement
Shrinkage_A_S1
Phase2b Shrinkage_C_S1
Shrinkage_B_S1 Shrinkage
Shrinkage_E_S1
Shrinkage_S_S1
PHASE 3a Thermal Heat Thermal_Heat
PHASE 3a Thermal Cold Thermal_Cold
From ID=2 Pos=1
Tandem1 (Eurocode Load model 1 300000N) t0 1D=36 P0s=35
From 1D=37 Pos=1
Tandem2 (Eurocode Load model 1 200000N) to ID=71 P0s=35
From ID=72 Pos=1
Tandem3 (Eurocode Load model 1 100000N) to ID=106 Pos=35
_ 2 From ID=2 Pos=1
Phase3 UdI1 (Eurocode Lane Load 3mx3m Load=9000N/m*<) t0 ID=36 P0s=35
_ 2 From ID=37 Pos=1
UdI23 (Eurocode Lane Load 3mx3m Load=2500N/m*) to ID=71 P0s=35
_ 2 From ID=72 Pos=1
UdI23 (Eurocode Lane Load 3mx3m Load=2500N/m<) to ID=106 Pos=35
_ 2 From ID=107 Pos=1
UdIRA (Eurocode Lane Load 3mx1.5m Load=2500N/m<) to ID=141 Pos=35
. From ID=2 Pos=1
FLM3 (Eurocode Fatigue Load Model 3 120000N) t0 ID=36 P0s=35
PHASE 3b Wind V (N/m)__x_internal_beam Wind
PHASE 3b Wind V (N/m)__x_external_beam

Traffic loading

The traffic loading has been generated from the vehicle libraries in LUSAS and
positioned using the Moving Load Generator. LM1 Tandem loadings have been moved
along the lanes using an incremental distance of 3m. UDL loadings are defined as a
segment with a length of 3m, and moved along the lanes by an incremental distance of
3m. (These patches will be combined in Smart Combinations and applied in adverse

area only)
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The notional lane position for the LM1 has been considered to maximize bending
moments and shears in the right (external) girder beam. The lane position of the Fatigue
model loading 3 is the actual position of the heavy traffic lane.

2187 . 2000 . S000

Notional lanes for Load Model 1 (ULS and SLS)

3750 125

o
2
-]

m—
A .":E&i:’::-’*:‘t-”—."“\»:'—\\f'::\ T M

Fatigue Load Model 3 positioning
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Shrinkage

Shrinkage effects in analysis Phase2b have been calculated applying a thermal gradient,
equivalent to an imposed curvature. The forces and moments arising from this model
represent the hyperstatic effect of the shrinkage. The primary effects of shrinkage are
computed directly in PontiEC4 for each section.

Smart combinations

In order to define the design envelopes for each Phase and for each Limit State the
following smart combinations have been defined.

Preliminary combinations
Loadcase 1D: 288 Title: Thermal_effect_k

Sub Type: Smart Combination
Loadcases to consider: 1
Variable Loadcases: All

Loadease Results Beneficial Adverse Title Type

File Factor Factor
5 1] Lo 1.0 Thermal_Heat Temperature Gradient (TG)
6 0 1.0 1.0 Thermal_Cold Temperature Gradient (TG)

Loadease ID: 290  Title: Tandem_1
Sub Type: Smart Combination

Loadeases to consider: 1

Variable Loadcases: All

Loadease Results Beneficial Adverse Title Type

File Factor Factor
7 i 1.0 1.0 Load ID=21 Line=365 Pos=1 Dir=Fwd {7} Live Load (L)
41 U 1.0 1.0 Load ID=21 Line=365 Pos=35 Dir=Fwd (4 Live Load (L)

Loadcase 1D: 292 Title: Tandem_2
Sub Type: Smart Combination

Loadcases to consider: 1

Variable Loadcases: All

Loadcase Results Beneficial Adverse Title Type

File Factor Factor
42 1} (K1) 1.0 Load ID=22 Line=368 Pos=1 Dir=Fwd {42} Live Load (L)
Tb 0 Lo 1.0 Load ID=22 Line=368 Pos=35 Dir=Fwd {76) Live Load (L)

Loadcase 1D: 294 Title: Tandem_3
Sub Type: Smart Combination

Loadcases to consider: 1

Variahle Loadcases: All

Loadcase Results Beneficial Adverse Title Type

File Factor Factor
77 1} 1.0 1.0 Load ID=23 Line=370 Pos=1 Dir=Fwd {77 ) Live Load (L)
11 {0 1.0 1.0 Load 1D=23 Line=370 Pos=35 Dir=Fwd (11 1) Live Load (L)
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Loadease 1D: 296 Title: Udl_k
Sub Type: Smart Combination

Loadecases to consider: All

Variable Loadeases: All

Loadcase Results
File
112 0
146 1]
147 0
216 1]
217 0
251 4]

Beneficial
Factor
0.0

00
0.0
0.0
0.0

0.0

Adverse
Factor
1.0

1.0
1.0

1.0
1.0

1.0

Loadease ID: 298  Title: Tandem_k

Sub Type: Smart Combination

Loadeases to consider: All
Variable Loadcases: All

Loadcase Results
File
290 0
291 0
292 0
293 0
294 1]
2495 0

Loadease ID: 300  Title: Wind_k

Beneficial
Factor
0.0

0.0

0.0

0.0

0.0

0.0

Sub Type: Smart Combination

Loadeases to consider: All
Variable Loadecases: All

Loadease Results
File
287 0

Beneficial

Factor
-1.0

Adverse
Factor
(K]

L0

1.0

1.0

(W]

1.0

Adverse
Factor
1.0

ULS design combinations

Title Type

Load ID=7 Line=363 Pos=1 Dir=Fwd (112) Live Load (L)

Load ID=7 Line=363 Pos=33 Dir=Fwd (146) Live Load (L)
Load 1D=10 Line=368 Pos=1 Dir=Fwd (147) Live Load (L)
Load ID=10 Line=370 Pos=35 Dir=Fwd (216} Live Load (L)
Load 11=24 Line=372 Pos=1 Dir=Fwd (217) Live Load (L)
Load 1D=24 Line=372 Pos=35 Dir=Fwd (251} Live Load (L)

Title

Tandem_1 (Max)
Tandem_1 (Min)
Tandem_2 (Max)
Tandem_2 (Min)
Tandem_3 (Max)
Tandem_3 (Min)

Title Type

Wind Wind Load (W)

Loadease ID: 302 Title: ULS_Fundamental_Phasel
Sub Type: Smart Combination

Loadcases to consider: All

Variable Loadcases: All

Loadcase Results
File

| 0

Beneficial

Factor

W]

