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1 Premise

The present report contains the description of the results obtained within the EC2 project sponsored
by BIBM (Federation of the European Precast Concrete Industry) following the call “Evolution of
design provisions for precast concrete - Call for external technical expertise”. DLC Consulting s.r.1.
was selected for this activity.

Eurocode 2 — “EN 1992-1-1 (2004) Design of concrete structures - Part 1-1: General rules and rules
for buildings” is the current version of the technical rules for the design of reinforced and
prestressed concrete structures; EN 1992-1-2 includes the fire design for the same concrete
structures. These standards are presently under revision (CEN Formal Vote stage) and, if approved,
will replace the 2004 versions in the years to come (at latest in 2028) and become the new version.

The work was developed following, in addition to the current Eurocode standards under validity,
the current drafts of the new documents, namely:

- FprEN1992-1-1:2022
- FprEN1992-1-2:2022

The drafts of the new versions, supplied by BIBM, include major changes compared to the current,
and the interpretation of the impact of these modifications over the design of precast elements is
difficult due to their large quantity, to be analysed as a whole rather than as single contributions.
Within this project, selected structural elements representative of the European precast concrete
industry for commercial/residential buildings were designed in detail following both current and
draft new versions of the Eurocode 2 documents, considering an integrated structural design.

It is to be reminded that the activity concerns structural design, which is not an exact science. Many
variables contribute to the achievement of the required performances, and what presented in this
report is the result of reasonable and recurrent choices made by a team of experts in the field of
design and research of precast concrete structures. Nevertheless, different arrangements could have
fulfilled the same performance requests, so it is assumed that a certain subjectivity of the results is
to be expected.

This report contains a detailed description of the structural calculations and results of the structural
design of the selected members. Excerpts from the original calculation spreadsheets are given for
the best clarity in the design procedure adopted. All deviations encountered during the design
process are listed in the document.

Moreover, shop drawings made with 3D software are provided in order to transfer more efficiently
to the reader the structural arrangement of the members, including detailed views of their assembled
reinforcing cages.

The environmental impact in terms of the recent trends of decarbonisation, material efficiency and
circular economy is evaluated on the basis of the detailed quantities of materials employed in the
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analysed elements and of Environmental Product Declarations (EPDs) deemed to be representative
of the European production.

Brief notes concerning how to read the plotted instructions of the software Mathcad15:
:= definition of a function or a value

= calculation or recall of a value

= is a Boolean condition (imposition of equality) necessary to set solver instructions

Extension strain and tension stress/load have positive sign “ + ”’; shrinkage strain and compression
stress/load have negative sign - .

Operations are always done top to bottom (no external routines are employed) -> all members of an
equation need to be defined prior to the writing of the equation itself.

10
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2 Case study building and numerical modelling

The case study building was assigned by the team of experts of BIBM. It consists of a 5-storey
building above the ground only, with rectangular plan having a central rectangular court and two
distribution cores (stairs, lifts, and MEP system main distribution) along the shorter court sides. The
total covered area is about 15000 m?.

Pictures of the provided drawings are collected in the following:

s m m T}

From the structural point of view, the building can be classified as a frame system braced by wall
cores. The floors are assumed to be made with different technologies:

1** floor: adjacent precast hollowcore members

2" floor: adjacent precast hollowcore members

3" floor: precast lattice girders completed with additional reinforcement and cast-in-situ
concrete pouring

4™ floor: adjacent precast TT members

11
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- 5" floor: adjacent hollowcore members

A sketch of the structural model showing the different typologies of floor is presented in the next
figure:

»—.'_.’,[_ 2

The floor elements are supported by L-shaped and inverted-T beams in the edge and centre of the
slab, respectively. Following the assumed structural scheme, it is logical to assume that beams are
protruding from the soffit, and floor members are supported over the beam corbels.

A numerical model was developed with the finite element software Straus7 (Strand7), release 2.4.6.,
with the aim to find out the actions on the different elements. Indeed, being all horizontal members
simply supported (floor elements over beam corbels, and beam elements over column corbels), the
model is not necessary for the determination of the action in the horizontal members, but rather on
the vertical columns, which form part of the lateral load resisting system of the building. It is
specified that the diaphragmatic action actually insists on the horizontal elements, since a reinforced
concrete topping is not present at any storey, and therefore the horizontal loads are conveyed to the
bracing cores through the horizontal members and their connections. These connections were
included in the structural model as simplified elastic springs, with assigned stiffness from

12
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experimental tests of typical dowel or angle connections. The results showed that the out-of-plane
bending and shear acting on the horizontal members, as well as the actions on the connections, are
so low that they can be considered negligible (horizontal load from wind only is taken into account,
neglecting seismic action).

Nevertheless, the numerical model was used not only to derive the combination of actions on the
members, but also to compute the proper restraint coefficient for the effective shear span used for
the checks on the column elements including 2" order effects.

A preliminary proportioning, carried out with the aim to identify the structural own dead weight to
be inserted in the numerical model, gave as a result the cross-sections shown in the following:
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To be noted that the above cross-sections were confirmed after detailed analysis, apart from inner
lightening pipes that were discretely installed in the column elements to save concrete volume, and
from the depth and width of the partially precast lattice slab element, which were unified with
respect to the depth of the TT element to 330 mm and 2400 mm, respectively.

The structural materials considered are the following:

- Concrete C45/55 for all precast concrete cast (except columns)

- Concrete C80/95 for precast columns

- Concrete C25/30 for all cast-in-situ concrete™

- Steel BS00C for reinforcing bars with diameter equal or larger than ®16 mm
- Steel B400A for reinforcing bars with diameter smaller than ®16 mm

- Steel Y1860 for prestressing tendons**

* completion cast-in-situ concrete is cast below the precast foundation footing, over the lattice
girder plank, and inside selected core ends in the hollowcore elements.

** only 7w 0.5” tendons are employed, having a cross-sectional area of 93 mm?.

Images of the numerical model are shown in the following. All structural members are modelled
with elastic beam elements, including the cores, which are simplistically modelled as squat beam
elements, also since they are not object of detailed calculation. All columns are assumed to be

13
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perfectly clamped to the ground. Stiff horizontal cantilever beam elements simulate the physical
presence of the beam-supporting corbels. All horizontal members are perfectly hinged along the
vertical displacement direction. In particular, a rotation restraint release was applied to all beams
and floor elements. The presence of a well-distanced couple of support floor-to-beam connections is
included in the model in terms of a saddle made at each end of the floor element and connected to
the beam element nodes through rigid links. Zero-length elastic spring elements (“‘connection”
elements in the software) were applied inside the saddle structure to model the presence of the
connections, with stiffness values considered following experimental tests on the most typical
connection typologies, including dowel and external angles.

G RZAG [Liendsd toi LT Coesulting =1 - HILAND]
Maws flia: T ALsersiFancesen\DorumentsiTIentiol \A003 R ek 047
10 agusin 2023 603 pm
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-

The loads are introduced with different strategies:

The structural dead selfweight of the modelled elements is introduced by explicitly
attributing the density of reinforced concrete (2500 kg/m?) to the beam elements;

The non-structural dead loads are introduced with plate load patch elements to which a mass
of 200 kg/m? is introduced to account for both technical layers and distributed lightweight
partition walls;

The mass of cladding walls is taken into account in the model in the form of distributed
mass applied to the edge beam elements (350 kg/m);

Live loads are assigned to the plate load patch elements (300 kg/m?) in alternative positions,
in order to model possible unbalanced live load distributions;

Horizontal wind is applied as vertical plate load patch elements to which a distributed load
of 50 kg/m? is applied;

Fire load is taken into account considering an exposure of 60 minutes to nominal standard
ISO 834 fire curve.

The considered environmental class is XC1, except for foundations, where it is XC2.

---------------------------------

2123 IEM bekain 7.7
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Among the modelled elements, according to the aim of the projects, only selected main elements
were designed in detail. These elements were selected according to the most stressed (floor member
with longer span, beam with larger influence area, central column and its foundation).

They are the following seven:

- Precast TT floor element

- Precast hollowcore floor element with end partial concrete filling
- Partially precast lattice girder floor element

- Precast prestressed central inverted-T beam

- Precast non-prestressed central inverted T-beam

- Precast central column

- Partially precast foundation footing

The selected elements are indicated in the following figure:

17
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Selected beam element
grossspanB8.1m —_

Selected floor element‘
gross span 9.45m

i 4 el b 1 v Selected column element
e ' full height
and foundation below

The following table contains the bill of materials modelled.

The total modelled mass is about 8500 tons.

Model: telaio 0

Bill of materials

Selected groups:
Miode!
Modeffondaziona
Mocel] solsin
Modell] vano scda
Mocel2 sobio
Modeli2 vano scaa
Mocehd solio
Modeld vano scaa
Modalld solak
Modeld varc scda
Mocels sobio
ModehS vano scala
Included mass:
Structural Mass
Mass Wolume Length Area Count  Material  Type Section
kg m? m m

Grand totak: BHI2556,521 3441023 9455,500 15075,000
Beam properties
1: Column 675000,000 270,000 1080,000 380 Beam Schd Rectangle
2: Bracket 227500.000 51,00 364,000 845 Beam Solbd fectangle
3: L-Shaped Seam 512550,000 205,020 603,000 a3s Beam Angle
4: Stoir Core 2098000,000 439,200 36,000 12 Beam Holow Rectangle
5: Fictitious Column 0,000 13,125 210,000 60 Beam ol Rectargle
6: Rciitious Baam 0,000 34,875 558,000 160 Beam Scld Bectangle
7: Inwerted-T Beam 1171850,000 468,780 1202000 1425 Beam T-5ection
8: TT Slab Hlement 720879,013 288,352 897,200 431 Beam User Saction
% Sab-to-Beam Connection 0,000 0,000 288,500 2885 Comnection

Izb-to-Fab Cormection 0,000 0,000 13,000 1320 Connectin

oliow Core Shab Element 2231717,508 912607 2991,500 1256 Beam Lser Section
12: Sdlid Slsb 1734360,000 717,884 297,200 4m Beam Sold Rectangle
Tatal B452556,521 3441,023 9450,500 10062
Flate properties:
1= sclsio 0,000 0,000 11380, 500 770 Load Patch
2: vano scala 0,000 0,000 1134,000 0 Load Patch

SURAT R24.0 (Lot BADEC Comating =1 MALANG]
M o P s e B AT LS TN i, 1132
18agemn W k0l pe
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3: facciata 0,000 0,000 2551,500 %0 Laad Patch
Tokal 0,000 0,000 15075,000 BEG
Centre of mass
Mass M} M) oMz}
L] m m m
fondarions 49230,000 36,450 22,950 0,250
Modal 0,000
1 vare scala 213500,000 36,450 22,950 1,750
1 solaio 1274232 503 36,532 23,950 3,220
2 varo senla 213504,000 36,450 22,950 5,250
2 salain 1274222 503 36,532 23,950 £,620
3 vano acala 213504,000 38A50 22,050 8,750
3 solain 2308610,000 36,555 22,350 10,401
4 vano ocala 213500000 36450 22,950 12,250
4 solain 1234529013 36,530 22,950 13,814
5 vano scala 213500000 36,450 22,950 15,750
5 solaio 1274222503 36,532 22,950 17,320
Totzl: 2482556,521 36,527 2,850 10,086
Local inertia
box Iyy Izz. L=y Iyz Izx
kg ¥ kg * kgm?  kgm?  kgm? kg.m ?
fondazionz 5379679167 20837071657 35209658,750 o000 D000 0000
Model 0,000 0,000 0,000 0,000 0,000 0,000
1 vano acala 217047,017 137417851 667 137109903,750 G000 0,000 0000
1 solain 321419141,307 663742114212 D847 2186,669 0,000 0,000 18721122
2 vano scals 217947,917 137417851667 1371999G3,750 0,000 0,000 0,000
2 sohaio 3Z1419141,907 663742114212 504172185,669 Doco D000 18721102
3 vans scala 217947,917 137417851667 137199203,750 0,000 0,000 0,002
3 sobio SEOS01460,266 1231153689448 1790328578, 707 o,oon 0,000 24335,00%
4 vano scals 217947 917 137417851 667 137199903,750 0,000 0,000 2,000
4 golaio 312232467,617 641967637809 953213718,3%6 D000 0,000 LEILAE07
5 yare scala 217947,917 137417851,667 137199203,750 o000 0,000 0,000
5 colain 311419141,907 663742114212 SE4172166,669 0.000 0,000 18721,122
Toknl: 2033070242,017 A7T05E7121,626 641787 7146,605 o000 0,000 265620,332
SURAET 24,5 [Leancad 190 Consuting o1 - PILAND]
Macdel fe: C\Lsars Francascs\ Do mints\ et Dic\ 123 [EEMjulein 0547
1hagomn T G:0L pm
3: facciata 0,000 9,000 2551, 500 0 Load Fatch
Tatal 0,000 0,000 15075, 000 B0
Centre of mass
Mass oMx) cH(Y) cM(Z)
ko m m m
fondagione 49250,000 36,450 22,550 -g,250
Mocal 8,000
1 vano scalz 213500,000 36,450 22,350 1,750
1 solaio 1274273503 36,532 22,350 3,320
2 vatwo scala 213500,000 36,450 22,350 5,250
2 soksio 1274222,503 36,532 22,350 6,820
3 vano scals 213500,000 36,450 22,950 8,750
3 solain 2308610,000 36,556 22,950 10,401
4 vano scala 213500,000 36,450 22,350 12,250
4 schaio 1234529,013 36,530 22,350 13,614
5 vano scala 213500,000 36,450 22,350 18,750
5 sobain 1274272,503 36,532 22,950 17,320
Tatzl: B482556,521 36,527 22,350 10,066
Local inertia
Inx Iyy Izz Ixy Iyz Ix
kg.m = kgan = kgun o kg.m - kg.m l kgan 4
fondazione 5379670,167 208312071,667 35200508, 750 0,000 0,000 0,000
Mnded 0,000 0,000 0,000 0,000 0,000 0,000
1 vano scala 217947,917 137417851,667 137199903,750 0,000 0,000 0,000
L schaio 321419141507 663742114,212 984172186,665 0,000 0,000 1@721,122
2 vane scala 217947,917 137417851,667 137109903,750 0,000 0,000 0,000
2 solaic 321419141,907 GE3742114,212 234172186,669 0,000 0,000 18721,122
3 vano scala Z17947,917 137417851,667 137199903,750 0,000 0,000 0,000
3 sclalo S60B01460,266 1231153689418 1790928978, 707 0,000 0,000 29386,009
4 vano scala 217947,917 137917851,667 137199903,750 0,000 0,080 0,000
4 scfaio 312232487617 B41967637, 804 953213718,396 0,000 0,080 18314607
5 vano scala 217947517 137417831,667 137199903,750 0,000 0,000 0,000
3 scéaio 521419141,907 6637421149,212 98-4172186,669 0,000 0,000 18721122
Tatal; 2033070242,017 4770587121,626 GHL7877146,685 0,000 0,000 265520,332

Straus? P24, [Liceiced t0/DLC Consubing sl - MILARG]

Mnued fite-
19 aQusEy 3073 8291 pm
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2.1 Linear elastic analysis
Linear elastic and buckling analyses are carried out.
The linear elastic analysis outcome form is shown in the following.

The load combinations employed are also shown in the following, together with the resulting
diagrams of the main actions on the members:

- Bending moment and shear distribution on floor elements along the vertical direction,;
- Bending moment and shear distribution on beam elements along the vertical direction;
- Axial forces in the columns.

20
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Linear Static Load Case Combinations

CASES 1
SLS QP

1= Sructural Self-Welght [Fresdom Case 1] 1,0
2: Facade Clackding [Frestom Casa 1] LD
3= Mo Srictural Desd Lasd [Froedom Case .. LD
4 Live Load Digriution 1 [Freedom Case 1] 0.3
5- Lives Lesadd Distrituion 2 [Freedom Cawe 1] 0,3
62 Wirel Yt [Freedom Case 1] o0
CASES 2

SLS Rare Nmax

1: Sructural Se-Weight [Fresdom Case 1] Lo
2= Fagade Cadding [Fresdom Case 1] Lo
3= Mon-Structural Dead Load [Freedom Case . 1D
4z Ehe Load Distritution I [Freedom Case 17 1.0
52 Lhvie Lisa® Distriintion 2 [Fresdom Cage 1] 10
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MIN MAX
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FRECAST SYITEM

MIN Max
BM1kN.m) -16 356
[Em:4488] [Bm:7596]
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MIN MAX
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2.2 Buckling analysis

The results of the linear buckling analysis are instrumental to describe a proper shear span length of
the column element considered as a whole. This information is crucial for the application of the
model column (curvature-based) calculation method as included in both EN1992-1-1:2004 and
FprEN1992-1-1:2022.

The first buckling mode is associated — as expected — to the buckling of the central part of the long
sides of the building, which is the most distanced from the bracing cores.

The first buckling shape, shown in the following image, is associated with the column deformation,
accompanied by the deformation of the diaphragm.

The load multiplier associated with the elastic buckling main mode is equal to 18.5. This high
value, although referred to an unproper elastic buckling of reinforced concrete members, suggests
that the influence of 2" order effects in the considered structural arrangement is limited.
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3 Material constitutive laws

This chapter describes the material constitutive laws of different classes and grades of concrete and
steel materials employed in the project.

In particular, three types of concrete were used: C25/30 (cast-in-situ); C45/55 (precast); C80/95
(column HPC).

Moreover, three grades of steel were employed: prestressing steel (Y 1860), mild reinforcing steel
B500C for bar diameter equal or larger than ®16, and mild reinforcement steel BSO0A for bar
diameter lower than ®16.

Concerning the material partial safety coefficients, for both standards, reduced coefficients (yc,red =
1.40 and ysreq = Pprea = 1.10) were adopted in the analysis when precast concrete production is
envisaged. Materials involving cast-in-situ concrete production and in-situ caging were dealt with
standard partial safety coefficients (y. = 1.50 and ys = y, = 1.15).