Adverse
Factor
1.35

Title Type

Self Weight Structural Gravity (G)

Loadcase 1D: 304  Title: ULS_Fundamental_Phase2a
Sub Type: Smart Combination

Loadcases to consider: All
Variable Loadcases: All

Loadcase Results
File
2 1]

Beneficial

Factor
1.0

Adverse
Factor
1.35

Title Type

Permanent Structural Gravity (G)
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Loadcase ID: 306 Title: ULS_Fundamental_Phase2b
Sub Type: Smart Combination

Loadcases to consider: All

Variable Loadcases: All

Loadcase Results Beneficial Adverse Title Type
File Factor Factor
3 0 0.0 1.2 Settlement Settlement (STL)
4 i 1.2 1.2 Shrinkage Shrinkage and Creep (5C)

Loadcase ID: 308 Title: ULS_Fundamental Phase3a
Sub Type: Smart Combination

Loadcases to consider: All

Variable Loadeases: All

Loadease Results Beneficial Adverse Title

File Factor Factor
288 ] 1.2 1.2 Thermal_effect_k (Max)
289 ] 1.2 1.2 Thermal_effect_k (Min)

Loadease ID: 310 Title: ULS_Fundamental_Phase3b
Sub Type: Smart Combination

Loadecases to consider: All

Variable Loadcases: All

Loadcase Results Beneficial Adverse Title

File Factor Factor
296 1] 0.0 1.35 Udl_k (Max)
297 1] 0.0 1.35 Udl_k (Min}
298 0 0.0 1.35 Tandem_k (Max)
2 i} 0.0 1.35 Tandem_k (Min)
300 0 0.9 0.9 Wind_k (Max)
301 1] 0.9 0.9 Wind k (Min}

SLS characteristic design combinations

Loadcase 1D: 312 Title: SLS_Characteristic_Phasel
Sub Type: Smart Combination

Loadcases to consider: All

Variable Loadcases: All

Loadcase Results Beneficial Adverse Title Type
File Factor Factor
1 U] Lo Lo Self Weight Structural Gravity (G)

Loadcase ID: 314 Title: SLS_Charactersitic_Phase2a
Sub Type: Smart Combination

Loadcases to consider: All

Variable Loadcases: All

Loadease Resulis Beneficial Adverse Title Type
File Factor Factor
2 il 1.0 1.0 Permanent Structural Gravity (G)

Loadcase ID: 316 Title: SLS_Characteristic_Phaselb
Sub Type: Smart Combination

Loadeases to consider: All

WVariable Loadeases: All

Loadcase Results Beneficial Adverse Title Type
File Factor Factor
k i) [iX1] 1.0 Settlement Settlement (STL)
4 0 1.0 1.0 Shrinkage Shrinkage and Creep (SC)
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Loadease 1D: 318 Title: SLS_Characteristic_Phase3a
Sub Type: Smart Combination

Loadcases to consider: All

Wariable Loadcases: All

Loadcase Results Beneficial Adverse Title

File Factor Factor
288 1] 1.0 2.0 Thermal _effect k (Max)
289 [t} 10 L0 Thermal_effect_k (Min)

Loadcase ID: 320 Title: SLS_Characteristic_Phase3b
Sub Type: Smart Combination

Luoadcases to consider: All

Variahle Loadeases: All

Loadcase Resulis Beneficial Adverse Title

File Factor Factor
296 0 0.0 1.0 Udl_k (Max)
297 1] 0.0 1.0 Udl k (Min)
208 0 0.0 1.0 Tandem_k (Max)
299 0 0.0 1.0 Tanderm_k (Min)
300 1] 0.6 0.6 Wind_k (Max)
am i] 0.6 0.6 Wind_k (Min})

SLS frequent design combinations

Loadecase ID: 322 Title: SLS_Freguent_Phasel
Sub Type: Smart Combination

Loadeases to consider: 1

Variable Loadcases: All

Loadecase Results Beneficial Adverse Title Type
File Factor Factor
1] 1.0 1.0 Self Weight Structural Gravity (G)

Loadcase ID: 324 Title: SLS_Frequent_Phase2a
Sub Type: Smart Combination

Loadcases to consider: All

Variable Loadcases: All

Loadease Results Beneficial Adverse Title Type
File Factor Factor
2 1] 1.0 1.0 Permanent Structural Gravity (G)

Loadease ID: 326  Title: SLS_Frequent_Phase2b
Sub Type: Smart Combination

Loadcases to consider: All

Variable Loadcases: All

Loadcase Results Beneficial Adverse Title Type
File Factor Factor
3 0 0.0 1.0 Settlement Settlement (STL)
4 1] 1.0 Lo Shrinkage Shrinkage and Creep (SC)

Loadcase ID: 328 Title: SLS_Frequent_Phase3a
Sub Type: Smart Combination

Loadeases to consider: All

Variable Loadcases: All

Loadcase Results Beneficial Adverse Title Type
File Factor Factor
5 1} 1.0 1.0 Thermal Heat Temperature Gradient (TG)

6 ] (] 1O Thermal_Cold

Temperature Gradient (TG)
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Loadcase 1D: 330 Title: SLS_Frequent_Phase3b
Sub Type: Smart Combination

Loadcases to consider: All

Variable Loadcases: All

Loadcase Results Beneficial Adverse Title

File Factor Factor
296 i 0.0 0.4 Udl_k (Max)
297 { 0.0 0.4 Udl_k {Min}
298 i 0.0 0.75 Tandem_k (Max)
299 i 0.0 0,75 Tandem_k (Min)

Fatigue design combinations

Loadease 1D: 332 Title: Fatigue_Phase3b
Sub Type: Smart Combination

Loadeases to consider: 1

Variable Loadeases: All

Loadcase Results Beneficial Adverse Title Type

File Factor Factor
252 0 1.0 1.0 Load ID=25 Line=374 Pos=1 Dir=Fwd (252} Live Load (L)
286 il 1.0 1.0 Load [D=25 Line=374 Pos=35 Dir=Fwd (286) Live Load (L)

Associated Files
These files are supplied in case of difficulties in manually creating the appropriate data.
U Sections_Rev0.vbs - A file created by PontiEC4 containing section data to

il oo
] import into LUSAS.

U Composite_Bridge_Deck.mdl — The LUSAS model file that is to be used
to analyse the structure. After solving this model, analysis results are exported from
LUSAS or use in PontiEC4 to undertake design checks.

3. Use LUSAS to calculate the forces and moments for all
limit state combinations

Open the associated LUSAS model

e Run LUSAS Modeller and select the File> Open menu item, and open the supplied
model named Composite_Bridge Deck.mdl which is located in the \<LUSAS
Installation Folder>\Examples\Modeller directory.