Specific comments about deviations from EN1992-1-1:2004 to FprEN1992-1-1:2022 are collected
in the dedicated chapter at the end of the document.
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3.1 Concrete constitutive law following EN1992-1-1:2004

The general calculation procedure is shown for concrete class C80/95, but after it the application to
C45/55 and C25/30 is also shown.

Concrete (§3.1)

Rek = -95 MPa cubic characteristic compressive resistance
fck = -80 MPa cylindric characteristic compressive resistance
fcm = fck - 8§ = -88 MPa mean cylindric compressive resistance
Ne=15 material safety coefficient for concrete

~cpered = 1.4 due to fulfillment of the conditions in A 2.1
S— 6, = ~epered = 14

Cylindrical design strength:

OCC

~cpered

fed = fck-

fed = -57.143 MPa design cylindric compressive resistance

1
£cl = max ~0.0028,~0.001-0.7 (~fem) > | = 28 x 107>

(98 + fom -3
oul = if fek < —50,-0.001{28 + 27| — ) ~0.0035| = —2.803 x 10

\

£c2 = &‘[fck < -50.-0.001-[2.0 + 0.085-(—fck — 50)0'5’].-0.002] =-2516x 10~ strain defining constitutive law

4 -
gcul = F{ifck < —50.—0.001-[2‘6 + 35-[%} }.—0.003{' =-2603x10 °

-

gcl = if{fck < -50.-—0.001A|:1.75 - 0.55-@].-&0{)175} =-2163x10 °

-

- - =
gcud =¢ecu2 =-2603x 10

—fem
10

4
n= if[fck <-50.14 + 23.4{%] .1.4] = 1402

03
Ecm = 22000-{ ] =424 x 104 MPa Ec =Eem  Young (elastic) modulus
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CONSTITUTIVE LAW OF CONCRETE IN COMPRESSION
Non linear EN1992-1-1:2004

e T E0 TS o A
fem

-

1+ (k- 2)-{%}

ac_nlsa(e) = if| € > ecul .fem-

Ff[(€ > 0).0.0]

Parabola-rectangle

-

oc_pr(€) = H{E > Ec2.fcd-[l - !(l - E—)i|.if[(.€ > Ecxﬂ).fcd.ﬂ]jl
\ ec2

Triangle-rectangle
; el
oc_tr(€) = f|:€ > Ec3.;-s Af[(e > ecul). fed ‘0]:|
C

Stress block

\ = if| fek <-45.0.3-5ick__§92
400

.0.8:] = 0.725

n = ifi:fck <451~ _(i‘:%.;_j")_l] =085

oe_sb(e) = if[e > (1 - N)-€c3.0.#[(g > ecu3d) . n-fed.0]]
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CONSTITUTIVE LAW OF CONCRETE IN TENSION

Linear elastic

wa | ko

fetm = if| fck < —50.2.12-&{1 - i—a;]-o.s-(—fck) = 4839 MPa mean tension strength

o cct=1145x 10
Ecm

oct(e) = (0 < € < ect.Ecm-€ .0)
fctk = 0.7-fctm = 3.387 MPa characteristic tension strength
act = 1

fetk : ;
fetd = act— =2419  MPa design tension strength

~NC
i o fetd

Pt 2 Eem

oct_pr(e) = if(0 £ &€ < ect_pr.Ecm-€ .0)
Linear elastic with softening

ac_traz_soft(g) = fctm- :

€
— -1
Ect
1+
gct + 0.00005 1
Ect

NOTE: post-peak formulation taken from Model Code needed for convergence easiness
octs(e) = 1f(0 £ € < ect.Ecm-¢ .if (g > ect.oc_traz_soft(c).0))

ge nlsafe) = if(€ < 0.0c_nlsa(e) .octs(€))

gc. pr(e) = if(e < 0.0c_pr(e).octs(€))

g tr(€) = if (€ < 0.0c_tr(e).0)
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Constitutive Law - Concrete Class C80/95
5

-3
oc_nlsa(ec} 15

oc_pr(ec) ~ 25

oc_tr(ec) ~

oc_sb(ec) _ 55
Ecmec -65
-75
-85
-95
—4x107 1 3.45x10722.0x1022.35%102 1.8x102 1.25x1072 7x107*- 1.5x107* 4x107*
€c
Constitutive Law - Concrete Class C45/55
5
=1 -
oc_nlsa(ec) -7

oc_pr(ec) ~ 13

ac_tr(ec) N 19

—— -2

ac_sb(ec) _ 34

Ecmec -37
-43
-49
-55
- 4x10" 2 3.45%1022.0x1022.35x102 1.8x10-2 1.25%1072 7x10™ - 1.5x10™ ¢ 4x10™*
EC
Constitutive Law - Concrete Class C25/30
5
1
oc_nlsa(ec) -3 f '
oc_pr(ec) ~ 7 |
oc_tr(ec) E E _
ac_sb(ec) _ ¢ e
Ecmec -23
-7
-31
-35 -
~4x10" 2 3.45x1022.9x1022.35%102 1.8x102 1.25%1072 7x107*- 1.5x107* 4x107*

EC
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3.2 Concrete constitutive law following FprEN1992-1-1:2022

The general calculation procedure is shown for concrete class C80/95, but at the end also the
application to C45/55 and C25/30 is given.

Concrete (§5.1.6 + §8.1.2)

Rek = -95 MPa cubic characteristic compressive resistance
fck = -80 MPa cylindric characteristic compressive resistance
fem = fck — 8§ = —88 MPa mean cylindric compressive resistance
~e=15 material safety coefficient for concrete

aS=14 due to fulfillment of case (a) in table A.1 (NDP) and AVCP 2+

kte =1

Cylindrical design strength:

fed = 11::t:-f::k-E fed = —45.354 MPa  design cylindric compressive resistance
~e
1
€cl = max ~0.0028,-0.001-0.7 (~fem)° | = ~2 P
Ecul:=mn{—0.001{’$+l-& l+— } ]——2816x10 :
strain defining constitutive law
€c2 := -0.002
gcu = —0.0035
2
Ecm = 9500-(-fem)> = 4226x 10°  MPa Young (elastic) modulus

CONSTITUTIVE LAW OF CONCRETE IN COMPRESSION

Non linear EN1992-1-1:2004

gcl

k = 1.05Eem-— = 1412
fem
|
(e € )
“‘Lm)"( :J
oc_nlsa(e) = if| ¢ > ecul.fem ' } Af[(€ > 0).0.0]
1+ (k - 2)-| i]
II\:Cl
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Parabola-rectangle

)

oc_pr(e) = ifI:e > scz.fcd-[l < [1 . E—)
gc2

j'.if[(s > Ecu).fcd.O]J

Stress block
ac_sb(e) = if[e > (1 - 0.8)-£c2.0.if[(¢ > €cu).fed ,0]]
CONSTITUTIVE LAW OF CONCRETE IN TENSION

Linear elastic

| b2

fotm = if| fck < ~50,1.1-(fck) > ,0.3-(~fck)

(V2]

} =474 MPa mean tension strength

fetm
Ect = a =

get=112x 10

act(e) =1f(0 <€ < €ct.Ecm-£.0)

fetk = 0.7-fctm
characteristic tension strength
ktt = 0.8
fetk - 0
fctd = ktt— = 1896  MPa design tension strength
~cC

fctd =5
Ect pr=—— =4487x 10
_pr -

oct_pr(€) =if(0 £ € < ect_pr.Ecm-€.,0)

Linear elastic with softening

1
oc_traz_soft(e) = fetm: 5
&
gct
1+
gct + 0.00005 1
gEct

NOTE: post-peak formulation taken from Model Code needed for convergence easiness

octs(g) = if(0 € € < ect.Ecm-€ .if (€ > ect.oc_traz_soft(c).0))

ge nlsafe) = if (e < 0.0c_nlsa(e).octs(e))
ge pr(e) = if(€ < 0,0c_pr(€), octs(€))
ge. sb(e) = if(e < 0.0c_sb(e).0)

34




dlc consulting
FRECAST SYITEMS DESIGN AND TECHNOLOGY

BIBM EC2 project - calculation report

EFFECT OF CONFINEMENT REINFORCEMENT - EXAMPLE OF APPLICATION FOR

STANDARD COLUMNS

Dlower =16 mm

ddg = if|:-fck > 60,16 + Dlower‘i(iJ 16 + Dlower] =25

ddg = min(ddg.40) = 25

-
-

As_conf = Tt-£
._‘
s = 200 mm
A
fywd = @ = 454.545
11
bes = 400 - 50
T IT o Lol WEVRDI)
s-bes
ﬂ'[ : : ]
Afed = if| oc2d > 06—fed ,35-0c2d - (fed) ? 4.0c2d| = 408
Afed
- ~d = 0.09
= e (™
keonf b = 1{51 = 0255
3 L 400
/ s \2 .
kconf s = Ll - J = 0.51 1- =0.714
2-bes s
fcd_c = fcd - kconf b-kconf s-Afcd = —45.886 £
edc 1o
. 3 fed
g2 c= ec2{l =% Mcd) =-29x107° e o
fed e 1.45
- €c2
- i S =
Ecu_c=¢ccu+ 02 R 7.998 x 10 gcuc _ 3385
€cu
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Constitutive Law - Concrete Class C3093

oc_shigc) —

Eemee £

TRt — 63
—-75
-85
—95

— 4107 345102 20x1072 2 35x 1072 1.8% 1072 1.25%107 2 71074 15107 ax107H

5
=1

=
S |

oc_nlsa(ge) 45

oc prise) — 19
oc_shiec) — 2
i |
Ecm-gc -
—43
— 48
—33

EC

Constituttve Law - Concrete Class C43/55

410 3.85x1072 29x1073 2 35x 1072 1.8x 1072 125107 71074 15107 4107 ?
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Constitutive Law - Concrete Class C23/30

oc nlsa(ze)

;
1
|

oc priec) —11

oc_sb{sc) 13
s —19

Ecm-zc
—_ - 23

o I |

-3t
- 33 -

— 41071 345102 201077 2. 351072 1851072 1251072 7107 15107 4107t

EC

3.3 Steel constitutive law following EN1992-1-1:2004

The general calculation procedure is shown for steel grade B5S00C, but at the end also the
application to mild steel BSOOA and prestressing steel Y1860 is given.
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Rebar steel BS00C (3.2)

Mild reinforcement bar steel

~s = 1.15 Initial safety coefficient of mild steel
e o5,=~yspered = 1.1 reduced safety coefficient of steel
fsk = 500 MPa characteristic axial yield strength of mild steel
fsd = = 454 545 MPa design axial yield strength of mild steel
~spered
fouk = fk-1.15 = 575 MPa characteristic axial ultimate strength of mild steel
Bait i fsuk s277 MPa design axial ultimate strength of mild steel
~yspered
Es := 200000 MPa Young (elastic) modulus
Es_y = f;—d €s_y= 227273 x 10”3 yield strain
S
euk = 0.075 strain at stress peak (conventional)
€ud = 0.9-cuk = 0.068 design strain at stress peak

Elastic-hardening

on ki it = 2E e conkiik + e TP S
Es fsk \ Es) \ Es
fuk - —
Es

Elastic-perfect-plastic

as_epp(e) = if(e > es_y.fsd .if(¢ < €s_y.Es-€.0))

Elastic-hardening

fsud - fsd

‘(€ —es_y).if(e <es_y.Es¢ .l):|
€ud - es_y

os_eh(g) = if|:e >Es yA € <eud.fsd +
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Mild steel B500C

600

400
os_nlsa(es)
as_epp(€s) 300
os_eh(es)

200}

100|

00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
£s
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Mild steel BS00A
600
500 r-’/
‘_-——-_.

400
os_nlsa(es)
os_epp(es)300
os_eh(es)

200

100

00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
£S
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Prestressing steel Y1860 (§3.3)

~p = 115
JB.= 1.1
Ep =195000 MPa

fptk = 1860 MPa

fotd = fptk-—
P
gpud = 0.02
P ey
fp01k = 0.9-fptk
fpo1d = UK _ 1 527 10° MPa
)
fp01d

Epy = —— = 7.804 x 10
Ep

Non-linear structural analysis

A E < epuk.fpllk + L olbu, ol ‘(e - fpom).if[s < ﬂ.Ep-S .0)

op_nlsa(e) =1f|& >

Elastic-perfect-plastic

fp01k

Material safety coefficient for mild steel

due to fulfillment of the conditions in A.2.1

Young (elastic) modulus

Characteristic ultimate strength of prestressing steel in tension/compression
Design ultimate strength of prestressing steel in tension/compression

design ultimate strain
characteristic ultimate strain
Characteristic strength of prestressing steel in tension/compression at 0.1% of residual strain

Design strength of prestressing steel in tension/compression at 0.1% of residual strain

design equivalent yield strain

od — fp0lk | Ep Ep

op_epp(e) = (e > epy.fplld .if (¢ < epy.Ep-£.0))

Elastic-hardening

op_eh(g) = E'[E > Epy A € < epud .fplld +

fptd — fp01d

(€ - epy).if(e < e;:y.Ep‘e.t}}]
epud - epy
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Prestressing steel Y1860
izt
2x10
1.5%10°
op_nlsa(ep)
op_epp(epP)  1,10°
op_eh(ep)
500
0 -
0.035 0.04

0 5%x107° 001  0.015 0.02 0025 003
€p

3.4 Steel constitutive law following FprEN1992-1-1:2022

The general calculation procedure is shown for prestressing steel grade Y1860, but at the end also
the application to mild steel BS00C and mild steel BSOOA (equal to the previous standard) is given.
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Prestressing steel Y1860
~p = 1.15 Material safety coefficient for mild steel
ap=11 due to fulfillment of case (a) in table A.1 (NDP) and AVCP 2+

Ep = 195000 MPa Elastic modulus

fptk = 1860 MPa Characteristic ultimate strength of prestressing steel in tension/compression
fptd = fpﬁ;--l- = 1.691 x 1{,'43 MPa  Design ultimate strength of prestressing steel in tension/compression
P

gpuk = 0.035 design ultimate strain
epud = 09-cpuk = 0.032 characteristic ultimate strain
fp0lk = 1640 MPa Characteristic strength of prestressing steel in tension/compression at 0.1% of residual strain

fp01d = itk 1.491 x 103 MPa  Design strength of prestressing steel in tension/compression at 0.1% of residual strain
P

3

Epy = % =7646x 10 design equivalent yield strain
P

Non-linear structural analysis

op_nlsa(e) =1f| g > Ep:;k A € < Epuk.fpllk + . o ‘{E = fpmk).if{s < %-EP'E ‘0)

cpud - i L ke

Ep

Elastic-perfect-plastic
op_epp(e) = if(e > epy.fp0ld .if (¢ < epy.Ep-€.0))

Elastic-hardening

fptd - fp0ld

£ - gpy).f(€ < epy.Ep-€.0
Epud_sm'_( py).if(¢ < &py.Ep }]

op_eh(e) = ﬂ{e > Epy A € < epud . fplld +

gp = 0,0.0001..epud-2
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Mild steel B5300C

600,

400
as_nlsa(es)
os_epp(€s) 30
as_eh(es)

200

100

00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
£s
Mild steel BSO0OA
600
500 r”/
‘f

400
os_nlsa(es)
os_epp(es)sw
as_eh(es)

200

100'“

t:\'{J 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
£s
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Prestressing steel Y1860

~Ap =113 Material safety coeflicient for mild steel

ap=11 due to fulfillment of case (a) in table A.1 (NDP) and AVCP 2+

Ep = 195000 MPa Elastic modulus

fptk = 1860 MPa Characteristic ultimate strength of prestressing steel in tension/compression

fptd = fptl-— = 1681« 10° MPa  Design ultimate strength of prastressing steel in tension/compression
P

gpuk = 0.033 design ultimate strain

gpud = 0.9.zpuk = 0.032  characteristic ultimate strain

fpllk = 1640 MPa Characteristic strength of prestressing steel in tension/compression at 0.1% of residual strain
fpiik 3 : : : . : . .
fp0ld = —— = 1491 = 10 MPa  Design strength of prestressing steel in tension/compression at 0.1% of residual strain
e
Epy = ? = T646 x 11}_3 design equivalent yield strain
P

Mon-linear structural analysis

1
moE = epuk fpllk + ! |.ifl & < Ep-g .0}
puk fp _ fpllk | B )\ BT

Ep

- : TR - f 5
e s Fp;)ik fptk — fp0lk ( fpOlk) [ fpOlk
P

epud
Elastic-perfect-plastic
ap_epp(g) = if{€ > epy.fplld if (e < epy.Ep-g.0))

Elastic-hardening

fptd — fp01d

op_eh(g) = if|:E > Epy ~ £ < gpud. fpild +
gpud — £py

(€ —epy).if{e < epy.Ep& .I}}:|
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Prestressing steel Y1860

210°

1.5%10°
op_nlsa(ep)

op_eppEp)  1.10°
op_eh(ep)

500

0 5x107° 001  0.015 002 0025 0.03 0035 0.04
€p

3.5 Concrete time-dependent behaviour following EN1992-1-1:2004

CONCRETE STRENGTH DEVELOPMENT THROUGH TIME

=02 for class 52.5R cement

Ecj(t) = I-Zu::n-:.i!.c:.-(t}':}‘3

femj(t) = Bec(t)-fem
feky(t) = femj(t) — 8
(
fotmj(t) = i\t < 28, Boc(t)-fetm , Bec(t)
?_C\cc-fctmj(t)
~¢E

| va

.

-fctm

fetdj(t) = 0.
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3.6 Concrete time-dependent behaviour following FprEN1992-1-1:2022
CONCRETE STRENGTH DEVELOPMENT THROUGH TIME
tref = 28

sc = if (—fck < 35.0.3.if (—fck 2 60.0.1,02)) = 02 for class CR cement
[ [ [t ’ pH]
sef 1= f—|. -

Bec(t) = if|t < tref,e e e

Ecj(t) = Ecm-3cc(t)

s | -

femy(t) = Bee(t)-fem

fetmy(t) = iicc(t}o'6-fcun
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4 Minimum concrete cover

This chapter describes the minimum concrete cover (clear cover — from out of the bar diameter to
the concrete edge) calculated according to the two standards. As described in the comment chapter,
the procedure employed is the same for the two standards.

4.1 Exposure class XC1

MINIMUM CONCRETE COVER)

initial structural class S4 . "
nominal strand diameter

exp_class_XC =1 127 mm 05
cmin b s = 10 max diametre of rebar 1524 mm 0.6
cmin_b_p =25-1524 = 38.1 associated to 0.6'

cmin_dur_s = if (exp_class_XC= 1,10.if (exp_class_XC= 4,25 if (exp_class_XC=0.10,20))) S3
cmin_dur_p = if (exp_class_XC= 1,20, if (exp_class_XC= 4,35, if (exp_class_XC=0,10.30))) S3
Acdur ~y =0

Acdur_st =0

Acdur add =35

Ac_dev =35 for precast members with production control

cmin_s = max(cmin_b_s.cmin_dur_s + Acdur_~ — Acdur_st - Acdur_add.10) = 10 mm

cmin_p = max(cmin_b_p.cmin_dur p + Acdur_~ — Acdur_st — Acdur_add.10) = 38.1 mm

cnom_s = cmin_s + Ac_dev = 15 mm

cnom_p = cmin_p + Ac_dev = 43.1 mm 15.24
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4.2 Exposure class XC2
MINIMUM CONCRETE COVER|

initial structural class S4 : .
nominal strand diameter

exp_class_XC =2 127 mm 05
cmin_b_s = 10 max diametre of rebar 1524 mm 06
cmin b p = 251524 = 38.1 associated to 0.6'

cmin_dur_s := if (exp_class_XC= 1,10.if (exp_class_XC= 4,25 if (exp_class_XC= 0,10.20))) S3
cmin_dur_p = if (exp_class_XC= 1,20,if (exp_class_XC= 4,35 if (exp_class_XC=0,10,30))) S3
Acdur ~ =0

Acdur_st =0

Acdur_add =35

Ac_dev =35 for precast members with production control

cmin_s = max(cmin_b_s.cmin_dur_s + Acdur_~ - Acdur_st - Acdur_add.10) = 15 mm

cmin_p = max(cmin_b_p.cmin_dur_p + Acdur_~ - Acdur_st - Acdur_add,10) =381 mm

cnom_s = cmin_s + Ac_dev = 20 mm

- { =43 4
cnom_p =cmin p + Ac_dev=431 mm g 1522 - 50m
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5 TT element - EN1992-1:2004

5.1 Shop drawings
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5.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y_tr= (0 79.99 80 130 330)T

Htot = max(y_tr) maximum depth

Width of corresponding chord:

b_tr = (2400 2400 1566 354 320)°

r_circ =0 radius of central void pipe
/ 2

x_circ(y) = EJr_ciﬂ:2 - y- E)
\ 2

b_lin(y) = linterp(y_tr.b_tr.y)

b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

5

b(y) = i:l{y < {ﬂ + r_circ) Ay2 % . r_circ.b_cﬁc(y).b_&;(y)J

(ng:- 0.. Htot

|

yd 132
— condensed 1D geometry plot

¥ 108

Geometry

o

264

-210° -1x10° 0 1x10° 2x10°

~b(yd) blyd)

w = 2400 + 1800 + 320 + 3004 = 572x 10°  mm  exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =

Distance of rebars from upper chord
ds = (25 300)F

Area of reinforcement at each depth

As = (12-A(6) 2-A(6) )T

jﬁ.«:' rows(As) js =2

dsmax = max(ds) dsmax = 300
Js

As_tot = -Z, As; = 395841
j=
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Prestressing reinforcement
Area of a single strand: nominal strand diameter
127 mm 05

¢p =127 mm  nominal strand diameter
1524 mm 0.6

Apl =93
Depth of prestressing strands from upper chord:
dp = (180 230 280)T

Area of strands at each depth:

Ap = (0:Ap0 4Ap0 4-ap0)"

op0 = 1400 MPa

oprec = (0.4-0p0 1.0p0 a-pO)T initial prestressing
losses = 0-(1 1 1)T in percentual % (losses are introduced later)

-

ip = rows(Ap) p=3
k=1.jp
|:(100 - lossesk]] {560
oo, = oprec, | ————— 2
. k 100 co=|14x10’
L L14x 10
Ap_tot = Z Apy Ap tot=T44
k=1
ypmax = max(dp) ypmax = 280
P
Np_tot = Ap, -ao_ ||
kgl (( il Np_tot = 1.042 x 106 total prestressing initial force
P
Y. (dpAp ooy
Yp = k= _i =255 mm  centre of gravity of prestressing
P
Y (Apgooy)
k=1
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5.3 Material constitutive laws employed in the calculation

—4x1073 -2x107? 0

500

os(e) 0

- 500

|
-0.05 0 0.05

2.046x10° . . . . .

1.023x10°

UP(E) oF— . —

-1.023x10°

3 1 L 1 1 1
—-2.046x10
-0.02 -0.01 0 0.01 0.02
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5.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION
Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Hitot 5
Ac:= J. b(y) dv Ac=3074x 10
0
As_tot -3 5 s = ’ ”
ps = T‘- =1288x 10 geometric ratio for longitudinal mild reinforcement
Ac
Ap_tot -3 : = B .
pp = s =242x 10 geometric ratio for longitudinal prestressing tendons
Ac
ptot = Ba St v AP 3708 x 10~ total geometric ratio for longitudinal reinforcement

Ac

First moment of the concrete area

Htot "
Sye = j b(y)-ydy Syc=2785x 10’
0
Centre of mass of the concrete area

765 X vG = 90619
Ac

Second moment of the concrete area

Htot
Ixo_cls = J' b(y)-(y - )'G)}'dy Ixo_cls = 2.109 x 10g

0
Global area of all prestressing reinforcement

Area tr= s« 0 Area_tr= 744
for x= 1..3p
s — _-\px +5
First moment of the area referred to prestressing reinforcement only
P 5
Sxp = z (Ap,dp) Sxp = 1.897 x 10
i=1

Centre of gravity of prestressing

. Sxp :
Yp = Yp = 255
Area_tr .

Idealisation coefficients (elastic)

Ep

np = — np = 3374
Ecm

ns = E_s ns = 5512
Ecm
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Area of ideal cross-section

Aid = Ac + ( S N i p

Aid = Ac + (np - 1)- Z ,—\pj +(ns - 1)- Z A.sj Aid = 3.124 x 10
j=1 j=1

First moment of the reinforced concrete area

)5
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) + (ns — 1)- Z [.-\sj-dsj) Sxid = 2.88 x 10?
=1
Centre of mass of the reinforced concrete area
Yid = SL: Yid = 92.181

Second moment of the concrete area subtracting the effect of reinforcement
, . 2 i - o
Ixoidcls = L b(y)-(y - Yid)“dy - Z [.«\pi-(dpi - Yid) ] - z [_-.\_sj.psj - Yid) ]
i=1 j=1

Second moment of the prestressing reinforcement area

P R
Ixoidprec = np-z [.--\pi-(clpi - 'fid)‘]

i=1

Second moment of the mild reinforcement area
Js 3
Ixoidlenta = ns- z [.—'\sj-[ dsj - Yid' :I
=1
Second moment of the idealised reinforced concrete area

ko id = Eeoidels + Bioidpec + Eoidlenta o id = 2216x 100  mmM
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5.5 Loads

interaxis = 2400 mm

gl = Ac-0.000025 = 7685 kN/m dead load from self-weight
e G, il kN/m nonstructural dead load
1000
g ROEES L3 W live load
1000
L =880 mm calculation length (span between supports)
P2 =03 non-contemporaneity factor for quasi-permanent load combination
Pl =035 non-contemporaneity factor for frequent load combination

( 2
Mq_SLSgl(x) = (gl)-L%-x - x? SLS bending moment distribution from self-weight load

(
Mgq_SLSg2(x) = (gz)-Lé-x - % SLS bending moment distribution from nonstructural dead load

2
Mq_SLSq(x) = (q-nb.".)-'l\-ljlx - -’;—] SLS bending moment distribution from live load

5.6 Prestressing transfer and time-dependent behaviour

TRANSFER OF PRESTRESS (§8.10.2.2)

al =1 gradual release of prestressing

o2 = 0.19 for 7-wire strands

opm0 = opl = 1.4 x 103 MPa initial prestressing

npl =32 for 7-wire strands

=1 in favourable position

fopt = npl-nl-fetdj(2) = 3.51 MPa equivalent constant bond stress at prestress realease following §(8.15)
Ipt = %-@ = 962.587 mm basic value of the transmission length following §(8.16)

Iptl := 0.8lpt = 770.069 mm lower-bound transfer length following §(8.17)

pt2 = 1.2Ipt = 1.155 x 103 mm upper-bound transfer length following §(8.18)
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Prestress losses

A
bn=225-107477 mm

u
ges = % =65x10 " shrinkage strain assumed as a result of laboratory tests on the specific concrete mix employed
p1000 = 0.025 for class 2 (low-relaxation) tendons following §3.3.2(5)

kp = 0.16

¢ = 50.365 = 1.825 x 10" days Life span

—Np_tot _ [Mg SLSgl(x) - Np_tot-(¥p - Yid)]-(Yp - Yid)

P2 =
TRRAD == Tro_id

o‘chPZ{ %J =-10265  MPa

stress in quasi-permanent load combination at 2 days
{conventional equivalent time for prestressing release)

Mq_SLSg2(x)-(Yp - Yid)

ocpQP23(x) = -

crchPI!B{ %) = 3452 MPa

stress in quasi-permanent load combination at 23 days
{conventional time for assemblage of the structure on site)

P L

Mgq SLSq(x)-(Yp — Yid) PQI{ J - 1553 MPa
\

Ixo_id

acpQP1(x) =

|

stress in quasi-permanent load combination at 91 days
(conventional time for enter in use of the structure)

kp
Acpr(x.t) = [o‘po + %.(acporz(x) + aepQP23(x) + mQWl(x})}-plom'[%_]
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)
Ac

h0 = 2-— = 107477 mm notional size of the member
u
RH =50 % relative humidity
t0_T(t0) = t0
a=1 for cement class R
8t . . :
0_mod(t0) = m tO__T(tU)-{ o - l) 05 time medification due to type of cement §8.9
Lz + to_r(to)l“

t0_mod(2) = 6.189

cxcl:=L . ) = (.748
-icm
o D
m:).:-[-;s ) =092
cm
. 05
acS'n( ;5 ) = 0813
=icm

Bh = if[—fcm > 35..:&,[1.5-[1 + (0.012-111-1)18]-:10 + 250-ac3, 1500-m3].n¢£1.5-[1 + (0.012-Rl-l)ls]-h0 +250, 1500:ﬂ = 36439
1
BtO(t0) =

02
0.1 + t0_mod(t0)

03
( t-t0_mod(t0) J
3c(t,t0) =
Be(t.t0) \ Bh + t - t0_mod(t0)
168
fdem o= = 2308
\,‘—fcm
-2 X
@RH = if{ -fom > 35| 1 + .'10'0 setdeaan 100 I —
0.1-3/n0 0130
P(t.10) = 0(t0)-Be(t.10)
@(t.2) = 245 @(t.91) = 146

s S ;

_Lﬁc}a}'s.ﬁ)‘
pldays. 9N

0 1 [ 1
0 5x10° 1x10* 1.5x10*

days
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| 2 2

[MME-DEPENDENT LOSSES OF PRESTRESS (§5.10.6))

—-€cs-Ep - 0.8-Aopr(x.t) + %-(ach?l(x)-\o{t.l} + aepQP23(x)- p(t.23) + ocpQPI1(x)-p(1.91))
Aop_cst(x.t) =

Ep Ap_tot
Ecm Ac

1+

[1 " .-.\c (Yp- Yid)z}(l i p(t,2)-ocpQP2(x) + (t,23)-ccpQP23(x) + p(t.9l}-achP91(x})
Ixoidcls L acpQP2(x) + ocpQP23(x) + ocpQPI(x)

prestress losses following §(5.46)

NOTE: a weighed creep coefficient was considered accounting for the 3 load phases previously introduced

opm(x.t) = opl - EE_p -(ocpQP2(x) + ocpQP23(x) + ocpQP1(x)) + Acp_csr(x.t) prestress considering immediate and delayed losses
em
crpm{% .365-50]
——— 05852 expected residual prestress ratio after 50 years of life with respect to initial
2]

p
opm 5.355-50]
\2 .

epm = ———————gp0 expected residual strain after 50 years of life with respect to initial

op0

crpn{% .365-50) -Ap_tot = 8.876 x 105 N residual prestress force after 50 years of life

Np_tot = 1.042 x 106 N initial prestress force

5.7 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)
Hitot s

P
N(e_sup.0) = z (ocfe(y;.c_sup.0))b(y,)-Ay) + z 1crp{£|dpj.£_sup.9}+Epm]}-:\pj}+ Z 1as[£{dsj.£_sup.9:”-.&s}-}
i=1 j=1

j=1
Htot P s
M(e_sup.0) = z ]:crc{E1}'i,Ewsl.q:,lll”-biyij‘b}'-{yi- }ﬁﬂ - Z [ap{E{dpj.E_sup_ﬂ| - Epmj}-.'-\pj-{dpj - }'G}] - Z [cs{i[dsj,E_sup,i)”‘Asj]dsj - yﬁﬂ

i=1 j=1 j=1

Design external axial load
NS =0
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—
1

Moment-curvature [kNm]

{
- | /
3001 .
M
10°
M_E.I,c 200}
10° |
M_EI p, '
6 {
10 100}
{
{
|
0] ;
0 %1072 4x107° 6x107°
.
0
S na
- 100 -
L
s
~Y_ 00t y
- 300F -
-20 -10 0 10 20 30

40

~oc|e( ¥;.£_$0Pemeg- Oemes) ) - — occ{ € Vi €_S8Penrs- Ocmmas) ) - (= €( ¥i-E_SUPeenes - Beanrs) - 1000)

Condition at resisting (peak) moment
(stress and strain)

62




dlc consulting BIBM EC2 project - calculation report {J/ij"

0 ———
——t—
- 100F 7]
=Y
-¥i
-_}’i':w_ i |
- 300 =
-30 =20 -10 0 10 20

- oc| €| ¥;.€_SUPemug- Bemug) ) . — Occl €l Vi€ _SUP g emua) ) - (= &l Vi-€_SUPcamus- Bemmug)- 1000)

Condition at final computed step
(stress and strain)

5.8 Bending moment distribution

~gl =135 partial safety coefficient for self-weight structural loads

~g2 =135 partial safety coefficient for non-structural certain dead loads

~q = L3 partial safety coefficient for live loads or non-structural uncertain dead loads

Mg ULS(x) = (glygl + g2l + q"r"-ﬂ'[% & - ‘_] moment distribution at Ultimate Limit State (ULS) fi | load bination following a uniformally distrbuted load q
. L2 1)
{ 2

Maq SLSr(x) = (gl + g2 + q}-‘L%-x - —] moment distribution at Senviceability Limit State (SLS) rare load combination following a unifs lly distributed load q

L moment distribution at Senaceability Limit State (SLS) frequent load combination following a uniformally distributed load q

| 2
Mq_SLSf(x) = (gl + g2 + =|-1-q;-;\;-; = "?]
(c. it o

Mgq_SLSqp(x) = (gl + g2 + q‘z-qj-i%-x - 1;} moment distribution at Senaceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load g

L &
Mg SLSeMx) = (gl + g2)| —x- %J distribution at S bility Limit State (SLS) permanent load combination following a uniformally distributed load g

&
Mp_SLS(x) = if|:x < Ipt.opm(x.363-50)-Ap_tot-(Yp — \'id)-ﬁ.ﬂ'[x > L - Ipt.opm(x.363-50)- Ap_tot-(Yp — \'id)-% Jopm(x.365-30)-Ap_tot-(Yp — \'iﬁ}ﬂ

G of prestressing equivalent load in SLS (without modification factors)
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ACTING MOMENT [kNm]
200
-Mgq ULS@) 100
10°
—Mq SLSr(1)
———
10
—Mgq_SLSqp(i)
1° _y00
Mp_SLS(1)
10°
-200
-300
0 2x10° 4x10° 6x10° 8x10°
i
distance from support [mm]

5.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

v_inf p(x) = v_SLSgl(x)-(p(365-50,2) — p(365-50.23)) + v_SLSg2(x)-(1 + p(365-50,23))

deflection profile at 50 years including creep for permanent load combination
v_inf_qp(x) = v_SLSgl(x)-(¢(365-50.2) — (365-50.23)) + v_SLSg2(x)-(p(365-50.23) — p(365-50.91)) + v_SLSqp(x)-(1 + ¢(363-50.91))

deflection profile at 50 years including creep for quasi permanent load combination

v_inf_r(x) = v_SLSg1(x)-(p(365-50,2) — p(365-50,23)) + v_SLSg2(x)-(1p(365-50,23) — o(365-50,91)) + v_SLSqp(x)-1p(365-50.91) + v_SLSr(x)
deflection profile at 50 years including creep for rare load combination
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DEFORMED SHAPE

40

—v_inst_ULS(D)

- v_inf_1(i)

-v_inf_qp()
= ?_inf_p( 1) =20

vertical displacement [mm]

0 2x10° 4x10° 6x10° 8x10
i

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)

v_inf_r(%) =-12391 < % =354 EHECK maximum deflection
values calculated from differential equations above
v_inf J{%} =-24348 > 2_—; =-354 - maximum camber
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cnom_p = cmin_p + Ac_dev= 3675 mm cnom_p + % =43.1

SLS STRESS CONTROL (§7.2)

kl =06 rsup = 1.05

12 = 045 prestressing modification coefficients
e rinf = 0.95

ki=1

k5 =075

-Np_tot-rsup " [Mq_SLSgl(x) - rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
Aid Ixo_id <
elastic stress of bottom concrete chord for selfweight loads only

acpgl_bot(x) =

—-Np_tot-rsup " [Mq_SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-(-Yid)
Aid Ixo_id
elastic stress of top concrete chord for selfweight loads only

ocpgl_top(x) =

~Np_tot-rsup N [Mgq_SLSgl(x) — rsup-Np_tot-(Yp - Yid)]-[ ds1 - Yid)}

Es
acpgl tops(x) = .
cpgl_tops() Ecm |: Aid Ixo_id

elastic stress of top series of mild steel for selfweight loads only

—Np_tot-rsup i [Mq_SLSf(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)

acpf_bot(x) = FeT & kd c
elastic stress of bottom concrete chord for frequent load combination
_N 5 i o, ‘N b r — rs 2 = re
e Bain) p_:t::l rsup [Mq_SLSr(x) — rsup I_x::)tic(l\p Yid)]-(Htot — Yid) .
elastic stress of bottom concrete chord for rare load combination ¢
-N; -1 ) — nnf -Np_tot-(Yp - Yid)]-(-Yi
SR 5 p_tot-rinf " [Mgq_SLSr(x) = ninf -Np_tot-(Yp - Yid)]-(-Yid) .