30



Export the force and moment data from LUSAS

Importing the section properties from Ponti EC4

e Select File> Script> Run Script and select the PontiEC4 script file
“Sections_Rev0.vbs” that was created earlier. This imports the geometric section
and material data from PontiECA4.

Note. The attributes have already been imported and assigned in the model and
re-importing them simply overwrites the existing definitions.

o In the Analyses treeview ‘= notice & 1B 1& @ | |8 |
that different geometric assignments | = ‘=3 Erdoe.md =
. . =23 Structural analyses
have been made for the main girders E-= Phasel
and material assignments for the slab =43 Geometric
for. each gnalysw to represent the 6ic F1
various design phases. 11:B_F1
18:E__F1
- 21:0_Fl
e Press the Solve button _|_' to 26:DummySides (IPE 100 & major 2) —
compute all loadcases in all the 27:Transwerse ([PE 500 major 2]
28:5lab_width=4m
analyses. e 231512 _width=2.625m
-] Material

The model contains a large number of
loadcases. After a short wait whilst they are all evaluated, results will be obtained.

4. Export the force and moment data from LUSAS

Selection of elements for checking

To enable design checks to be carried out the start and end elements of each main
girder segment need to be selected. For this example, various deck members as well as
the elements at the start and end of each main girder segment have been pre-selected
and stored as separate Groups.

The model has been saved with group name “Half_External_Beam” (as seen in the
Groups treeview L=1) Set as Only Visible.

o In the Groups treeview L= right-click on the group name “Selected_Elements” and
select the Select Members menu item. These elements selected are those that occur
at the changes of geometric section, and they represent the sections at which design
checks will be undertaken in PontiEC4. Note that re-meshing of the model may
renumber elements and prevent the automatic selection of required elements by use
of this Group name. In this was to occur a manual selection of these elements would
have be done.
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If fleshing of assigned geometric properties was turned on prior to the above, the
elements selected would appear like this showing that they occur at the start and end of
each main girder segment:

Note. The required element selections shown above can otherwise be achieved on a
fleshed model by selecting the Geometric Properties dialog option Colour by>
assignment and then selecting the Geometry menu item to show the geometric

sections and using the Select Elements toolbar button M to only select the elements
required.

e To export the information for these sections, select the Bridge> Composite Deck
Designer> Export...menu item.

¢ In the Analysis selection dialog that appears select Phase 3 from the drop-down list
provided, and click OK. The geometric properties assigned to Phase3 will be used
to determine the section details for export.

Analysis Selection x|

Uze geametric properties fram analysiz

Ok I Cancel |

e On the Export Forces and Moments dialog, select the Selected Sections tab. These
sections have been defined based on the elements selected prior to selecting the
Bridge> Composite Deck Designer> Export... menu item.
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Loadcase Details  Selected Sections |
Section Mame | Element Gauss Paint Cracked =
_1 1 Fakso
&_1_11 1 1 False
A 41 4 1 Falze
A4 4 1 False
Ca1 ] 1 False
C 51 5 1 False
C_12_1 12 1 False
C_12_1 12 1 False
B_13.1 13 1 False
B_13_11 13 1 False
B_20_1 20 1 False
B_20_11 20 1 False [
E_21_1 21 1 False
E_21_11 21 11 False
E_30_1 a0 1 False
E_301 an 1 False
B_31_1 il 1 False
B_31_11 il 11 False
B_38_1 a8 1 False
B_33_11 38 11 Falss =
Open | Save | aK | Cancel | Apply | Help |

For each selected element, the table defines two sections, representing the first and last
Gauss points. Each Section name listed has the following information: Element
(number), Gauss point (number), Cracked/uncracked section status.

The section names in this table are created from the following named objects/values in
the LUSAS model:

“[Segment Name]+“ 7+ “[Element number]+*_"+[Gauss Point Number]

Important. The Export Forces and Moments facility obtains the segment and
the phase name from the name of the assigned geometric attribute, by splitting the
attribute name on the double underscore separator “ . For this reason the
cross-section geometric properties in the LUSAS model must have a name that
follows this standard:

[Segment Name] +”__ ”+ [Phase name]; where the phase name should be: {F1,
F2a, F2b, F3a, F3b, cracked}.

The cracked status of the section is a Boolean value taken as true when the phase
name is “cracked”, and false otherwise.

e Click the “Loadcase Details” tab.

On the Loadcase Details tab the design combinations, design limit states and phases are
to be stated, along with the specification of shrinkage/thermal coefficients and
component values of interest.
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Export Forces and Moments to PontiEC4

Loadcase Details I Selected Sections |

Loadcase Mapping
Basic / Smart combination Loadcases far export
Thema_sffect]_k Design limit state Design Limit -
¥angemﬁ; ULS Fundamental = Loadcase State Phase
Tondem 3 LS _Fundamental_ Phaset ULS Funda. | Phase1 =]
Udik Phase ULS_Fundarnental_Phase2a ULS Funda... =l| Phaze 2a =|
\T\:ESEE k IF’hagE1 j ULS_Fundamental Phase2b ULS Funda.. =l Phase 2h =l
ULS Fundamental Phasel ULS_Fundamentsl_Phaseda ULS Funda.. =l Phase 3a =]
Bll:g{ungamentalfgnasegg >3 | ULS_Fundamental_Phase3b ULS Funda.. =l| Phase 3b =1
undarmental_Phaze = -
U5 Fundamental_Phase3a SLS_Eharaclen%l!c_Phasﬂ 515 Charae... xl| Phase1 =l
ULS_Fundamental_Phase3h << | SLS_Charactersitic_PhaseZa 5LS Charac... || Phase 2a =l
5L5_Characteristic_Phasel = 81 & Charanteristic. Phase?h 216 Charme ] Phase o w7
—Shrinkage and Thermal Coefficients Export data
ULs 5LS File name:
Shrinkage |1_2 1.00 IC:\SVN\pauIb\Docs\Manuals\EHamples\PontiEC4\Forcesﬁandﬁmoments Hls -
Component to masimize / minimize
Theml In_ﬁ ﬁ ™ Fx " Fy V' Fz T Mg ¥ My [~ Mz

Open Save | ar. | Cancel Apply Help

To assemble a design combination, proceed as follows:

¢ In the left-hand panel select ULS_Fundamental_Phasel, select a Design limit state
of ULS_Fundamental, and from the Phase drop-down list select Phase 1. Click the
Add to button LI to add the design combination to the right-hand panel

e Repeat the above sequence for all combinations listed in the table that follows,
selecting the corresponding Design limit state and Phase for each one.