Aid Ixo_id
elastic stress of top concrete chord for rare load combination

o Mgq_SLSr(x) — rsup-Np_tot-(Yp - Yid)]-‘dp. - Yid]
-N X [Maq_: LS
acpr_p(x) = opm(x.t)-rsup + 15-|: p_t(?t i M - P

Aid Ixo_id

creep stress of bottom prestressing steel for rare load combination
eI ] [Mq_SLSr(x) — rsup-Np_tot-(Yp - Yid)]( dsjs - Yid)
Aid Ixo_id

oepr_s(x) = 15-{

creep stress of bottom mild steel for rare load combination
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acpgl_bot(lptl) = -20.042

acpgl_top(lptl) = 2.911

acpgl_tops(lptl) = 6.461

acpf__bot(%} =-5.711

acpt_bo{%} = -1.929

acpr_bot(lptl) = —-16.036

ccpr_top[%] = —4.482

epr _p(-;:) =1219x 10°

acpr_s[-g—) =-3191

SLS CRACK CONTROL (§7.3)

¢_act := Htot — dsjs -10=20

c_act

ksurf = mi I{1.5.—
. mmt 10 + cmin_dur s

whim_cal = 0.2

w freq=0 <

whim_cal = 0.2

> kl(femj(2) + 8) = -13.573 [EHECK

> K2fck = -2025 MPa  not compulsory in environment XC

< femj(2) =219 MPa |[CHECH

if not the element is assumed to be cracked after transfer of prestressing

< k3-fsk = 400 MPa

< fctm = 3.795 MPa

< fetm = 3.795 MPa

> kl-fck =-27 MPa
> 04fem =-212 MPa

> klfck =27
>  04fom =-212

< k5-fptk = 1.395 x 10°

< k3-fsk = 400

J-1

mm
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5.10 ULS checks
ULS BENDING-AXIAL CONTROL (§6.1)
Mq_UI.S(%]
Mrd = 311571 > ————== = 270783 EHECK
10

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§6.2)

shear distribution at Ultimate Limit State (ULS)

L
Vq ULS(x) = [(glygl + g2vg2 + q-w{; = x}

d=Yp=125 mm
VEd = Vq ULS(d) = 1.153 x 105 N
bw = 320 mm

z2=09d=2295 mm

effective depth
maximum shear at effective depth from support
web width

conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§6.2.2)

/
|

s
Ap tot+ Z As,
i=1

reinforcement ratio

pl = min{ 0.02, ———————— | = 0.014 NOTE: the reinforcement ratio is assumed constant due to the introduction of additional
\ bw-d support reinforcement which compensates the progressive anchorage of strands
acp(x) = o’pm,(x‘t)-m MPa axial stress induced by prestressing
Ac

(

200
lc\'.%m:i.n;l+—.2]=l.?84
\ d

klv = 0.15

o |
-

> ]
vmin = 0,035k ~-(~fck) ~ = 0.61

VRdc(x) = lszCtdc-k\'-( 100-pl-—fck) ’

ocp(lpt2) = 2.821 MPa  after full transfer

§6.3N

bw- d-errdc-kv‘{ 100-pl-—fck)

[

+ kl\"acp(bﬁ):' =
4

(vmin + klv-ocp(lpt2))-bw-d = 8431 x 10

- kl\'-crcp(x}]-bw-d.(\‘min B kl\'-acp{x))-bw-d] §6.2.a+§6.2.b

68

AFTER PRESTRESSING



Mz
dlc consulting BIBM EC2 project - calculation report {J/Ibm

1.5x 105 T T T T

5
Vq ULS() 1x10

Vrd(1)
cons 5x10°*
0
0 1x10° 2x10° 3x10° 4x10°
i
MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§6.2.3)
fywd = fsd = 454545 MPa design yield stress of transverse reinforcement
Asw = 4 6:7' = 113.097 mm2 area of transverse reinforcement (pseudo-vertical stirrups)
By = atan{’ij] = 0381 rad angle of inclination of concrete compressed strut
sl = 190 mm spacing of transverse reinforcement (constant throughout the member)
Vil = A—slw‘z-fywd‘cottﬂv) =1592x100 N > Vq ULS(0) = 1224 x 10" |EHIEGH shear resistance on steel side (§6.8)
s
—fek =
vl = 0_6-[1 - ﬁ) = 0492 §6.10 Vq ULS(d) _ 0743
( Vrds
cew(x) = if[o‘cp(x) < 025fcd 1+ im.ﬂ'[ﬂp(x} > 05fcd . 25{ 1 - “""{‘}].us]] §6.11
~fed U —fed

Vrdmax(x) = mw{x)-hwvz-ul-L shear resistance on concrete side (§6.9)

cot{Bv) + tan(bv)

Vedmax(0) = 435x 100 N >  Vq ULS(0)=1224x 10° |EHEGH
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MOMENT DIAGRAM ACCOUNTING DUE TO SHEAR RESISTING MECHANISM (§9.2.1.3)
npl =12
fopd = np2-n1-fetd = 2277 MPa given fck < 60 MPa

lnls)

= -p = 1.683 x 10°

lbpd = Ipt2 +

opm(lpt2.365-50) x_ opm(ipt2.365-50) | (x~ Ipt2)

MRA(x) = if[x < Ip©2 Mrd- .H‘[x > Ibpd , Mrd , Mrd-

fptd Ipr2

al = z-[ﬂg) = 286875

xiq,_uisﬁ)

Mq U d
MEA(3) = if| x> = - al, Mg IS+ voundin)

6 6

0 1x10° 210° 3x10° 4x10°
i
MINIMUM REINFORCEMENT
bt = b(Htot) = 320 mm §9.1N
Asmin = maz:{o_’ﬁ‘%-bt-d_o_ﬂols-bt-d} =161048 mm2 >  plAc=4204x100 mm2 |GHEGH
s J
for longitudinal reinforcement
s$2=190 mm < d.075=19125 mm - for shear reinforcement §9.6N

pw_min = ‘ﬁ:" =186x107° > o.os-!i% =107 1073 BHEGH sosn

52w SK

Nrd(x) = max(Vrds. Vrd(x))

2¢10° T : : :
1.5x10°
Vq_ULS()
— 1x10°
Vrd(i)
4 sl =190
5x10
0 s2=190

0 1x10° 210° 3x10° 410°

70
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CHECK OF SUPPORT MILD REBARS (§9.2.1.4(1))

025-Mrd = 77.893 Nmm < L-mﬁ}fsd-o.ﬂi = §3.898
L oa
10
area of support mild steel
MR(x) = n{x < 500.0.9@-%{4-«‘?} + MRd(x).MRd(x)}
10
400 1 I I I
300
MEd(1)
MR
100p"
0
1
ANCHORAGE (§8.4)
nl=1
n2 =1

fbd = 225112 fetd = 427 MPa §8.2

Ibrqd(d) = §8.3

alb =1
alb =1
adb =1
adb =1
oSb =1
lbd(¢) = alb-a2b-a3b-adb-asb-lbrqd(¢) §8.4
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g sy

SHEAR AT THE WEB-FLANGE INTERFACE (§6.2.4) 2.155
nl=1
%=1
hf = 354 L g g
L a Mq__UlS(—] =2031x 10 Mg = 2.001 x 10
Ax:-:=2212x10: *
80 1 5
AFd = z (oc(e(y;-e_supy.By))-2400-Ay) + Z 'cs[e'dsj.E_supg.ﬂgn-.-'-\sj} =-8.002 x 10
i=1 j=1
of = 0.462
-AFd x -
VEd = s = 102 < vl -—fed -sin(0f)-cos(Of) = 631 BHEBR compressed strut
< 0.4-fetd = 0.759 EHECK
if not reinforcement is required
Asf = 2-A(6) + A(6) = 84823 mm2 flange transverse reinforcement
sf =200 mm spacing of additional flange reinforcement
Ass B 10278 mmZmm > vEd— - 150087 EHECKH
sf cot( 6f)
5.11 Fire checks
“h._‘ o o
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1 ¢ 1 1 ¢ ¢ 1 ¥ e 1 e
g &8 8 &8 & 8 & g & 8§ °
T(°C)
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29
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76

87

100

100

115

131

141

33

33

37
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100

109

149

177

199

216

41

41

47

9

76 |99 119

163

204

252

302

347

375

388

52

52

62

100|160(213

277

347

430

526

623

682

67

67

g1

100

178|265 (361

468

585

100

168

277|439 608

132

226

4u4?aﬁj§9"

100

100

159

271

wﬂﬂ

100

100

177

300

5258

119

119

190

319

55182D

138

138

205

336

ﬂﬂ$

165

165

357

SOBUT

205

205

262

389

269

269

321

439

377

377

323

567

567

598

810

810

822

849

747
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y
A
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¥.a \
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\ e
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el

\

X

A

K

N: 1 sp=380.00 kN;

Nz =
Myt =
My-=

0.00 kN

103.02 kN'm
-11.79 kKN'm

M: 1sp=22.00 kN'm
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6 TT element - FprEN1992-1:2022

6.1 Shop drawings

2400
L
| i
: | s
] \<®
R |
25 E i)"
T bt it L= P0G ENDVIEW [1.7])
WS 1260 53 tad &3 iz 7&3
. }E) r .\
Rl .
’ 2
o
(57 nar ncne 1= soap) |
L)
=
END DETAIL (155
030

SIDEVIEW [1:25)

el BIBM  Federion of 1= European Precast Cancrere sty

Code T SLAB FprEN 1992-1:2022

dle....... ‘bi’brn( T s ‘,:j‘,;‘,.,‘f; 1 of 2
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Thumirial Part Number QY Moss Totalmass  @_ @ _longitudinal pattern_ [ @_transverse patterm_L
1 | 1 4 208 3z A& mm
12 24 922 12538 &mm
Ld
21 B 2024 16208 Té mm
fotal mess retars [kg] 2% 57 Incidence kg/m®* 11,33
R1 2 41610 83770 Amm 200 mrm Amm 300 mm
R2 2 186B3 37346 & rim 200 mirm &M 120 mm
L ¥
Total rnass welded-wire-meshes [kg]| 120,59 Incidence kg/m* 46,20
SThalfinche’L=9030 B8 &899 52792 127 mm
Total mass sirands [kUI| 52712 | Incidence kg/m® 2023 |
| lotd mass ot stes! |kg| | 202,95 | | lotal cancrate volume 1 2,41
Pegieet BIBM  secerofer of the Eurspaan Precart Cararst Incusiy

Code TT SLAB FerEN 1992-1:2022
("
die...... ‘b:bm‘ ¥

sheet
number

Atk
INVEMTOR

20f2
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6.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr=(0 7999 80 130 330)%
Htot = max(y_tr)
hcopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (2400 2400 1566 354 320)°

r_circ =0 radius of central void pipe
y )
x_cire(y) = 2jr_cin:" - {y ~ —H;'MJ

b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_cire(y)

b(y) = ,‘f|}- < ?% + r_circ) Ay2 -HL;E - r_circ .b_Cﬂ‘C(Y)-b_lm(Y)J

yd = 0. Htot
Geometry
G |

66 » -' =
yé 132 _\—/_ -
_ condensed 1D geometry plot
¥ 108

264

-2x10° -1x10° 0  1x10° 2x10°

=b(yd) b(yd)
2 2

u = 2400 + 1800 + 320 + 300-4=572x 10° mm  exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =

Distance of rebars from upper chord
ds = (25 300)F

Area of reinforcement at each depth

As = (12-A(6) 2-A(6) )T

jﬁ.«:' rows(As) js =2

dsmax = max(ds) dsmax = 300
Js

As_tot = -Z, As; = 395841
j=
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Prestressing reinforcement
Area of a single strand: nominal strand diameter
127 mm 05

¢p =127 mm  nominal strand diameter

Apl =93
1524 mm 06

Depth of prestressing strands from upper chord:
dp = (180 230 280)T

Area of strands at each depth:

Ap = (0:Ap0 4Ap0 4-ap0)"

apl = 1400 MPa

oprec = (0.4-0p0 op0d apO)T initial prestressing
perdite = 0-(1 1 l)T in percentual % (losses are introduced later)

ip = rows(Ap) jp=3
k=1.jp
(100 - perdilek) [ 560
oo, = oprec, | —————— ' 3
ke = TP 100 co=|14x10°
ip L14x 10°
Ap_tot = z Apk Ap tot=T44
k=1
ypmax := max(dp) ypmax = 280
P
Np_tot = Z ((Apy oo, )) ) 6
Np_tot = 1.042 x 10 - total prestressing initial force

k=1

P
Y. (dpAp ooy
- = 255 mm
= ip B centre of gravity of prestressing
Y (Apgooy)

k=1
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6.3 Material constitutive laws employed in the calculation

T L) ) L)
oF - B
oc(e)- 10 =
occ(e)
e |
: 20
-30f B
- 40 1 1 1 1
—4x1073 -3x10~2 -2x1073 -1x1073 0 1x10
E
500
oxe) ¢
- 5001
-0.05 0 0.05
E
2.046x10° : : ;
1.023x10°F .
op(e) of
- 1.023x10°F .
-2.046x10° ! L !
-0.02 0 0.02
£
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6.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION
Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Hitot 5
Ac:= J b(y) dy Ac=3074x 10
0
As_tot -3 : - s g :
ps = -\; = 1288 x 10 geometric ratio for longitudinal mild reinforcement
Ac
Ap_tot -3 . . - .
pp = _{“c =242x10 geometric ratio for longitudinal prestressing tendons
ptot = s s oo OB 3708 x 10~ total geometric ratio for longitudinal reinforcement

Ac
First moment of the concrete area
Htot .
Sye = J’ b(v)-ydy Syc=2785x 10’
0
Centre of mass of the concrete area
Syc

vG = — vG = 90.619
Ac

Second moment of the concrete area

Htot N
Ixo_cls = J‘ b(y)-(y - vG)“ dy Ixo_cls = 2.109 x 109
D

Global area of all prestressing reinforcement

Area tri= s« 0 Area tr =744
for x= 1. jp

s « "\px +5
First moment of the area referred to prestressing reinforcement only
P - 5
Sip = Z (Ap,dp,) Sxp = 1.897 x 10
i=1
Centre of gravity of prestressing

J Szp a
Yp = Yp = 255
ke Area_tr y

Idealisation coefficients (elastic)

e np = 5.465
Ecm
E
ns = ol ns = 5.605
% Ecm
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Area of ideal cross-section

Aid = Ac + ( S N i p

Aid = Ac + (np - 1).Z ,—\pj + (ns - 1)-2 A.sj Aid = 3.125 x 10
j=1 j=1

First moment of the reinforced concrete area

)5
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) + (ns — 1)- Z [.-\sj-dsj) Sxid = 2.882 x 107
=1
Centre of mass of the reinforced concrete area
Yid = SL: Yid = 92213

Second moment of the concrete area subtracting the effect of reinforcement
, . 2 i - o
Ixoidcls = L b(y)-(y - Yid)“dy - Z [.«\pi-(dpi - Yid) ] - z [_-.\_sj.psj - Yid) ]
i=1 j=1

Second moment of the prestressing reinforcement area

P R
Ixoidprec = np-z [.--\pi-(clpi - 'fid)‘]

i=1

Second moment of the mild reinforcement area
Js 3
Ixoidlenta = ns- z [.—'\sj-[ dsj - Yid' :I
=1
Second moment of the idealised reinforced concrete area

ko id = Eeoidels + Bioidpec + Eoidlenta o id = 2219x 100  mmM

83
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_—/
6.5 Loads
interaxis = 2400 mMm
gl = Ac-0.000025 = 7685 kN/m dead load from self-weight
2 =2 e I 48 kN/m nonstructural dead load
1000
q o 3 S Lo KN/ live load
1000

L =8850 mm calculation length (span between supports)
P2 =03 non-contemporaneity factor for quasi-permanent load combination
Pl =05 non-contemporaneity factor for frequent load combination

( 2
Mq_SLSgl(x) = (gl)-"L%-x - %) SLS bending moment distribution from self-weight load

( 2
Mq_SLSg2(x) = (g2)-]k%-x - %) SLS bending moment distribution from nonstructural dead load

(2
Mgq SLSq(x) = (q-d;l)-l\% - %] SLS bending moment distribution from live load
- J

6.6 Prestressing transfer and time-dependent behaviour

[TRANSFER OF PRESTRESS (§13.5.3)
al=1 gradual release of prestressing

o2 =026 for 7-wire strands

opm0 =op0=14x10" MPa

n=1 in favourable position
e al-o2-cpm0
i E‘Tll- Fem () - 9 G S0 I basic value of the transmission length following §(13.4)
Iptl = 0.8lpt = 725.597 mm lower-bound transfer length following §(13.6)
Ipt2 = 12-Ipt = 1.088 x 103 mm upper-bound transfer length following §(13.7)
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Prestress losses

bn=22% 2107477 mm
u
=
A =079+ =200 605 079) = 0802
ot (500 — 200)

065 -4
SRS 1000 =65 10 shrinkage strain assumed as a result of laboratory tests on the specific concrete mix employed

p1000 = 0.025 for class 2 (low-relaxation) tendons
kp = 0.16

t = 50-365 = 1.825 x 104 days Life span

-Np_tot _ [Mq SLSgl(x) - Np_tot-(¥p - Yid)]-(¥p - Yid)

acpQP2(x) =
N Aid Ixo_id

crchPI{ %) =-10254

stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)
Mq_SLSg2(x)-(Yp - Yid)
Ixo_id

acpQP23(x) = achPB[%] = 3448

stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)

Maq_SLSq(x)-(¥p - Yid) “J - 1592

ocpQPL(x) = o id o*chPQli\E

stress in quasi-permanent load combination at 91 days
(conventional time for enter in use of the structure)

= kp
Aopr(x.t) : |:crp0 -~ (ocpQP2(x) + ocpQP23(x) + cchP?l(x}):l p1000 L : )

&5
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX BJ

RH = 50

t0_adj(t0) = t0

3bc_fem = . im 0.112
(—fem)

Bbc_t_t0(t.t0) = a.[[ = ::j(tt)) + o.oss)‘-(: - t0) + 1]

412

Bde_fem =

= 1.588

3dc_t0(t0) =

0.1 + t0_adi(t0)>>
1
3.5
t0_adj(t0)

35 035
ocm = (—) = 0.813

—fem

3h = min(1.5-hn + 250-acm, 1500-cccm) = 364.374

- ) ]w(tO)

Bdc_t_t0(t.t0) = [m

pde(t,t0) = Bdc_fem-Bdc_RH-Bdc_t0(t0)-Bdc_t_t0(t.t0)
pbe(t,t0) = Bbe_fem-Bbe_t_t0(t.t0)
p(t.t0) = pbe(t.t0) + pde(t.t0)

3 1 i
. ﬂr‘l—'

(days.23) [
‘pl(days 9D1E -

@(t.2) = 3.034

0 1 1 1
0 5x10° 1x10* 1.5x10*

days
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[IME-DEPENDENT LOSSES OF PRESTRESS (§7.64) |

—£cs-Ep - 0.8-Aopr(x.t) + %-(o’chPl{;}-@{t.l) + ocpQP23(x)- (t.23) + ocpQP91(x)-p(t.91))
Aop_csr(x.t) =

i Ep Ap tot -[1 A .-'\c (Yp- Yid]l}{l i w(t.2)-ocpQP2(x) + p(1.23).ocpQP23(x) + @(t.9l)-o-chP91(x)J
Eem Ac Ixoidcls \ acpQP2(x) + ocpQP23(x) + ocpQPII(x)

prestress losses following §(7.35)
NOTE: a weighed creep coefficient was considered accounting for the 3 load phases previously introduced

opm(x.t) = opl - —EE‘—;—-{cchPl(x) + ocpQP23(x) + ocpQPI1(x)) + Aop_csr(x.t) prestress considering immediate and delayed losses
cr;.)trni(E .355-50}
il S % 0.843 expected residual prestress ratio after 50 years of life with respect to initial
op0 ’ expected residual strain after 50 years of life with respect to initial
| —.363-30 |- A 8.778 lf)5
S Pl Bt N residual prestress force after 50 years of life

Np_tot =4 N initial prestress force

6.7 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

Hiot ip s

N(e_sup.0) = Z (ocfe(y;._sup.0)) by} Ay) + Z 1ap{sgdpj.s_sup.9}+epmj'}.,\pj} + z 1as|s{dsi.e_sup.B_]}-.—ks}.}
i=1 jo=it juet
Htot P is

M(s_sup.0) = z ]:m:{iq}'i.s_sup_B'”vb{yi]-z_\y.{yi_ VG]:I + Z [up{stdpj.s_sw.ﬂ" + é'pmj}-.-\.p}-{apj - }-G}] - Z [o's{é’ldsj.E_sup.@”-_—\sj.]dsj - }ﬁﬂ
i=1 j=1 j=1

Design external axial load

NS =-0
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Moment-curvature [kKNm]

I
300}
2001 \
|
i
1001
|
|
I .
0
0 5%107° 110"
9:
0 P
HI:):_'____‘_'_,__._._._,_-—'
-~ 100F -
i
o ;
Y 00F R =
- 300f E
- 40 . -20 0 20 40

— oc| el ¥;.€_SUPcmes. Bemes) ) . — el €] Vi €_SUPcrmes. Bemea) ) . (— €[ ¥i- E_SUPemeg - Beamea)- 1000)

Condition at resisting (peak) moment
(stress and strain)
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i

. | A—
] :
- 100F y 0
-y
=Yi
—_}’g_ 200F b ! ot
-300f / E
-40 -20 0 20 40

~ 0c{e(i-€_SUPcamug. Bcmag) -~ 9ol €(¥i-€_0Pcmus- Ocenag) - (— €(¥i€_5UPeamos. Ocmuc)1000)

Condition at final computed step
(stress and strain)

6.8 Bending moment distribution

~gl = 135 partial safety coefficient for self-weight structural loads
~g2 =135 partial safety coefficient for non-structural certain dead loads
~q =15 partial safety coefficient for live loads or non-structural uncertain dead loads
2
Mg ULS(x) = (gl~ygl + g2~e2 + q-ﬂgq}-[%-x - :7] moment distribution at Ultimate Limit State (ULS) fund. al load bination following a uniformally distributed load q
- -/

( 2
Mg SLSr(x) = (gl + 22 + q}-: —l:-x- LI moment distribution at Serviceability Limit State (SLS) rare load combination following a unif lly distributed load q

\2 i 1) Ipt = 906.996
Mq SLSF(3) = (g1 + 22+ !I'i-q)-:il;'-: i xT] moment distnbution at Senviceability Limit State (SLS) frequent load combination following a uniformally distributed load q

{ 2

Mgq_SLSqp(x) = (gl + g2 + h2-q)-| E-x - xT] moment distribution at Seniceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load g

LN
Sl

L
Ma SR =@+ 2| 33- T " s

at bility Limit State (SLS) permanent load combination following a uniformally distributed load q

%+

ot L .opmix.t)-Ap_tot-(Yp — Tid.}ﬂ

Mp_SLS(x) = if] x < Ipt.opm(x.t):Ap_tot-(Yp - Yid)-é _ﬂ‘[: > L - Ipt.opm(xz.t)-Ap_tot-(Yp — Yid)-

contribution of prestressing equivalent load in SLS (without modification factors)
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ACTING MOMENT [kNm]
200
-Mgq ULS@) 100
10°
—Mq SLSr(1)
———
10
- Mq SLSqp(i)
1° _y00
Mp_SLS(1)
10°
-200
-300 -
0 210° 4x10° 6x10° 8x10°
i
distance from support [mm]

6.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

90
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S

vertical displacement [mm]

v_inf_p(x) =

v_inf gp(x) =

v_inf r(x) =

— v_inst_ULS(D)

—v_inf r(i)

- v_inf qp(i)
=v_inf_p(i)

-40

v_SLSg1(x)-(p(t.2) — @(t.23)) + v_SLSg2(x)-(1 + (t.23))

1.05
deflection profile at 50 years including creep for permanent load combination
v_SLSgl(x)-(p(t.2) - ¢(t.23)) + v_SLSg2(x)-(p(t.23) — p(t.91)) + v_SLSqp(x)-(1 + (t.91))
1.05
deflection profile at 50 years including creep for quasi permanent load combination

v_SLSgI(x)-(p(t.2) - ¢(t.23)) + v_SLSg2(x)-((t.23) — @(t.91)) + v_SLSqp(x)-¢(t.91) + v_SLSr(x)

1.05
deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE

40

0 2x10° 4x10° 6x10° 8x10°
i

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (8§9.3.4)

{LY L : :
v_inf rf = | = -17.037 < — =334 maximum deflection
e (L) R
values calculated from differential equations above
v ﬂlf_P{I:) =-221 = L a5 - maximum camber
i o 230
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SLS STRESS CONTROL (89.2.1)

kKl =046 rsup = 103
=045 prestressing madification coefficients
L pinf = 0.95
L= Np_tot = 1.042 » 10°
k=1
B=08 0.75 in EN1992-1-1:2002

NOTE: the denomination of the allowable stress coefficients following k factors was kept similar to that of EN1992-1-1:2002
—Np tot-rsup  [Mg SL5gl(x} — rsup -Np_tot-(Yp — ¥id)]-(Htot — Yid)

Aid Ixo_id aepgl_bot{lptl) = -
elastic stress of bottom concrete chord for selfweight loads only

acpgl bot(x) =

—Np_tot-rsup | [Mq 8L8g1{x)} — rsup -Np_tot-(Yp — Yid)]-(-Yid)
Add Ixo_id
elastic stress of top concrete chord for selfweight loads only

Es | —Np_totssup [Mg SLSglix) — rsup-Np tot-{ip — Yid}]-[ ds.l = Yid}:|

acpzl_top(x) = acpzl_top{lptl) = .

aepgl tops(x) = —

aepzl tops(lptl) =
Ecm Aid Lo _1d epel_tops(ipt])

elastic stress of top series of mild steel for selfweight loads only

—Np_tot: Mg SL3f(x) — -Np_tot-(Yp — Yid)]-(Htot — Yid i

aopf bot(x) = p_tf it [Mq_ e L _t £ g M acpf boti — | = -5.
Aid Ixo_id )

elastic stress of bottom concrete chord for frequent load combination

—Np_tot: Mg SLS - -Np_tot-{Yp — Yid)]-(Htot — Yid i

aopt bot(x) = p_tf it g SLeG) = xoup Nie 10 _{ . L ) ocpr boti — | =—1.
Aid Ixo_id )

elastic stress of bottom concrete chord for rare load combination aepr_bot{lptl) = -1
—Np_tot-rinf Mg SLE —nnf -Np_tot-{Yp — Yid)]-(—Tid) E

aopr_top{x} = p_? + Mg SEarn p_.o (p M) aopr_top) — = —4
Aid Lo id )

elastic stress of top concrete chord for rare load combination
i St i . [MMgq SLS#(x) — rsup-Np_tot-(Yp — Yid}]-{dpjp - 11"id}:|

Aid Ixo_id
creep stress of bottom prestressing steel for rare load combination

i
oocpr pl — | = 1203
L2

aopt pix} = opm{x.t)-tsup + 1i-|:

—Np_tot-rsup

| =318

[Mg SLEr{x) — rsup-Np_tot-{Yp — Yid}]-[ds.s — Yid| P
4 acpr_si

acpt_s(x) = 13-|:

SR
|

Aid Ixo_id

creep stress of bottom mild steel for rare load combination
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LINIJIL= 1= 1. UVLE
2
oepgl_bot(lptl) = —20.153 > ki-Pee(2)” fek = -18.733 [EHECK
> K2-fck = -20.25 not compulsory in environment XC
cepgl_top(iptl) = 2.959 < fetmj(2) = 2731
ocpgl_tops(lptl) = 6.77 < K3-fsk = 400
- ~
ocpf_bot | = 5703 < fotm = 3.795 EHECK
L -
Ucpr_bo{ 3) = -1926 < fotm = 3.795
cepr_bot(lptl) = —16.362 > klfek =27 EHECK
> 04fem =-212
O'cpf_top(%) = -4.481 > Kklfek =27 EHECKH
> 04fem = -212
(L 3 3
ocpe_p| 3 | = 1205 10 < KSfptk = 1488 x 10 EHECK
crcpr_s{%} = -31.868 < i3fsk = 400 EHECK

SLS CRACK CONTROL (§9.2.3)
¢_act == Htot - ds, -10=20

ksurf = mu-{ cact )=1
10+cmmdms

whm_cal = 0.2-ksurf = 0.2 mm

w freq=0 < wim_cal =02  |[CHECH
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6.10 ULS checks
ULS BENDING-AXIAL CONTROL (§8.1)
Mq_UI.S(%]
Mrd = 3136 kNm > _ NEA
108

70743 [EHEGH

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§8.2)

Y ULSG) = [(ghvet + 8292+ a1 - x)
d = Yp = 255 mm

VEd = Vq ULS(d) = 1.153x 10° N

av=13

bw =320 mm

z:=09-d=2295

VEd
bw-z
Diower =16 mm

TEd = = 157 MPa

shear action distribution at Ultimate Limit State (ULS)

effective depth of cross-section

design shear action at control section at distance d from support
safety factor for initial shear check

design web width

conventional lever arm of internal stress resultants

equivalent mean acting shear stress on control cross-section

maximum aggregate diameter following assumed mix design

R
ddg = m{ﬂ{-&k > 60,16 + Dlowet-{%) 16 + Dlowe{|.-l€] =32  size parameter
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MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§8.2.2)

, 1 “fok ddg

TRdc =— §(8.20

e J (fptd - opm(x.1)) d S
TRdc_min(d) = 0.841 MPa not checked with Ed -> detailed evaluation is mandatory following §8.2.1
pl(x) = if| x < Ipt2, —— Sp st 3 lf{x >L-lpt2, Ap et »+L : Ap—m]] longitudinal geometric reinforcement ratio §(8.28)

bwd B2’ | bw-d Ip2  bw-d
ep = Yp - Yid = 162.787 mm eccentricity of prestressing
acs_0(x) = max{w_d) §(8.30) accounting for comments in §8.2 2(5)
= Vq ULS(x)

035 ( d} Ac Ac
k() = mm[m G L ep+ ;]-w_z.o.ls-wz] §(8.34)

av_0(x) = {ﬂ??-(-ﬂ-d §(8.29) accounting for comments in §8.2.2(5)

0.66 ddg ]
Rdc_0(x) = — | 100-pl(x)-—fck- §(8.33)
TRde_0(x) P ( pl(x)—fc v (),

[P I

1

( acs 0(3)] ,2.7-Rde_0(x) §(8.35)

TRdcmax() = min 215-7Rde 0| 5
oop(3) = opm(s. -2 §(8.33)

TRdc(x) = max(min(TRde_0(x) + k1(x)-oep(x) . TRdcmax(x)) . TRdc_min(x)) §(8.32)
Vrd(x) = bw-z-TRdc(x)

SHEAR RESISTANCE FROM SUPPORT WITHOUT SHEAR REINFORCEMENT

s
n
x
bt
(=]
Ar
T
1

shear action |'N'|
v -t
2

3x10° 4x10°

0 1x10° 2x10
i

distance from support [mm]
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MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§8.2.3)

Ov = atun(%] = 0.464 rad angle of inclination of concrete compressed strut
' NOTE: steel grade B500A is used

v=03 §8.2.3(6)
oed = TEd-(cot(Ov) + tan(Bv)) = 3926 MPa < y.—fed = 15453 MPa EHECK §(8.44)
fywd = fsd = 454.545 MPa design yield stress of shear reinforcement steel
62
Asw = 4 :‘ = 113.097 mm2 area of transverse shear reinforcement
sl =190 mm spacing of transverse reinforcement (constant throughout the member)
TRd_sy = %-fywdcot(ﬁv) =1691 MPa > 1Ed=157 MPa - §(8.42)
W-S

MOMENT DIAGRAM ACCOUNTING DUE TO SHEAR RESISTING MECHANISM (§12.3.2)
a3 =1 fatigue check not required

2-02-03{5»:1 = a‘pm{% tD '

tbpd = Ipt2 + . -dp = 1.558 x 10 mm  §1352

15 nl -\,l (—fck)

MRA(x) = if[x <ip2 Mea- TR0 X o thod Med Mg P00 | _(o1pD) (oo, Mrd-m):ﬂ
fptd i ptd  (lbpd - Ipt2) \ fptd
= z-(@) =295

- WLULS{%] Mq UL d
MEd(x) = if| x> = - al, 2) Mq ULS(x + round(2))
2 106 106
400, : : : |
300
MEd(D)
— 200
MRaw
100

ol
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MINIMUM REINFORCEMENT (§12.2)
kh = if[0.8 - 0.6-(min(bw Htot) — 0.3) < 0.5.0.5.if[0.8 — 0.6-(min(bw .Htot) - 0.3) > 0.8.0.8.0.8 — 0.6-(min(bw .Htot) — 0.3)]] = 0.5 §9.2.2(2)
fct_eff = fetm

As_min_wl = O.Z-kh-fctﬁeﬂ“% =233331  mm2 Ap_tot+ As_tot- As =059  mm2  [DHEOH  §02)
T
sup Np_tot- CE= T4 (oo Npfotusup)  Toid _o0ip < Md=3136  kNm [CHEGH §(12.1)
10 \ Aid - (Htot - Yia)-10
$2=190 < 075d=19125 ERECH §12.1
pw_min = o w 186 107 > 008 YK _ 1 073x 1073 EHECK §(12.4)
- s2-bw fsk

Ved(x) = max(TRd_sy-bw-z,Vrd(x))

§

2x10 T T T T
1.5x10°F -

Vq_ULS(D)
e 1=x10°
Vrd(i)

5x10*

c - - -
0 1x10° 2x10° 3x10° 410°
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—
1

CHECK OF SUPPORT MILD REBARS

MEd(0) = 27.414 Nmm 4

"
L < [4-ﬁ‘£}fsd‘0.9-— = §3.898
o_zs,md[-] = 67.686 Nmm §12.1(4) ’ 10°
2 area of support mild steel