Loadcase Design limit state Phase
ULS Fundamental Phasel ULS Fundamental Phase 1

ULS_Fundamental_Phase2a ULS Fundamental Phase 2a
ULS Fundamental Phase2b ULS Fundamental Phase 2b
ULS_Fundamental_Phase3a ULS Fundamental Phase 3a
ULS Fundamental Phase3b ULS Fundamental Phase 3b
SLS Characteristic_Phasel SLS Characteristic Phase 1

SLS_Charactersitic_Phase2a SLS Characteristic Phase 2a
SLS Characteristic_Phase2b SLS Characteristic Phase 2b
SLS_Characteristic_Phase3a SLS Characteristic Phase 3a
SLS Characteristic_Phase3b SLS Characteristic Phase 3b
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Loadcase Design limit state Phase
SLS_Frequent_Phasel SLS Frequent Phase 1

SLS_Frequent Phase2a SLS Frequent Phase 2a
SLS_Frequent_Phase2b SLS Frequent Phase 2b
SLS_Frequent Phase3a SLS Frequent Phase 3a
SLS_Frequent_Phase3b SLS Frequent Phase 3b
SLS_Frequent Phasel Fatigue Phase 1

SLS Frequent Phase2a Fatigue Phase 2a
SLS Frequent Phase2b Fatigue Phase 2b
SLS Frequent Phase3a Fatigue Phase 3a
Fatigue_Phase3b Fatigue Phase 3b

Note that loadcase SLS_Frequent_Phase3b is not mapped as a Fatigue design limit
state; the Fatigue_Phase3b loadcase must be mapped instead.

¢ Input a Shrinkage coefficient of 1.2 for the ULS, and 1.0 for the SLS.

e Remove the default thermal coefficient values that are present and enter values of
0 for both the ULS and SLS Thermal coefficients

Note. These coefficients will be applied to the characteristic primary effects of the
shrinkage as directly calculated in PontiEC4. The isostatic effect will be neglected
(y*y=0) in the cracked section (True in cracked column of the Section Table column).
The hyperstatic effect of the shrinkage comes from the LUSAS model and the
combination factors have been already applied in the LUSAS smart combinations.

Note. These coefficients will be applied to the characteristic primary effects of the
shrinkage as directly calculated in PontiEC4. The isostatic effect will be neglected
(y*y=0) in the cracked section (True in cracked column of the Section Table column).
The hyperstatic effect of the shrinkage comes from the LUSAS model and the
combination factors have been already applied in the LUSAS smart combinations.

e In the Component to maximize/minimize panel ensure Fz and My are checked.
(These are the components that will be considered in the smart combinations)

o Click the ellipsis button D to choose the folder and name of the xIs file to create
(e.g.: <current work directory>\Forces and_moments.xIs), pressing the Save
button to return to the main dialog

35



Assessment of a Composite Bridge Deck to Eurocodes

e Click the Save button on the bottom-left of the dialog to save the data entered in the
dialog pages for any possible re-use. Save the input as
“Export_Forces_to_PontiEC4.inp”.

e Then, finally, click OK to create the XLS file for use in PontiECA4.

5. Import force and moment data into PontiEC4

This section covers the import of section force and moment data from LUSAS into
PontiEC4. Refer to the “Forces and moments” section in the PontiEC4 online help file
for more information.

Whilst it is possible to manually enter forces and moments into PontiEC4 in the “Forces
and moments” dialog, and it is also possible to copy and paste data into each section,
any importing of data is far better achieved by using the automated procedure as
follows.

e In PontiEC4, with the current data still loaded (or [&=- &

| »

with the data from the supplied file e —
“Composite_Bridge Deck.csv” loaded if no H1 Delets
data is currently present), select the File> e d 1 ackd
Import forces/moments menu item and load the 4N
file Forces_and_moments.xls exported from H"C....m
LUSAS. -5 1
-8 N
PontiEC4 will detect that additional sections are 121
present and if they are to be added to their -12.1
corresponding segments. 3 33—11
. . ) . 431
e Click Yes to import the new sections. This 4311
operation may take a few seconds to complete. 441
The status bar will show the progress. :g-r
4611

e From the main menu select Windows> 2
Geometry to display the Geometry dialog. In the
Segment treeview the new sections added to each
segment can be seen.

[

el
o m m

e [f any previously defined initial sections for each segment (named “S1”) are present
these are no longer necessary and should be deleted. To do this, select each section
named S1 in turn, click the right-hand mouse button, and choose Delete.

Note. If any mistakes are made in deleting the unwanted segments, a re-import
/ of the forces_and_moments.xls file will re-insert any deleted segments.

e Select File> Save As and enter a file name of Composite_Bridge_Deck.csv to save
the project before proceeding to view the results.
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Assess results and detailed design checks in PontiEC4

This concludes the data input.

Associated Files
These are supplied in case of problems in manually creating the appropriate data.
O Export_Forces_to_PontiEC4.inp a file that can be used to re-populate

the pages of the LUSAS Export Forces and Moments dialog.

O Forces_and_moments.xls File created by the LUSAS Export Forces
and Moments dialog containing data to import into PontiECA4.

6. Assess results and detailed design checks in PontiEC4

This section focuses on the procedure required to assess the main girder beams for
Ultimate, Serviceability, and Fatigue limit states. It involves:

Viewing utilisation factors for all checks performed
Updating section sizes for any over-utilised sections

Viewing updated results

> wo o

Updating the LUSAS model and re-analysing the revised sections

It is usually enough to cycle through steps 1 to 4 once or twice to obtain an optimized
structure.

Limited details have been given about all the checks that are carried out. To find out
more about the checks performed refer to the PontiEC4 online Help, where code and
theory details are also supplied.

Viewing results in PontiEC4

e With the results loaded in PontiEC4 select the Window> Summary of results.
menu item. This carries out the design computations in PontiEC4 and displays the
results for deck sections in a summary form.

A check of the utilisation factors obtained should be made for each limit state. Only the
Fundamental ULS combination will be demonstrated here.

Note. By clicking on a particular header the values in a column can be sorted in
increasing or decreasing value. Any utilisation factor that is greater than 1.0 will be
displayed in red.

e Sort the SigEd/fy column. It can be seen that Segments D and C fail the check for
normal stresses at ULS, as shown below.
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Fundamental ULS combination

Section a Combination Bpee | G | e | SIS | vEQVRD | MEAMERD |VEQGNBWRG) VAN | VEQINPRG)
D501 50434 |Fund ULS.Mmas |4 |4 |(84) [1.188  |0.705  |1.33 0.705  |1.243  |0.507
L5 45441 Fund ULS. Mmax |4 |4 (73] [1.179  |o645  |123 0645  |1208 0339
D501 50490 Fund ULSVmax |4 |4 |L81) 1181 0743 |12 0749 [1.234 | 0.563
D501 49638 |Fund ULS.Mmas |4 |4 (78] [1.107  |0.613  |1.24 0613|1124 |0.394
461 45266 Fund ULS. Mmax |4 |4 |(66)  |1.056 0603 |11 0603|1071 0298
D_s01 43630 |Fund ULS.Vmax |4 |4 |(74) |1.0%  |o.748 |19 0748|1138 | 0.563
C_46_11 45440 Fund ULS.vmas |4 |4 |(63]  |1.02 0.96 1.07 0.86 1202 |0.569
D711 47862 Fund ULS. Mmax |4 |4 |(68) |0.957 054 107 0.54 0959|0335
TR 44078 |Fund ULS.Mmax |4 |4 |(59) |0.947  |0536 |09 0537  |Noint |0.254

‘I R 20 11 N 279 Fund 1115 hmin 4 1 n7?: (1wl n1 I 1.m3 n1 Mo int n naa -
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r— Cross-sections and design combinations ——

Fund. ULS. ka4
Fund. ULS, trin ™|
Fund. ULS, Vmas
Fund. ULS, Wmin
Char. 5L5, Mmax
Char. 5L5, Mmin
Char. 5L5. Wmax
Char. 5L5. Wmin
Freq. SLS. Mmax
Freq. 5LS, Mmin
Freq. 5LS, Ymax
Freq. 5LS.%min =
Fatigue LS, Mmax
Fatigue LS. Mminll

Then, in the lower part of the Results dialog, select the Stresses tab.

Plastic check ~ Stresses | Shear | Geometic propetties 0| Geometic properties 1 | Geometiic propeties 2 | Domains MY | Studs. ULS, SLS | 5LS. Web Breathing | Fatigue LS 1 | Fatigue LS 2 |

7 Stresses of gross cross section (% Stesses of effective cross section

Note. Changing from the Geometry, Materials or Forces and moments dialogs to the
Results, Summary of results, Report, or Cracking dialogs causes a re-analysis of results.

Select the Window> Results menu item in order to find out more about the failed

In the Cross-sections and design combinations panel select section D_50 11 and

JoleleREREE BR 22 E -]

0.0 10 0o 1.1 0.0 oo 0o 0.0 1.7 0.0 43 0o 0.0 | 0.00 o8
o?| 0.0 | 170 | 311 | 164 | 316 | 00 0o 627 | 100 | 328 | 250 | 828 (1783 | 046 o7
of| 0.0 | 135 | 266 | 130 | 271 oo 0o 537 | 70 | 282 | 174 | 707 |1526 | 039 |af
dh| 0.0 o7 oo ik} oo oo oo oo 10 oo 25 oo 00 | 000 o
c4/180.5| 115 | 229 | 110 | 244 | 0O 00 |228.8 52 | 253 | 129 | 635 | 3177 | 0.94 |04
o3[179.5| 108 | 220 | 103 | 235 | 0O 00 (2220 | 46 | 244 | 11.3 | 610 | 307.4 | 0.91 |03
o2| 03 01 02 ili} (i} oo 0o o1 ili} (i} 06 | 13 | -1.2 | 000 a2
al|-14. 362 | -375 | 354 | 379 | 00 00 |-2243 | 357 | 335 | 917 |101.9|-3656| 115 |71
| -15. 361 | -387 [ 363 | 3971 | o0 00 |-232.8 365 | 40.7 | 937 |105.0|-378.5| 1.19 | a0

Slab stresses at Phase 2 (N/mm"2):
Total top stiess =203
Total bottom stress = 1.47
=> Section at the end of Phase 2 CRACKED [m.)

Slab stresses at Phase 3 (N/mm"2):
Total top stiess =8
Total bottom stiess = 5.03
=» Section at the end of Phase 3 CRACKED [m.)

=> El. check Phase 3 FAILED
etal= 1.186
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The normal stresses are very large in the bottom flange where they exceed fy. They are
also quite large in the top flange.

e Select the Plastic check tab to view the classification of the section.

Plastic check. | Stresses | Shear | Gieometic prapetties 0| Geametic propettes 1 | Geametic properties 2 | Domains Mot | Siuds. ULS, 5LS | SLS. Web Brealhing | Fatigue LS 1| Fatigue L5 2|

~ Dietermining Class and Flastic veriication at Stage 3 HLASTIC STRESSES (EFFECTIVE SECTIom
et | zplmm] | o w | Class [ ————— [—— 1
Web 10439 | 247 [088 |08 |4 —
Upper fiangs 1343 1
*
Laweer flange 1.75 4
Cross-section class 4 ]
=> Plastic verification NOT APPLICABLE
Aisl force N Biending moment M N Interaction
NEd 2735 | MEd 7.OSE+T | WEd 27345 6
NRd .0BE+8 | MRd B4+ | MEd 7.05E+7
MRd B.43E+7
WEdMAG | 0.002 | pEdMRAS | 0.836 | MEdMA | p.p3s
Phase 1: Upper flange class=1. Web class =4. Lower flangs class= 4

7. Optimize the structure

Associated Files

These are supplied in case of problems in manually creating the appropriate data.

. U Composite_Bridge Deck Optimized.csv - the input file for
H PontiEC4 with updated steel flange values for segments D and C.

0 Sections_rev1.vbs - A file created by PontiEC4 containing revised section
data to import into LUSAS.to update the geometric properties in the LUSAS
model.

For this example, optimizing the structure involves making changes to flange plate
thicknesses in the PontiEC4 Composite Deck Designer for those segments that failed
the design check, then using LUSAS to calculate revised forces and moments, and then
re-assessing the revised results and design checks in PontiECA4.