MRd(x) = if[x < 400-0.9:1-#-[4-7:-%) + MRd(x).l\aiRd(x)J

10

400 T T T T

0 1x10° 2x10° 3x10° 4x10°

ANCHORAGE (§11.4)

kb = 50
kep =1 for good bond conditions

]
no = —

cs =50
ex =75

cy =40

£d(d) = min(0.5-¢cs.cx.cy.3.75-¢) cd(12) = 25

b |
U-Jlo-o

WI.—-

_ £sd\ (25 \" (&) (150 '
i L m"“q"d"[m) 'L-fck} 'kzo) Lcd(d:)) G

1bd(16) = 579.319
length of straight part for 90° bent bars

1690(h) = max(70.1bd(¢b) - 15-¢b.10-db)
1b90(12) = 161872  1b90(16) = 339.319

length of straight part for 135° bent bars (stirrups)

1b135(ch) = max(30.1bd(dp) — 15-.5-¢)
1b135(12) = 161.872  1b135(8) = 50

98
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SHEAR AT THE WEB-FLANGE INTERFACE (§8.2.5)

i a Mgq ULS] —] = 2.031x 10 l\rI-J, = 2118 x 10
Ax= < =220x10° \4
80 1
AFd = Z [a’c{e‘yi.e_supT_B?]}-z-tGO-A}" - Z [as‘e(dsj.E_sup-}.,e.,,n-.*\.sj] - 864x10°
j=1 j=1
of = 0.462

R 6 T o 1,108
= S
edfl_we = TEdl_we-(cot(0f) + tan(0f)) = 2765 <  vfed = 15453 |[OHEGK compressed strut

2

Asf = 2-7:-% +m-— =84823 mm*2 transverse horizontal reinforcement
sf =200 mm spacing of transverse horizontal reinforcement
fsd 2.051
Asf— = 192.78 > " TEdfl_we- = 13647+ [CHECK
sf 2.118 ~ cot(bf)
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dlcconsulting

6.11 Fire checks

X

o 0

Do 001

o 00T

Do 00€

Jo 007

Do 008

Jo 009

o 00L

Do 008

Do 006

Jo 0001

T(°C)
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41

41

50

79 | 90 | 100

100

119

138

151

159

30

50

58

96 (100130

153

176

201

219

230

55

35

61

71

131|162|201

299

346

374

388

39

75

67

67

75

88

206 (271|343

427

323

91

81

B1

91

110

354|463 | 581

100

95

95

100

162

139

100

100

139

161

111

111

161

267

180

132

132

180

298

197

148

148

197

320

215

163

163

213

339

238

185

185

362

273

220

220

273

394

329

280

280

329

427

384

384

427

528

601

a7l

a7l

601

672

811

811

849

ﬁusw

101

708

622

667

681

68
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+My

+N

A

AN

7

N

N:1sp=380.00kN; M:1sp=22.00kN'm

Nz =
My+ =
My-=

0.00 kN

100.34 kN-m
-10.53 kN'm
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7 Hollowcore element -EN1992-1:2004

7.1 Shop drawings

-
STholfinche” L= 0050,
END DETAIL [ 1:5)
SDEVIEW (1:30)
Ja0
(3
g = EN 1992-1:2004
-
] n
TOP VIEW (1:30)
END DETAR 30
Pﬁ::‘: BIBM Fegerotion of the European Arecos’ Concrete ndustry
Gede  HOLIOW CORE SLAE EN 1992-1:2004
iy shest
END DETAIL3D (1 :15) dle..... blbm‘ e ‘mmbe, 1of 2
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Thumlznail Part Number Gy Wass lotcl mass @
”
o (]} 4 8B4 3536 16
-
Tetal magss rebars [kl S 354 Incidencs kgim 145
EThalt Inchie L= #0130 & 559 39554 127 mm
Tataimess srands [kg]l 39,598 [Incidencs kgjme 1247 I ]
Tolal s of sheel kel Can ] [Carcrele volume Tl [1224 |
|Cast i st i | or | [
|1c'1c|, concrete [mé | 2144 |

P BIBM  fecertor af te Sunapean Fracast Conarste bobaiy

Code HOLLOW CORE SLAB EN 1992-1:2004

die..... ‘bfbrn‘ e

S el
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7.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr=(0 425 1061 106.11 18941 240 240.1 265)°

Htot := max(y_tr)  maximum depth
Width of corresponding chord:

b tr = 4(582 578 398 1128 1243 378 598 600)

r_circ = 126 radius of central void pipe

x_cire(y) = J!Jr_t:in':2 -(y- 1150)2

b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — 5-x_circ(y)

b(y) = if(y € 106.1 A y 2 425 b _circ(y).b_lin(y))

yd = 0. Htot b(0) = 2328 x 10°
Geometry
0 I_ .

53
vd 106
e condensed 1D geometry plot
¥ 50

212

-2x10° -1x10° 0 1x10° 2x10°

- b(yd) byd)
o) Y

u = 2400-2 + Htot-2 + 10-160-7 = 1.036 x 10J mm exposed perimeter
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Prestressing reinforcement
Area of a single strand: nominal strand diameter
Ap0 = 93 ¢p =127 mm  nominal strand diameter 27 mm 05
1524 mm 0.6
Depth of prestressing strands from upper chord:
dp = (180 230 220)T
Area of strands at each depth:
- (6. ; AadyT i .
Mo (iiat Tiab ) 0.75-1860 = 1.395 x 10° 0.9-0.9-1860 = 1.507 x 10°
apl = 1400 MPa
oprec = (0.4-0p0 1.0p0 a-pO)T initial prestressing

perdite = 0-(1 1 l)T in percentual % (losses are introduced later)

ip = rows(Ap) p=3
k=1.jp
[( 100 - perdﬂek):' (560
oo, = gprec, | ————— 2
. k 100 co=|14x10°
r L14x 10°
Ap_tot = Z Apy Ap tot= 1116 x 10°
k=1
ypmax = max(dp) ypmax = 230
P
Np_tot = Ap, -ao_ ||
kgl (( il Np_tot = 1.562 x 106 N total prestressing initial force
P
Y. (dpAp ooy
Yp = k= _i = 220 mm centre of gravity of prestressing
P
Y (Apgooy)
k=1
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7.3 Material constitutive laws employed in the calculation

0_
acle)- 10
occ(e)
o -
- 30
- 40
2.046x10°
1.023x10°
op(e) 0

- 1.023x10°

-2.046x10°

-4x107° -2x1073
E
) ) ) I T
1 1 1 1 1
-0.02 -001 0 0.01 0.02
£
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7.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION
Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Htot 5
Ac:= J‘ b(y) dy Ac=3.163x 10

0

Ap tot -3 . . —— .

pp = _x- =3529x 10 geometric ratio for longitudinal prestressing tendons

AcC
ptot = Ai-mt =3529%10 3 total geometric ratio for longitudinal reinforcement

Ac

First moment of the concrete area

Htot =
Syc = j b(y)-ydy Syc = 3878 x 10’
0
Centre of mass of the concrete area
Syc

vG = = vG = 122619
Ac

Second moment of the concrete area

Htot .

Ixo_cls = _[ b(y)(y-yG) dy  Ixo_cls = 2.799 x 10°
(i}

Global area of all prestressing reinforcement

Area tr= |s< 0 Area_tr= 1.116 x 103

for xe 1. jp

s(—.-\px+s

First moment of the area referred to prestressing reinforcement only

P
5
Sxp = Z (Ap,-dp,) Sxp = 2.455 x 10

i=]

Centre of gravity of prestressing

Sxp
Yp= Yp =220
Area_tr »

Idealisation coefficients (elastic)

Ep P
np = —— = 5374
p B np
S = E_s ns = 3512
M Eem
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Area of ideal cross-section

P
Aid = Ac+ (np - 1)- Z Ap; Aid = 3212 10°
j=1
First moment of the reinforced concrete area
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) Sxid = 3.985 x 107
Centre of mass of the reinforced concrete area
Yid = % Yid = 124.099
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot ]P
2 P
Ixoidcls = J’ b(y)-(y - Yid) dy - Z I:.-\.pi-|dpi - Yid) ]
0 =
i=1
Second moment of the prestressing reinforcement area
P .
Ixoidprec = npz |:Api-[dpi - Yid) :l
i=1
Second moment of the idealised reinforced concrete area
Iro_id = Ixoidels + Ixoidprec o id = 2844 x 10°  mmMd :"—':‘ = 1.016
o_cls

109



7
dlc Sansuiting BIBM EC2 project - calculation report {j'b

7.5 Loads

interaxis = 2400 mm

gl = Ac-0.000025 = 7.907 kN/m dead load from self-weight
5 3. IRERTS _ 48 KN/m nonstructural dead load
1000
g uES _uy A live load
k= 8850 mm calculation length (span between supports)

P2 =03 non-contemporaneity factor for quasi-permanent load combination

Pl =05 non-contemporaneity factor for frequent load combination

( 2
Mq_SLSgl(x) = (gl)-L%-x - x? SLS bending moment distribution from self-weight load
( 2
Mgq_SLSg2(x) = (gz)-'ké-x - % SLS bending moment distribution from nonstructural dead load

2
Mq_SLSq(x) = (q-an)Ai\-llex - -’-;-] SLS bending moment distribution from live load

7.6 Prestressing transfer and time-dependent behaviour

[TRANSFER OF PRESTRESS (§8.10.2.2)

ol =1 gradual release of prestressing

o2 =019 for 7-wire strands

opm0 = opl = 1.4 x 10° MPa initial prestressing

npl =32 for 7-wire strands

nl=1 in favourable position

fbpt = npl-nl-fetdj(2) = 3.51 MPa equivalent constant bond stress at prestress realease following §(8.15)
lpt = %-d}p = 962.587 mm basic value of the transmission length following §(8.16)

Iptl := 0.8lpt = 770.069 mm lower-bound transfer length following §(8.17)

Ipt2 = 1.2:1pt = 1.155 x 1('13 mm upper-bound transfer length following §(8.18)
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@/)‘B}“n

Prestress losses

I'ln:=2-£=
u

0.65
Ees = —— =
1000

p1000 := 0.025

kp = 0.16

t=150-365=1

acpQP2(x) =

61.076 mm

65%10 3

for class 2 (low-relaxation) tendons following §3.3.2(5)

$5x10° days  Life span

acpQP23(x) =

ocpQPo1(x) =

Aopr(x.t) =

~Np_tot _ [Mq SLSgl(x) — Np_tot-(Yp - Yid))-(¥p - Yid)
Aid Ixo_id

stress in quasi-permanent load combination at 2 days

(conventional equivalent time for prestressing release)

Mgq_SLSg2(x)-(Yp - Yid)
Ixo_id
stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)

o’chPZ':’(%) = 1.585

Maq_SLSq(x)-(Yp - Yid)
Ixo_id
stress in quasi-permanent load combination at 91 days
(conventional time for enter in use of the structure)

[o-po - EA(crchPl(x) + acpQP23(x) + cchPQl(x))}-plOOO{ﬂJkp
Eem 1000

111

shrinkage strain assumed as a result of laboratory tests on the specific concrete mix employed

o'chPZ{-IZ:) =-7.307 MPa

MPa

crchPQl{ %) =0713 MPa
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

h0 = .'!2 = 61.076

mm
u
RH = 50 % relative humid
t0_T(0) = t0
a=1 for cement class R

€0_mod(t0) = m{tﬁ_’l’(tﬂ)-l( .
L2+ 0 Te)"

35 0.7
acl :=( . ) = 0.748
=icm
e 202
o = (_;—5) = 092
cm
0.5
ocl = (;—5) = 0.813
=icm

notional size of the member

ity

o |

1

¥

t0_mod(2) = 6.189

Bh = if] —fem > 35, min 151 + (0.012:RE) 8] 00 + 250-0c3, 1500-axc3 ) min 1.5-[ 1 + (0.012:RD) €] 00 + 250, 1500]| = 204783

1

BO(t0) = =
0.1 + t0_mod(t0)

[ t=10_mod(t0)
| Bh + t - t0_mod(t0)

Be(t,t0) =

)0.3

16.8
~fem

(3fcm = = 2308

==

100
0.1 310
p0(t0) = PRH:fcm-3t0(t0)
@(t.10) = p0(t0)-Bc(t. 10)

@RH = if| —fem > 35,| 1 + el

RH

T
= 1.794

o.:-’:{m

o2, 1 +

o(t.2) = 2676 #(t.91) = 1.595

ﬂays_z) IF _________________ y
pdays. ) f — — — — — —
ﬁtiays.m)lll- i
0 L - L
0 5x10° 1x10* 1.5x10%

days
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[MME-DEPENDENT LOSSES OF PRESTRESS (§5.10.6)|

—£cs-Ep - 0.8-Aopr(x.t) + %‘({TCPQPI{E}-@(LE} + acpQP23(x)-p(t.23) + ocpQP91(x)-p(t.91))

Aop_esr(x.) = Ep Ap tot Ac . e @(t.2)-ocpQP2(x) + p(t.23)-ocpQP23(x) + p(t.91)-ccpQPI1(x)
R Mo i = (Yp- Yid)"|-{ 1+ 08- =
idcls acpQP2(x) + acpQP23(x) + acpQPo1(x)

Ecm Ac
prestress losses following §(5.46)

NOTE: a weighed creep coefficient was considered accounting for the 3 load phases previously introduced
opm(x.t) = opl - %-(O'CPQPE{;) + ocpQP23(x) + ocpQPI1(x)) + Acop_csr(x.t)  prestress considering immediate and delayed losses

c-pv{l—‘ .36560}
2

5 = 0.842 expected residual prestress ratio after 50 years of life with respect to initial
ap

(L
crpm.\; ,365-50

Bpol = ———= £p0  expected residual strain after 50 years of life with respect to initial
op

Np_tot = 1.562 x 10°

apmf-lzl .36550]-;\1: tot = 1.315 x 106 residual prestress force after 50 years of life
\ i

7.7 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

Htot P
N(e_sup.0) = Z (oc(e(y;.c_sup.8))-b(y.)-Ay) + Z [Gp(E'dpj.E_SLqJ.ﬂ) + Epmj]-:\.pj]
i=1 =

Htot P
M(e_sup.0) = z I:o'c(e|yi_e_sup.Bn-b‘}'i]-A}h[yi - yGU - Z [ap{e[dpj.e_sup,ﬁ) +epm, ]-.—\pj-[dpj - yG[I
i=1 j=1

Design external axial load
NS =-0
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Moment-curvature [kKNm]

-—-"'-'--'—-'-—'—_—_—————

M_EL !
10° 200HH
M _EI p, '
10° !
100
|
|
0
0 2%10™° 4x107° 6x107° 8x10™°
HC
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. . J
/ —-———""—"_'-_‘—.-‘
—-t:,"'"_"'_‘———_‘_-

- y —— 100' . k|
=%Yi
=Yi

- 200 =

=20 -10 0 10 20 30 40

- oc|&( y;.€_SUPemed- Vemea) ) . — o] €{ ¥i. € _SUPcmeg- Oemea) ) - [ — €l Vi E_SUPcmed. Ocmeg) - 1000)

Condition at resisting (peak) moment
(stress and strain)

7.8 Bending moment distribution

~gl =135 partial safety coefficient for self-weight structural loads
g2 =135 partial safety coefficient for non-structural certain dead loads
~q =13 partial safety coefficient for live loads or non-structural uncertain dead loads

{’ L x:
Mg ULS(x) = (gl-vgl + 2422 + g-vq)| i ) moment distribution at Ultimate Limit State (ULS) fund: | load combination following a unif lly distributed load g
Mg SLSe(x) = (gl + g2+ q)-:. ‘]-_--x . moment distribution at Seniceability Limit State (SLS) rare load combination following a unif lly distributed load g

\2 2
2 Ipt = 962587

4

Ma_SLSE(s) = (g1 + &2 + #1-9) %_x - :?] moment distribution at Serviceability Limit State (SLS) frequent load ga y load q
f L 2
Mq_SLSqp(x) = (gl + g2 + }2-q)| Zx- "3] fistribution at Seniceability Limit State (SLS) quasi f t load combi following a uniformally distributed load g
-'I'L ::

Ma i = (a1 + 5‘1’)'}\5" = ?] moment distribution at Senviceability Limit State (SLS) permanent load combination following a uniformally distributed load q

Mp_SLS(x) = if| x < Ipt.opm(x,365-50)-Ap_tot-(¥p — m)-é .il'l:x > L - Ipt,opm(x, 365-50)- Ap_tot-(Yp — Tid)--j;—?tl'.opm(:.lﬁs-sﬂ)-.‘\.p_to!-(‘.l'p— st)ﬂ

il C ion of prest ing equivalent load in SLS {without medification factors)
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ACTING MOMENT [kNm]
200
-Mgq ULS@) 100
10°
—Mq SLSr(1)
———
10
- Mq SLSqp(i)
1° _y00
Mp_SLS(1)
10°
-200
-300 -
0 210° 4x10° 6x10° 8x10°
i
distance from support [mm]

7.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:
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v_inf_p(x) = v_SLSg1(x)-(p(365-50.2) — p(365-50,23)) + v_SLSg2(x)-(1 + p(365-50.23))
deflection profile at 50 years including creep for permanent load combination
v_inf_qp(x) = v_SLSgl(x)-(¢(365-50.2) — (365-50.23)) + v_SLSg2(x)-(:p(365-50.23) — p(365-50.91)) + v_SLSqp(x)-(1 + ¢(365-50.91))

deflection profile at 50 years including creep for quasi permanent load combination
v_inf_r(x) = v_SLSgl(x)-(p(365-50,2) — p(365-50.23)) + v_SLSg2(x)-(1p(365-50.23) — (365-50.91)) + v_SLSqp(x)-p(365-50.91) + v_SLSr(x)

deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE

20,

10 - m i = it == -
E
E - v_inst_ULS()
E —v_inf £(i)
i atgpn O
=
E -v_inf p(i)
E

-10

0 2x10° 4x10° 6x10° 8x10°
i
distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)

v_inf__r[%) =-2185 < ﬁ =354 BEEGR  maximum deflection
‘-_m[g),:_m > o [EEEBH  maximum camber
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o M / = 3 7
cnom_p = cmin_p + Ac_dev = 3675 mm cnom_p + % =431