Revise selected flange thicknesses in PontiEC4:

Flange thicknesses will be increased on those segments that currently fail the check for
normal stresses at ULS.

e In PontiEC4, select the Window> Geometry menu item, and then select Segment D
in the segment treeview. The status bar should state : “Edit GEOMETRY of
Segment D”

¢ Increase the top flange thickness (ts) from 40 to 50
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e Increase the bottom flange thickness (ti) from 50 to 80

e Select the Window> Results menu item and view the updated results for Section
D_50 11. The flange thickness changes for Segment D now allow it to pass the
design check

Plastic check  Shesses |Sheal | Geametiic propetties 0 | Geometiic propeties 1 | Geometiic prapetties 2 | Domains MptH | Studs. ULS, SLS | SLS. Web Breathing | Fatigue LS 1] Fatigue LS 2|

" Stiesses of gross cross section  Stresses of effective cross section
dl P F2a | F2a F2b | F2b F2c | F2e | F2 F3s | F3a F3b | F3b | F3 stal | id
NF. F. N.F. [ NF. F. | tot NF. [ NF. F. | tet

oo 03 (i} 10 0o ili} (i} 00 15 0o 38 (i} 00 |000 a8
af| 0.0 154 | 274 | 149 [ 279 | 00 0.0 85.2 | 91 290 | 229 | 730 |157.2 | 0.40 |a7
af| 0.0 | 128 | 239 | 124 | 244 | 00 0.0 48.3 | 70 | 263 | 173 | B37 |137.3 | 0.39 |af
af| 0.0 o7 (i} a7 0o ili} (i} 00 10 0o 2B (i} 00 | 000 a5
ad|1496( 113 | 213 | 108 | 223 | 0O 00 (1937 | 57 | 232 | 140 | 531 | 2750 | 0.86 (a4
a3|1449| 106 | 210 | 102 | 214 | OO oo 1872 &1 222 | 125 | 557 | 2652 | 083 |a3
g 0.2 | 01 01 oo 0o 0o 0.0 0.1 oo 0o 05 | 1.0 | 1.0 | 0.00 (g2
al|-96.4 | -236 | 250 | 238 | -252 | 0O 00 |-1466 | -240 | -262 | 618 | 678 |-240.7 | 0.75 |al
al |10 | -247 | 264 | -248 | -266 | 00 00 |-156.8 | -243 | -278 | 641 | 718 |-256.5 | 0.80 (a0

Slab stiesses at Phase 2 [N/mm"2):
Tatal tap stiess =184
Tatal bottom stress =1.41
=5 Section at the end of Phase 2 CRACKED (m]

Slab stiesses at Phase 3 [N/mm"2):
Tatal op stiess = 7.22
Tatal bottom stress = 5.04
= Section at the end of Phase 3 CRACKED (m]

=> El. check Phase 3 PASSED
etal= 0862

segment treeview. The status bar should state : Edit GEOMETRY of Segment C

Increase the web thickness (tw) from 22 to 25

Increase the top flange thickness (ts) from 30 to 50

Increase the bottom flange thickness (ti) from 40 to 60

Select the Window> Geometry menu item, and then select Segment C in the

Select the Window> Results menu item and view the updated results for Section

C_46_11. The flange thickness changes for Segment C now allow it to pass the
design check.

Flastic check  Shesses |Sheal | Geometiic propetties 0 | Geometiic properties 1 | Geometic propetties 2 | Domains M | Studs. ULS, L5 | 5LS. Web Breathing | Fatigue L5 1| Fatigue L5 2 |

{7 Shesses of gross cross section ™ Shiesses of effsctive cross section
F2a |F2a | F2b [F2b | F2e | F2e |F2 F3a [Fia | F3b | Fb |F3

@i F I NE | F (NF | F [ NF | F | NF | F |[NF | F |w cal |
00 |06 |00 [ 10 [ oo [oo oo 0o |16 00|29 00| 0o [0o0as
a7 00 | 106 | 206 | 155 | 318 | 00 | 00 | 524 | 92 | 330 | 172 | 623 | 147.7 | 0.38 |a?
ab| 0.0 | B6 | 178 | 126 | 277 | 00 | 00 | 456 | 66 | 287 | 123 | 541 | 1283 | 0.33 |ab
as| 00 | 05 |00 |07 | oo |00 oo | oo |10 | oo |18 | 00 oo [ooo0as
0q|148.7| 75 | 163 | 108 | %2 | 00 | 00 [190.2] 51 |21 | 94 | 492 2655 | 0.83 |04
w3|1442| 70 | 156 | 101 | 241 | 00 | 00 [1839] 45 | 250 | a1 | 470 | 256.0 | 0.80 |a3
w2 03 | 01 | a1 | o0 |00 |00 |00 | 02 |00 |00 |05 41 1.0 | 000|a2
o1|-89.9 | 192 | 206 | 292 | -ma | 00 | 00 [418] 200 327 | 520 | 639 2385 | 0.75 |01
00| -95.3 | 198 | 214 | 301 | 327 | 00 | 00 [-149.4] 302 | 341 | 585 | 685 |-249.9 | 0.78 |00

Slab stiesses at Phase 2 [N/mm*2):
Tataltop stiess = 1.6
Tatal bottom stress =1.2

=> Section at the end of Phase 2: CRACKED (m.]

Slab stresses at Phase 3 [N/mm"2):
Tataltop shiess = .07
Tatal battom stress = 299
= Section at the end of Phase 3 CRACKED [m]

=> El. check Phase 3 PASSED
etal= 0.832

Select the Window> Summary of results menu item. Sort the SigEd/fy column.

It

can be seen that Segments D and C now both pass the check for normal stresses at
ULS, as shown below The stresses for other combinations are all satisfactory.

40



Optimize the structure

Fundamental ULS combination

-
St [ﬁ] Eemibiistin s | Lo | e S'ﬁyEd | VEdAVRd | MEAMIRd VEdAbwRd| VAMAMN | vEdAnPRd)

B_20_11 0239 |Fund ULS.Mmin |4 |1 073 |(882) |01 1.03 01 Noint |0.088
B_20_1 13262 |Fund ULS.Mmin |4 |1 072 |(874]  |0.02  |1.02 0102 |Hoint |0.088
D_50M 50434 |Fund ULS.Mmax |1 |3 (69 |0.862  |0.708  |0.82 0708 |0.898  |0.476
D_50M 50434 |Fund ULS.Vmax |1 |3 |(63] |0.843  |0.753  |0.79 0753 |0.896  |0.528
C_46_11 46441 |Fund ULS.Mmax |3 |3 |(59) |0.832  |0.508  |0.83 0508|0832 |0.317
D_501 49638 |Fund ULS.Mmax |1 |3 |(61)  |0.801 0616 |0.77 0616|0812 |0.369
E_21_11 21241 |Fund ULS.Mmin |4 |1 |0.67  |(798]  |0.048  |0.9 0.049  |Howmt |0.063
21 0261 |Fund ULS.Mmin |4 |1 |0.67 (795  0.0% 0.9 0.052  |Howt |0.063
FRERE 13240 |Fund ULS.Mmin |¢ |1 |0.66  |(785]  |0.428  |0.92 0434 |Howt |0.239

3 I n &n1 49 RIA Find 1115 Vmaw 1 1 1 581 nyr n 7“]' nra n sl Man ink ns?a ; ;I

e Select File> Save As to save the current PontiEC4 project data as

Composite_Bridge_Deck_Optimized.csv.