SLS STRESS CONTROL (§7.2)

kl =06 rsup = 1.05

K2 =045 prestressing modification coefficients

3 =08 nnf = 0.95

k=1

k5 =075

—_—e -Np_tot-rsup " [Mq_SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)

Aid Ixo_id
elastic stress of bottom concrete chord for selfweight loads only

—Np_tot-rsup  [Mgq SLSgl(x) — rsup-Np_tot-(¥p — Yid)]-(-Yid)

acpgl top(x) =
cpel_top(x) Aid Ixo_id

elastic stress of top concrete chord for selfweight loads only
=Np_tot-rsup . [Mgq_SLSf(x) — rsup-Np_tot-(Yp — Yid)]-(Htot - Yid)
Aid Ixo_id
elastic stress of bottom concrete chord for frequent load combination
=Np_tot-rsup & [Mgq_SLSr(x) = rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)

acpf_bot(x) =

acpr_bot(x) = = ===
elastic stress of bottom concrete chord for rare load combination
...N - ~\‘ - ‘,‘\! (N _ Vi v
oepr_top(x) = p_totinf  [Mq SLSt(x) — rinf Np_tot-(¥p - Yid)] (-Yid)

Aid Ixo_id
elastic stress of top concrete chord for rare load combination

- Mgq_SLSr(x) — rsup-Np_tot-(Yp - Yid)]-(dp, - Yid)
~Np_tot-rs [Mq = )
acpr_p(x) = opm(x.t)-rsup + 15-|: p-'-\id = & = P

creep stress of bottom prestressing steel for rare load combination
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ocpgl_bot(lptl) = —11.684
acpgl_top(lptl) = 0.683

c'cpf__bot( L] = -4.993
\2
o-cpr__bo{ %] =-3247

ccpr_top[g] = -6.9135

o’cpr_p(%) = 1.18 x l{]3

acpgl_bot(lptl) = -11.684
ocpgl_top(lptl) = 0.683
ccpf_bo{ %J =-4993

acpr bol{%} = -3.247

ccpt_top(%} = 6915

crcpf_p(%] =118 x 10°

> kl(femj(2) + 8) = -13.573 [EHECK

> K2-fek = -20.25

< fotmj(2) = 2.193

not compulsory in environment XC

if not the element is assumed to be cracked after transfer of prestressing

< fetm = 3.795

< fetm = 3.795

> kl-fck = =27

> 0.4-fom = =212

< KSfptk=1395x10°  [BHEGK
> Kl(femj(2) + 8) = -13.573 [EHEGH

> K2-fck = -20.25

< fotmj(2) = 2.193

not compulsory in environment XC

if not the element is assumed to be cracked after transfer of prestressing

< fctm = 3.795

< fctm = 3.795

> kl-fck = =27
> 0.4-fom = =212

< kS-fptk = 1.395 x 10°
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SLS CRACK CONTROL (8§7.3)

¢_act = Htot - dpjp - 10=135

ksurf = mﬁ.s.i) i3
L 10 + cmin_dur_s

wiim_cal = 022 mm

w freq=0 < wim_cal =02  |[CHECH

7.10 ULS checks
ULS BENDING-AXIAL CONTROL (§6.1)
Mq_ULS{E)
Mrd = 387.63 > ————== = 7368 EHECK
10

resisting moment calculated from moment-curvature diagram above
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ULS SHEAR CONTROL (§6.2)

Vq_ULS(x) = |(gl“‘ggl +g2~ngd + q-*;q){% - x] shear distribution at Ultimate Limit State (ULS)

d=Yp=220 mm effective depth
VEd = Vq ULS(d) = 1.175 x 105 N maximum shear at effective depth from support
web width

bw =400 mm

o B R TR conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§6.2.2)

L of Ap tot x _f Ap tot —=x+L Ap tot
pI(x) = mm[om-lka < bﬂ-m'ﬁ -fo >L-lpt2, bwd B0 bwd reinforcement ratio

Ap tot

acp(x) = opm(x.t)- MPa axial load induced by prestressing

‘200 acp(lpt2) = 4.102 MPa  after full transfer
kv =min 1+ —.2)= 1.909
\ d
klv = 0.15
0.18

~cpered

Crde = = 0.129

3 1
=

-
vmin = 0.035-k ~-(~fck) © = 0.61 §6.3N bw-d-erc-h--u

(vmin + klv-o¢

3 | s

VRdc(x) = moﬂ:&dc-kv-(lw-pl(x)-—fck) + klv-o-cp(x)]-bw-d.(tm + I:Iv-o-cp(x))-bw-dj| §6.2.a+§6.2.b
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—-— —_— - (T ——
VRde_HC(x) = 20dbw chm: s ,l)-crcp(x)-fctd i

A \ipt2 VRde_HC(1000) = 9.175 x 10 N for hollow core members (§6.4)
bw_add = 1864 ~mm web width considering that 2 holes per end in a single HC member are filled with C30_37 concrete

fotd €30 37 = 1448 MPa design tensile strength of class C30_37 concrete

VRdc_HC_mod(x) = VRde_HC(x) + W- Jmu_cso_;:z + m{é _1]-0:;(;)-5:«1_(:39_37 modified shear resistance formula accounting for the hole filling
VRde HC(x) = if (x < 1100.VRde_HC mod(x).VRde_HC(x)) actual shear resistance distribution assuming the filling stops at 1.1 m
3= 105 T T T T
VU0 0t g K o
Vrd(D) o : S
. T LTI .
VRée_HC() 1x10° e - =
= mJCrd:-h--c 100-p(d).~fck) .muul + {Lﬁ_‘;ﬂ 8 m!l[Crdc-h'-(l
0 1 1 1
0 1x10° 2:10° 310’ 4107
i
NOTE: the calculation above does account for the prescriptions included in EN1992-1-1:2004 only,
neglecting those contained in the product standard EN1168:2005+A3:2011
MOMENT DIAGRAM ACCOUNTING FOR PRESTRESSING TRANSFER
np2 =12
fopd = np2-1-fetd = 2277 MPa given fck < 60 MPa
o&.[ﬁptd - a'pm(% D )
d=1lp2 + = 22 .gp = 1.698 x 107 mm
lbpd = Ip fopd bp x
MRAGY) = i x < Ipt2, Mg PR 36530) X of | o od Mird Mra. PR0PO36530) | G-BD) (0 xﬁd-—ml"a‘365'5")}
fprd  po fptd (Topd - 1pt2) | pd

MEA(x) = HLULS®)

400

300
ME4(D)

.\»ma(s)‘w
o

n
v

0 1x10° 210° 3x10° 4x10°

NOTE: no bending moment diagram translation was introduced, since the member is designed to not crack in shear,
and not following the typical resistance mechanism for beam members not provided with transverse reinforcement
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MINIMUM REINFORCEMENT

bt = b(Htot) = 24 x 10° §9.1N

§9.21.1(3)
'lf' a Jl" a

Asmin = max o.za--ff";—"-m-a.o.ools-b:-d] =1002x10° mm2 < pli%)-.-\c= sonx10’ mm2  [BHEGH < o00tAc=1265x10° |EHEGH
A 5! y 2

CHECK OF SUPPORT MILD REBARS (§9.2.1.4(1))

( 2
125-Mrd = 96.907 kNm < |an2E 500932 - 150956 EHECH
(" 16
area of support mild steel
ANCHORAGE (§8.4)
=1
2= Vq_ULS(0) = 1237 x 10°

fod = 225-n1-n2-fetd_C30_37 = 3238

b fsd
torgd(9) = T

alb =1
alb=1
odb =1
odb =1
aSh =1

Ibd(dh) = alb-a2b-a3b-odb-asb-lbrgd(d)

= 34870

P
Ibd(16) = 358.067 M;:")
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7.11 Fire checks

Il

!
T
T,

1000°C

T(°C)
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=
b

Els|2|B|3
b R

=
=

E|E(E|S|8|n|8|g|8|3|a|B

E
i EHEEE

H
g

g
e

H
HEEE
=
o
=
| & |
i

170165 16ze)

106 188 163 | 18079

[nl!l;mmﬂq”_

mﬂlﬂ!mwm

213267 262|257 {252 248 |24fay

302 298 293 | 268 [ 284 [280 |27 | 278475

334|331 328 324 [320 316313310 | 0840

369|369 366 363 360 [356 [353 [350 348 [347ie7

409]410] 409 508 405| 402 [399 | 396 | 394 |92 [ 39031

454|457 a5 458 | ass| 434] 452 |049 |07 |44 |40 | saniez

508 508 508 | 08 | 08 507 507 | 506 | 505 [ 504 08| 513|513 516|513 514 512] 509 | 07| 05 | 303 | 302 | 302400
581|381 581 |s8a s8] 380|579 578 578 | 578 379 | 581 | sv2 | suz | k2| swo| 59| 577 |57 |73 572 | 571 | st
661 661 661 | 661 650 | 60 660 639 | 38 | 658 30 99 0| 30 as0| e8| 36| 635 633 652 |61 |40 |sasda
751|751 [751 [751 | 750 750 750 748 | 148|740 48 740 40| 74 748 747 4 e [ a4 |43 |42 [t [
us1 851 [#51 a1 w51 [ms1 w51 o1 o0 w50 ] aso | so| so| so| ss0| sa0] sas] was [sas [8e7 847 |sas | neales
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+My
J_.-‘H"‘-..
*,/T L
\‘k\.
f/ \Ek\
A \*
£ e

.

3 }

k! 7

S

N:1sp=81.00kN; M:1sp=5.00kN'-m

Nz = 0.00kN
My+= 2486 kN-m
My-=  -1.69kN'm
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8 Hollowcore element - FprEN1992-1:2022

8.1 Shop drawings

7
= = C
T o inche L= wa0f | ] 2 i i :
= = e = 220 EMDVIEW [1:5) T hall inche" L=0020

END DETAIL (1 25) )

2030

é
;
265

SIDEVIEW [ 1:30)

FprEN 1992-1:2022

TOPVIEW (1:30|

ENDI DETAL 30
Pleect BIBM  Federation ot furcpaan Brecost Conarsie hausiy

Sode . HOLLOW CORE SLAB FrEN 1992-1:2022

END DETAILID {1:15)

die..... ‘b}'bm‘ e ‘nﬁ‘:;;, 1of2
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Thumbral Port Mumber QT Mass | Totdl mass &
v
o
> o 4 547 3788 Térrm
‘_/
Total mass rebars (kg am Ineldencs ka/m* 177
SThalf inche" L=5030 4 6559 33594 127.mmy
Tofal mazs strande I_kgjl 37 594 llnc‘dencs ka/m* 18,47 I |
| Totalmass oi slee [kg',l | 43 38 | |Cor-cret5 volume [’ | 1,224 |
[Costin sty [met [ o]
[fetd cencrete m' | 2144 |

Frojmart

BIBM

name

Fedenxtar of tne Furopsan Precort Concrete noety

Code HOLLOW CORE SLAB FprEN 1992-1:2022

AUICIGED
INVERTUR

die....... ‘bt"bm‘

sheet
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8.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr=(0 425 1061 106.11 18941 240 240.1 265)°
Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = 4-(582 578 398 112.8 1243 378 598 600)T
r_circ == 126 radius of central void pipe

x_circ(y) = EJr_ciﬂ:2 = {y- l&l:l)2

b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr y) — 5-x_circ(y)

b(y) = if(y < 106.1 A vy > 42.5.b_circ(y).b_lin(y))

yd,= 0. Hot b(0) = 2328 x 10°

T 1

53 P
yd 106
— condensed 1D geometry plot
¥ 5o

212

-2x10° -1x10° 0  1x10° 2x10°

- b(yd) byd)
2 32

u = 2400-2 + Htot-2 + 10-160-7 = 1.036 x 104 mm exposed perimeter
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GEOMETRY
Concrete

Depth from upper chord

y tr=(0 425 1061 106.11 18941 240 240.1 265)F

Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr =4-(582 578 398 112.8 1243 378 598 GOO)T
r_circ == 126 radius of central void pipe

o el B e <l R

b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — 5-x_circ(y)

b(y) = if(y < 106.1 A y > 42.5.b_circ(y).b_lin(y))

yd, = 0. Hot b(0) = 2328 x 10°
Geometry
0 L /u
53 _\\ /
yd 106
— condensed 1D geometry plot
¥ 5o
212 _/) Kx
[ ]
-2x10° -1x10° 0 1x10° 2x10°
- b(yd) b(yd)
2 T2

u = 2400-2 + Htot-2 + 10-160-7 = 1.036 x 104 mm

exposed perimeter
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8.3 Material constitutive laws employed in the calculation
T I I 1
0- - —
ac(e)- 10f =
acc(g)
0 -20r =
—30F =
- 40 1 1 1 1
- 4x107° -3x107° -2x107° -1x1072 0 x107
1
2.046x10° ; . :
1.023x10°f
ap(e) ofF—
- 1.023x10°F
5 e 3 ] ] 1
2N -0.02 0 0.02
£
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8.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION

Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Hitot 5

Ac = J’ b(y) dy Ac=3163x 10
0

Ap_tot -3 ’ . _ .
= —— = 3520 x 10 geometric ratio for longitudinal prestressing tendons

Ac

ptot = Ai—wt =3520x%x10 g total geometric ratio for longitudinal reinforcement

Ac

First moment of the concrete area

Htot 5
Syc = '[ b(y)-ydy Syc = 3878 x 10°
0

Centre of mass of the concrete area
o vG = 122,619
Ac

Second moment of the concrete area

Htot R

Ixo_cls = j b(¥)(y-vG) dy  Ixo_cls=2799x 10°
0

Global area of all prestressing reinforcement

Area tr= |s« 0 Area_tr = 1116 x 10°

for xe1l.jp

s<—Apx+s

First moment of the area referred to prestressing reinforcement only

P
Sxp = Z (Ap, dp,) Sxp = 2.455 x 10°

i=1

Centre of gravity of prestressing

Sxp .
Yp= Yp =220
Area_tr "

Idealisation coefficients (elastic)

Ep
=— = 5.465
np Eem np
ns = E_s ns = 5.605
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Area of ideal cross-section
P 5
Aid = Ac + (np - 1)- Z .-\pj Aid = 3213 x 10
i=1
First moment of the reinforced concrete area
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) Sxid = 3.988 x 10’
Centre of mass of the reinforced concrete area
Sxid
Yid = o Yid = 124.129
Aid
Second moment of the concrete area subtracting the effect of reinforcement
Htot P
2 g\ 2
Ixoidels = j b(y)-(y - Yid) dy - Z I:.-i.p{[(ipi - hd) }
0 :
1=1
Second moment of the prestressing reinforcement area
ip ;
Ixoidprec = npz [:.-\.pi-[dpi - Yid) ]
i=1
Second moment of the idealised reinforced concrete area
. 5 . . Ixo_id
Ixo_id = Ixoidcls + Ixoidprec Ixo_id = 2.845 x l{)9 mm*4 21C w1017
Ixo_cls
8.5 Loads
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8.6 Prestressing transfer and time-dependent behaviour

[TRANSFER OF PRESTRESS (§13.5.3)

al =1 gradual release of prestressing

o2 = 026 for 7-wire strands
opm0 = op0 = 1.4 x 107

nl =1 in favourable position
~e al-o2-cpm0

t=—- .
B 1S D -

Iptl = 0.8lpt = 725.597 mm lower-bound transfer length following §(13.6)

= 906.996 mm  basic value of the transmission length following §(13.4)

Ipt2 = 1.2-lpt = 1.088 x 103 mm upper-bound transfer length following §(13.7)

hn = Z-éE = 61.076
u
- 200
0.79 + —(hn 200)

7 (0.75 - 0.79) = 0.809
Ml (500 - 200)

0.65 -4
o 1000 “EIx 0 shrinkage strain assumed as a result of laboratory tests on the specific concrete mix employed

p1000 = 0.025 for class 2 (low-relaxation) tendons
kp = 0.16
t=50365=185x 10" days  Life span

-Np_tot _ [Mq_SLSgl(x) - Np_tot-(¥p - Yid)]-(Yp - ¥id)
Aid Ixo_id

ocpQP2(x) = crchP!{%} = -7.302

stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)

i s
epQP23(s) = chSLngcx}_(\p Yid) a'chP23( £)= 581
Ixo_id \2

stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)

Mq_SLSq(x)-(Yp - Yid)
Ixo_id

acpQP1(x) = ochPQli[%) =0.713

stress in quasi-permanent load combination at 91 days
(conventional time for enter in use of the structure)

£\kP
Acpr(x.t) = [apo * %-(o@Qn(x) + aepQP23(x) + GCPQPS'l(x))}PIOOO'{f:—o;)
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B

RH = 50
t0_adj(t0) = t0
Bbe fom = — 0 0412 Bbe_t_t0(t.t0) = e{[ ol 0035]‘-(:- t0) + 1]
- (—fem)®’ - t0_adj(t0)
12

Bdc_fem =

S = 1.388
(=fem)

: i)

3dc_RH =

Bdc_t0(t0) =

02
0.1 + t0_adj(t0) -
1
35

T0_adi(0)

35 0.3
acm = [—} = 0.813

—fem

N(t0) =

23+

Bh = min(1.5-hn + 250-acm, 1500-acm) = 294.774

~(t0)

pde(t. t0) == Bdc_fem-Bde_RH-(3dc_t0(t0)-Bdc_t_t0(t.t0)
pbe(t,0) = Bbe_fem-Bbe_t_t0(t, t0)
P(t.10) = pbe(t.0) + de(t, t0)
@(t.2) = 3312 PE) = LG22

o(days,2) ’ﬁ—-

E‘h}'sﬁl)l;j'

0 1 1 1
0 5x10° 1x10* 1.5x10*

days
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[IME-DEPENDENT LOSSES OF PRESTRESS (§7.64) |

—£cs-Ep - 0.8-Aopr(x.t) + E—p-(ochPl(x)-np(t.lj + ocpQP23(x)- p(t.23) + aocpQPI1(x)-p(t.91))
Ecm
Aop_csr(x,t) =

{4 Ep Ap tot . (Yp - ¥i d): ( e 9(t.2)-ocpQP2(624) + p(t.23)-ccpQP23(624) + Lp(t.glj-o‘chPS’l(ISZ-i)]
Eem Ac Ixoidels ’ \ ’ acpQP2(624) + ocpQP23(624) + acpQPR1(624)
prestress losses following §(7.35)

NOTE: a weighed creep coefficient was considered accounting for the 3 load phases previously introduced

opm(x.t) = opl - %-(o’ch??.{x) + acpQP23(x) + ocpQPIL(x)) + _csr(x.t)

_

— = 0.829
0

prestress considering immediate and delayed losses

expected residual prestress ratio after 50 years of life with respect to initial

ot
epm = T -€p0

expected residual strain after 50 years of life with respect to initial

f
cpm.gx]ﬁp_tot = 1295 x 10° N residual prestress force after 50 years of life

Np_tot = 1.562 x 106 N initial prestress force
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8.7 Non-linear moment-curvature diagram

Moment-curvature [kKNm]

5%107° 1x10
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0 /’)
_‘:___-—-—F"—"
-¥i~ 1001 .
=¥i
=¥
=200 -
-40 -20 0 20 40

- 0| €[ ¥i.€_SUPcme- Oemes) ) . — OCc| €[ Vi €_SUPcmes- Ocenea) ) - — €[ Vi- €_SUPcenes- Beemea) - 1000)

Condition at resisting (peak) moment
(stress and strain)

8.8 Bending moment distribution

~gl = 135 partial safety coefficient for self-weight structural loads
gl = 135 partial safety coefficient for non-structural certain dead loads
qg= 13 partial safety coefficient for live loads or non-structural uncertain dead loads
# 2
Mq ULS(x) = (gl-ygl + g2~vg2 + q-‘gq}-! %-; - ‘? ’ moment distribution at Ultimate Limit State (ULS) fund tal load bil following a uniformally distributed load q
4 2 : 3 A :
. x moment distribution at Seniceability Limit State (SLS) rare load combination following a uniformally distributed load q

Mq SLSe(x) = (gl + g2+ q}".\ S ?]