Export the revised geometric data to LUSAS

o Select the File> Export geometric properties to LUSAS menu item. Browse for
the destination directory and input a filename of Sections_Revl.vbs. Then select
(check) all the option boxes (apart from Export Phase 2c), and select the option
Assume slab width constant and use minimum value. Click OK to finish.

4‘ Export geometric properties to LUSAS

[ [=] E3

— File name

| C:ASYM paulb\D ocs'h anualshE kamplesiPontE C4\Sections_Rewl vbs

L]

— Options

v Export Phase 1

¥ Export Phase 2b
r Export Phase 2c
¥ Export Phase 3a, 3b
¥ Expart Cracked

¥ Distance middls plane of zlab - neutral axis

¥ Export Phase 2a
© Assume slab width corstant and use magimum valus

" Export segment as tapered

& Assume slab width corstant and use minimun valus
7 Assume slsb width constant and use average valus

" Assume slab width varisble

Calculate revised forces and moments in LUSAS

e In LUSAS, and with the Composite Bridge Deck.mdl file open, select File>
Script > Run Script and select the PontiEC4 script file Sections_Revl1.vbs to
import the optimized sections into the model. The new sections will overwrite the
geometric and material properties previously used.
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e Select the File> Save As menu item to save the model as
Composite_Bridge Deck Optimized.mdl and click Yes to close all open results
files.

e Press the Solve button ;l to compute all loadcases in all the analyses. After a
short wait the solving will be completed.

Export the revised force and moment data from LUSAS

This involves repeat the operations from Step 4 in this example. In summary, this
involves:

e In LUSAS, select those elements of interest at the start and end of each main girder
segment, and export the results for those elements by selecting the Bridge>
Composite Deck Designer> Export... menu item (they may still be selected).

e Ensure that Phase 3 is chosen, and when the Export Forces and Moments dialog
appears press the Open button to populate the dialog with previously saved entries
from the Export_Forces_to_PontiEC4.inp file that related to the loadcase
mapping and other settings.

e Then, on the same dialog, click the ellipsis button D to choose the folder and
name of the xlIs file that should be created (e.g.: Forces_and_moments_rev1.xls),
and press Save to return to the main dialog.

e Then, finally, click OK to create the revised XLS file for use in PontiEC4

Import revised forces and moments into PontEC4

e In PontiEC4, with the current data still loaded, select the File> Import
forces/moments menu item and load the file Forces_and_moments_revl1.xls that
was created by LUSAS.

Assess the revised results in PontiEC4

e Select the Window> Summary of results menu item.

e Sort the SigEd/fy column. It can be seen that values of SigEd/fy have changed
slightly from the values previously calculated in PontiEC4 that used the initial
forces and moments calculated by LUSAS, but values for all segments can be seen
to pass the check for normal stresses at ULS.
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Fundamental ULS combination

B
Section [ﬁ] Combination E‘ﬁﬁs Eﬁg MEd/MA Sif,fd % VEdARD | MEd/MERd WEdAbwRd| VAN | vEd/nPRd) ngﬁiﬂfl
D5 11 50434 |Fund ULS, Mmas |1 3 [171]  |0.945 0.73 09 073 0988|0487 0624
4611 46441 |Fund ULS, Mmax |3 3 [167)  |0933 0527 093 0527 0934 (0329 0624
050 11 50434 |Fund ULS, ¥max |1 2 |te9 |02 0.774 0.87 0.774 0984 |0.538 0.624
0501 49638 |Furd ULS, Mmax |1 3 |ten |oem 0.638 0.84 0.638 0.897 |0.38 0.624
B_20_11 20239 |Furd, ULS, Mmin |4 1 0.71 1.855) 0.083 1 0.083 Moint. [0.084 0.624
C_46_11 46441 |Furd, ULS, Vmax |3 3 [58)  |o.es2 0.696 0.8 0.696 0.895  [0.544 0.624
D_50_1 49638 |Furd ULS, Vmax |1 3 |64 |o.8s1 0.771 0.8 0.771 0.911  [0.539 0.624
B_201 19262 |Furd, ULS, Mmin |4 1 0.71 (.849) 0.085 0.99 0.085 Noint. [0.084 0.624
C_46_1 45.265 |Furd, ULS, Mmax |3 3|6 0.831 0.509 0.94 0.509 0.831  [0.308 0.624
5 I F ™ 11 21241 Fimd 1S krmin 4 1 nRR L7721 nn naa I nm? Mo ink nnRq nR74 5 had

Methods for graphing data and producing detailed results will now be explained.

Graphs

In PontiEC4, with the optimized data still loaded, select the Utilities> Graphs
menu item. (If the optimized data is no longer loaded open the file
Composite_Bridge _Deck_Optimized.csv to populate the dialogs)

From the first drop-down list choose ULS: Absolute utilization ratio Eta to plot
the following graph:

ULS: Absolute utilization ratio Eta

Eta

0.37 /
024 /
0.2

012

0 5.1 101 15.2 20.2 253 30.3 353 40.4 454 0.5
Hm)

From the first drop-down list choose ULS: Shear utilization ratio Eta3 to plot the
following graph:
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ULS: Shear utilization ratio Eta3
04

Eta3

n.aez

LLT.

0.83 /
0.56 s

0.43 _\ /

N R AN

i 51 10.1 152 202 253 303 353 404
X ()

Detailed results

e Select the Window> Results menu item.

454 a0.5

e In the Cross-sections and design combinations panel, select section E_30_11 and

Fund. ULS, Mmin.

e Select the Stresses tab to have a look at the elastic stresses on the gross section.

e Then, select the Plastic check tab. From this, all details about the classification and

plastic check are supplied, and it can be seen that for Stage 3,

part of the segment in the middle of the span, is in Class 1.

Plastic check |Sllassas| Shear | Geometric piopetties 0| Geometric pioperties 1| Geometric properties 2| Domains Mk | Studs. ULS. SLS | SLS. Web Breathing | Fatigus LS 1 | Fatigus LS 2 | s1e v

this section, that is

1~ Determining Class and Plastic verification at Stage 3 PLASTIC STRESSES

ot | zplem) | @ v | Class [

wieh 14666 | 2686 001 18 1 { ;

Upper flange a7

1
Lowet flange 1082 1
1

Cioss-section class

=> Plastic verification APPLICABLE (+)

Aiial foice M Bending moment i N-M Interaction

NEd H.29E+6 | MED -404E+7 | MED H.29E+6

NRd B19E+7 | MRd -71E+7 | MEd -4.04E47

MRd BO2E+T
NEdNRd | 0101 | MEgmpg | 0524 | MEAMR | 504

=> Plastic check PASSED

Phase 1: Upper flange class= 3. Web class =4, Lower flange class=1

Note. At the bottom-left of the Plastic check page the section classification is also
provided for Phase 1, where the top (upper) flange cannot be considered to be
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restrained by the slab. For this case, the section is in Class 4 as highlighted in the red
message. For this situation a check of stresses in Phase 1 should be performed, using an
effective section rather than a gross section.

To check stresses on the effective section in Phase1

Select the Window> Geometry menu item.

On the Geometry dialog, double-click on Segment E in the segment treeview to
change from Edit mode to Input mode. The status bar should state: “Input
GEOMETRY”

In the Segment name field in the top-left of the dialog page (and not in the segment
treeview panel) change the segment name from E to E_Phasel, then click outside
of the text box to be sure that the new name is saved.

Right-click inside the Sections text box and select Data grid input

Select all rows except for the one with 30_11 in it (use the Ctrl key for a multiple
selection of rows), open the context menu with the right-hand click of the mouse,
and select Remove rows to leave just 30_11 remaining. Click OK.

In the Structural steel panel uncheck the option Top Flange in Class 1
In the Slab concrete panel input O in each of the bcls, b1 and bsx text boxes

Click the Add to list button beneath the Segment
treeview to add the new segment to the list of other
segments in the segment treeview, as shown right.

Select the Window> Forces and moments menu
item.

On the Results dialog, select ULS fund., Mmin in
the dropdown list seen in the Cross-sections and
design combinations panel in the top-left corner.

-

Copy the four cells of forces and moment data for Phase 1 from section E_30_11,
(click No to not copy the header text) and paste the copied data into the equivalent
cells for section E_Phasel 30 11, as shown on the following images.
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[JLS fund.. Mrmin

=~

PHASE 1. Selfweights

Section t M) WM P (M) T (M)
E_21_1M JEEVE+004 | 2. 269E+005 |-1.218E+007 | 2.143E+001
E_301 JEEYE+004 | 9. 224E+005 | -7 583E+00E | -1.085E+002
E_30 11 9.349E +005 3E+00E | -1.095E+002
D_471 2712E+004 |1.F10E+006 | 1.431E+007
D_47 1N 2712E+004 [1.733E+006 |1.6VEE+O0OV |-2.0 Paste
LILS fund.. Mmin |
PHASE 1. Seltweights
Section M [M] W[N] b [Mm) T [Mrm)
D_47 1 2T12E+004 (1. 710E+006 (1. 4NE+007 | -2.042E+002
D_47_ 1M 2T12E+004 [ 1.733E+006 |1.676E+007 |-2.042E+002
D_A0 1 2712E+004 | 1.905E+006 |1.995E+007 |-1.862E+002
D_&0_M 2712E+004 [ 1.319E+006 | 2163E+007 |-1.862E+002
S EECY IR VIR = C57E-+004 | 9. 349E +005 -1.085E+002

PHASE 2A. Permanent loads (non-structural b

| M [Nm)

Section | MM [ W ]
[

mamar Ame e aanm ans

e Select the Window> Results menu item

structural section

4 AFEE Ao

Select Section E_Phasel 30 11 and Fund. ULS, Mmin from the Cross-sections
and design combinations panel.

Select the Plastic check tab to see a coherent classification with an only steel
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Optimize the structure

Plastic check |5lresses| Shear | Geometic properties 0| Geometic propetties 1 | Geametric properies 2 | Domains Mpk | Studs, ULS, SLS | SLS. Web Brealhing | Faligue L5 1| Fatigue L5 2| st4[ *

Detemining Class and Plastic verfication al Stage 3 ELASTIC STRESSES [EFFECTIVE SECTION
ot | zplom) | @ w | Class
ek 14556 | 421 086|053 |4
Upper flange a7 3 =T
Lower flange 1082 1
Cross-section class 4
=> Plastic verification NOT APPLICABLE O]
Bl force Bending mament M N Interaction |
NEd IBEE+4 | MEQ BESE+5 | MES IEEE+4
NRd 35T | MRd -3E5E+7 | MED 56546
HRd BEEEST RN S——
NEd/MRd | 0-00T | MEdmRd | 0182 | MEAMR | 0182
+)
Phase 1: Upper flange class= 3, Wb class =4, Lower flangs olass= 1

o Lastly, select the Stresses tab to see the stresses calculated on an effective section

Plastic check Stresses | Shear | Geometic propetties 0| Geometiic properties 1 | Geometiic propeties 2 | Domains Mk | Studs. ULS, SLS | 5LS. Web Breathing | Fatigue LS 1 | Fatigue LS 2 |

4 Shiesses of gioss oross section & Stresses of effective cross section

Slab stresses at Phase 2 (N/mm"2):
4l F P2 P2 | Fb b P2 P2 |R2 Fla | F3a | F3b |F3b |F3
F F

NF NE | F | WF w  |MFF | WF | F |wm | ot Total top siress =10

Total bottom stress = 0

=> Section at the end of Phase 20 CRACKED [ m.]

0.0 oo 0o 0o 0.0 oo 0o 0.0 0o 0.0 oo 0o 0.0 | 000 o8
a?| 0.0 oo 0o ili} (i} oo 0o 0o ili} (i} oo 0o 00 | 000 o7
of| 0.0 oo 0o ili} (i} oo 0o 0o ili} (i} oo 0o 00 | 000 o6
ch| 0.0 oo oo oo 0.0 oo oo 0.0 oo 0.0 oo oo 0.0 | 0.00 o5&
c4|-93.4 | 00 0o 0o 0.0 oo 0o | -93.4 | 00 0.0 oo 00 | -93.4 | 0.28 |04
o3-91.9 | 00 0o ili} (i} oo 0o | -91.9 | 00 (i} oo 00 | -91.8 | 027 |o3
o2| 0.3 oo 0o ili} (i} oo 0o 03 ili} (i} oo 0o 03 | 000 o2
sl 432 | o0 oo oo 0.0 oo oo 43.2 | 00 0.0 oo oo 43.2 | 014 |01

50| 458 00 | 00 |00 |00 | oo | oo [468 | 00 00 | oo | oo | 458 018 |00 = [ElL @il [Feen &) FEEEED
etal= 0.276

Slab stresses at Phase 3 (N/mm"2):

Total top stiess =0

Total bottom stress = 0

=> Section at the end of Phase 3: CRACKED [ m.]

This completes the example.
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Assessment of a Composite Bridge Deck to Eurocodes
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