.'r L x: moment distribution at Senviceability Limit State (SLS) frequent load combination following a uniformally distributed load g
Mq SLSf(x) = (gl + g2 + Pl-q){ —x= —

\2 2 Ipt=4
Mq_SLSqp(x) = (g1 + g2 + 2 q}[% s %] moment distribution at Senviceability Limit State (SLS) quasi p load ¢ on following a uniformally distributed load g

moment distribution at Senviceability Limit State (SLS) permanent load combination following a uniformally distributed load q

Mp_SLS(x) = if| x < Ipt.opm{x.t}- Ap_tot-(Yp — Yld}-é_' x2 L - Ipt.opm(x.t)-Ap_tot-(Yp - \1{1)-%.0@:.(}-.@_{“(\@ - ﬁd}ﬂ

ion of prest ing equivalent load in SLS (without modification factors)
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ACTING MOMENT [kNm]
200
-Mgq ULS@) 100
10°
—Mq SLSr(1)
———
10
- Mq SLSqp(i)
1° _y00
Mp_SLS(1)
10°
-200
-300 -
0 210° 4x10° 6x10° 8x10°
i
distance from support [mm]

8.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:
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) v_SLSgl(x)-(p(t.2) - \p(t.Z?)o)j-i- v_SLSg2(x)-(1 + (t,23))
deflection profile at 50 years including creep for permanent load combination
) 5 v_SLSgl(x)-(p(t.2) - @(t.23)) + \'_SLSgZ(x)-l(Oupj(t.ZS) - @(t,91)) + v_SLSqp(x)-(1 + (t.91))

deflection profile at 50 years including creep for quasi permanent load combination

vl v_SLSgl(x)-(p(t.2) — @(t.23)) + v_SLSg2(x)-((t.23) — (t.91)) + v_SLSqp(x)-p(t.91) + v_SLSr(x)
EE RANE = 1.05

deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE

£ —v_inst_ULSG)
g v inf 1(d)
-__%__ - v_inf_qp(i)
= -v_inf p(i)
2 -

4

-10

4x10° 6x10° 8x10°
;

distance from support [mm]
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SLS STRESS CONTROL (§9.2.1)

k1 =06 rsup = 1.05

k2 =045 prestressing modification coefficients

. finf = 0.95

i Np_tot = 1.562 x 10°
ki=1

K5 =08 0.75 in EN1992-1-1:2002
NOTE: the denomination of the allowable stress coefficients following k factors was kept similar to that of EN1992-1-1:2002

—Np_tot-rsup _ [Mq SLSgl(x) - rsup-Np_tot-(Yp - Yid)]-(Htot — Yid)
Aid Ixo_id acpgl_bot(lptl) = I

ocpgl_bot(x) =

elastic stress of bottom concrete chord for selfweight loads only

—Np_tot-rsup " [Mq_SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-(-Yid)
Aid Ixo_id

elastic stress of top concrete chord for selfiveight loads only

acpgl_top(x) = ocpgl_top(lptl) = 0.

—Np_t?t-rsnp 4 [Mq_ SLSf(x) - rsup-Np_tot'-(Yp - Yid)]-(Htot — Yid) G {E] —_—
Aid Ixo_id 2

elastic stress of bottom concrete chord for frequent load combination

ocpf_bot(x) =

—Np_tot-rsup " [Mq_SLSr(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
Aid Ixo_id
elastic stress of bottom concrete chord for rare load combination
—.-\?p_tf)t-rinf . Mg SLSe(x) - rinf-Np_fot-(Yp - Yid)]-(-Yid) Ucpr_wp(&) —
Aid Ixo_1d 2
elastic stress of top concrete chord for rare load combination
Np_totrsup _ [Mq_SLSt(x) - rsup-Np_tot-(Yp - Yid)]( dp;, - Yid)
Aid Ixo_id
creep stress of bottom prestressing steel for rare load combination

ocpr_bot(x) =

crcpr_bot{%) ==-32

ocpr_top(x) =

ocpr_p(x) = opm(x.t)-rsup + 15-[ ocpr_p{%) = 1.161 »

-
=

oepgl_bot(iptl) = ~11.74 > Klfee(d)” fok = -18.733 [EHECH
> Kfck = -2025

cepgl_top(iptl) = 0.739 < fetmj(2) = 2731

m:pf_bot( %) = —4989 < fotm = 3.795 EHECK
chr_bot{%J =-3244 < fetm = 3.795

crcpr_top{%) = 6915 > kifek = =27 EHECK

> 0.4fcm = =212

L -
a‘cpr_p(z] = 1161 x 10° < iSfptk=148x10°  [EHEGH
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SLS CRACK CONTROL (§9.2.3)

t .= Htot— dp. — 10=35
c_ac o dpjp 3

Ksuif = m{l.s‘$) =13

10 + cmin_dur_s

whm_cal = 0.2-ksurf = 0.3 mm

w_freq=0 < whm_cal =03  [CHECH

8.10 ULS checks
ULS BENDING-AXIAL CONTROL (§8.1)
Mq_ULS(gJ
Mrd = 380.537 > —sk = 27368 EHECK
10
resisting moment calculated from moment-curvature diagram above
ULS SHEAR CONTROL (§8.2)

Vq ULS(x) = [(gl-ygl + g2g2 + q"]q_){% - ;) shear action distribution at Ultimate Limit State (ULS)

d=Yp=220 mm effective depth of cross-section

. = 5 . ’ . .
VEd = Vq ULS(d) = 1.175x 10 N design shear action at control section at distance d from support
v =13 safety factor for initial shear check
bw =400 mm design web width
z:=09d=198 conventional lever arm of internal stress resultants

VEd . . ;
7Ed = e 1.484 MPa equivalent mean acting shear stress on control cross-section

w-zZ

Diower == 16 mm maximum aggregate diameter following assumed mix design

,
ddg = uﬁ{ﬂ{—fck > 60.16 + Dlowet-(%) (16 + Dlowe{|.40} =32 size parameter
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MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§8.2.2)
NOTE: not proper for hollowcore members unless provided by additional longitudinal end reinforcement

' 1 —fck ddg

Rde_min(x) = — | ——8M8M8 . —= 8.20

AR J (fptd - opm(z.0) d -

TRdc_min(d) = 0.913 MPa not checked with TEd -> detailed evaluation is mandatory following §8.2.1
ol Ap tot x [ Ap tot -x+L Ap tot'D s g :

1(x) = if| 2, == — if x> L-lp2 ——. == longitudinal geometric reinforcement ratio §(8.28

L e S T il el el s o o $6.28)

ep=Yp-Yid=95871 mm eccentricity of prestressing

s 003 = maxfw_d) §(8.30) accounting for comments in §8.2.2(5)

- \ Vg ULS(x)

05 d) Ac Ac
=mi # - 018 — 8.34
R m{acs_o(x} [ep i 3} bw-z e bwvz:l § )

av_0(x) = {%m-d §(8.29) accounting for comments in §8.2.2(5)

1
3
TRdc_0(x) = w-(lﬂ(}pl(x)-—fck- ddg ] §(8.33)
NV av_((d)
1
6
TRdemax(x) = mi 2.15-7Rdc_0(x}{%0(x)} .2.7-7Rde_0(x) §(8.35)

ocp(s) = opm(s. -2 §(8.33)
TRdc(x) = max(min(TRde_0(x) + k1(x)-ocp(x) ., TRdcmax(x)) . TRdc_min(x)) §(8.32)

Vrd(x) = bw-z-TRdc(x)

; acs(x) = acs_0(x) av(:
3=10 T T T T

i 4 . TPO(X.D)-

kvp(x) : mm.]\l - —\-'q_Ul

5 ‘_."._“'
Vg ULS() 2107 -

el 1x10°F -
i Vrd_2(x) = bw-z- w

i

2x10° 3x10° 4x10°
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FRECAST SYITEMS DESIGN AND TECHNOLOGY

SHEAR RESISTANCE OF PRECAST MEMBERS WITHOUT SHEAR REINFORCEMENT (§13.5.5)

. Sxd
TE4_HO() = Vq_ULS(x) bwioid  TEdHC(0) =433 MPa

3
\2

cpmm_:)-i'fil { opm(0.t) --A‘-‘E,I N
olEd(x) = L SEPR R - + 7Ed_HC(x)™
) 2 oIEA(1000) = 6359  MPa < ford = 1518 mra  [EHEER
. Ap_tot hollow core members only
aepis) o= opmls. O — arepi() = 397
x X
N r — M = Nj — i Yp - Yid) [-(v - Yi
J p_totienp Ip22 [ 1a ULS(3) - esup Np_tot Ip2 op m)} - Yid) ~Np_tot-rsup  [Mq ULS(x) - rsup Np_tot-(¥p - Yid)]-(y - Yid)
oiEd(x,y) = Lx < Ipt2, = + = . - + =
Aid Ixo_id Aid Ixo_id
¥ ¥ ¥ ¥ ]
J biy) dy [ biy)-(vG - ¥) dy-{vG - Yp) j biv) dy [ biy)-(yG - v} dy-(¥G - Yp)
= 3 T il 1 |senopa] T DR L |70 L csupopm £ ].f\P—m
Tep(r.¥) L” Iy <Y “B(Y) Ae Ino_cls D 4 mxz't] Iptt b(y) Ac Ixo_cls _I“"p a & Iptl 19
j b (G- 3) dy from EN116800:2005+A3:2011

TEd %x.y} = Tep(x.y) + Vig_ULS(x)- 8 Bo_ e b(3)

olEd_HC(x,y) = w + J[ m]‘ + 1Ed_HO(x.y) §(13.12)
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G I 1
53k -
' 106 -
L
Y 159 R
1) o =
1 1 1 1
0 0.6 12 18 24 3
o1Ed_HC(4,y).o1E4 HC(Iptl.y) .o 1E4_HC(0.y)
3 1) T 1 1
fetd 2-.\ .
IR BRI | X s s snvsaiians s nsi i v s
o1Ed HC(i.220) \ fotd = 1.518
— = 1 =
L L W [——
0 1x10°  2x10°  3x10°  4x10°

1
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Al

fetd 2F
(o1Bd HOG 108)) |- Nucinnnnnnnnnnnninsnsssssnssasanss

olEd_HC(i.220) i fetd = 1.518

L 1 | T——
v
0 1«10 2100 3x10°  4x10°
i
NOTE: the hollowcore element is not checked at all control sections, hence two holes per end are filled with cast-in-situ concrete

and threaded-end rebars are screwed into threaded sockets embedded in the proper positions while casting the beam elements.
This is also done in order to provide a mechanical slab-to-beam connection useful for robustness criteria and diaphragm action.

bw_add = 186-4 mm
fetd_C30_37 = 1448 MPa

rdt(x) = if{x < 600, Vrd(x) + %-bw_add-d-fctd_c30_37. -'rd(x))
- ]

4x10° - . .
Vq ULS() 3x10°
Vrd(1)
Vrdt(i)

2x10°

1o’

0

MINIMUM REINFORCEMENT (§12.2)

kh = if[0.8 — 0.6-(min(bw .Htot) — 0.3) < 0.5,0.5.if[0.8 — 0.6-(min(bw ,Htot) — 0.3) > 0.8.0.8,0.8 — 0.6-(min(bw .Htot) — 0.3)]] = 0.5 §9.2.2(2)
fet_eff = fctm

As_min_w1 = oz-m-fct_eﬂ'-ﬁ =240078 mm2 Ap_tot = 1116 x 10° mm2  [EHECH §(9.2)
S
fsup ';\'P_tot-w + {fctm - ‘\P-::::sup ) he s =337.067 < Mrd = 380537 kNm  [HEGH  §(12.1)
10

(Htot — Yid)-10
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ANCHORAGE (§11.4)
kb = 50

kep = for good bond conditions

Rlw

S4(0) = min(05-cs,cx.cy.3750) 410 _ 2

1bd(16) =

length of straight part for 90° bent bars

1690(dh) = max(70.1bd(b) — 15-¢p.10-h)
1b90(12) = 161872  1b90(16) = 339319

length of straight part for 135° bent bars (stirrups)

1b135(c) = max(50.1bd(dp) — 15-b.5-¢)
1b135(12) = 161872  1b135(8) = 50
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8.11 Fire checks

. sEEREEENNNNENNENEEEEAESRARERERE

1000 °C
900°C

T(°C)
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ot

N X L

N
3 :
7

X i

NEED

Lt

N:1sp=81.00kN; M:1sp=5.00kN'm

My-= -1.69kN-m
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9 Lattice girder element -EN1992-1:2004

9.1 Shop drawings

b s | NEIS,
L3 5| —
£50
+ -
7 wh T i
dEND DFIA}%: 10) @ BO VBN {1:10) T2 ovad
END DETAIL az

| EC
! | ap ™

SIDEVIEW | 1:25)

EN 1992-1:2004

2400

TOPVIEW | 1:25)

’r"::?“' BIBM Fecernfion of the Furnpean Pracat Conmrefa ndirfy

o

Se3= LATTICE GIRDER EN 1992-1:2004

e ES heet
dlec...... ‘blbm‘ T A ‘nf,:;, 1 of 2
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Thumbnal Part Mumber ary Moszs letalmozs. @ @ lengitudingl  potter ] @ tronsverze pottenn L
"
(Et] .0 i gl BIAZE0 24 mm
r
(<) 45 047 ?I8PD  12mm
| 4 7T 76 12mm
Tatal mass rebars [¢gj g8 Ta3.85 meldenae kgim 104 78 I
MELS 61354 82355 & m 150 iy & rnm S0mmi
4
Tolall moss weldsd-iwire-meshss feg 4234 rokiencs kgiim amn I
TR_B7 &0 4 2a743 114972
Total mass erands (<] 114572 | rcioencakaime 1698 | |
Total massof steel [« 40,77 | || onerete vome [mif | 1.4 I
| Cast in sty ] [ sm |
[Tt zancrets [ e

Concrefe Industry

FOET BIBM  resemtonor e furopean recas

Code | ATTICE GIRDER EN 1992-1:2004

die........ ‘hfbm‘ I s

shest

number 20f2
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9.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y_tr = (0 330)T
Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (2400 2400)T
r_circ =0 radius of central void pipe
2 ( Heot)?
x_circ(y) = 2jr_citc‘ - E y- _o)
\ 2 .
b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

b(y) = i:l{y < {@ + r_circ) Ay2 % . r_circ.b_circ(y).b_lin(y)]

m:s 0.. Htot

Geometry

o

yd 132
— condensed 1D geometry plot

¥ 108

264 .................. —

-210° -1x10° 0 1x10° 2x10°
- blyd) blyd)

“
- -

u = 2400-2 = 4.8 x 103 exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

-
-

¢ -x
4

Ald) =

Distance of rebars from upper chord

ds = (30 255 280 295)

314.159
- 0
As = (#A(10) 0-A(10) 8:A(10) 20:A24)" =| o0a0
3
is, = rows(As) js =4 19.048 x 10
dsmax = max(ds) dsmax = 295
js -~
As_tot = Z As, =999 10° mm2 total mild reinforcement area
1=1 As_tot = 0014
2400-300

Nierraticatinn nf the rracce_cortinn
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9.3 Material constitutive laws employed in the calculation

~4x1073 -2x10"

10
0
acl(e)
- 10
ac(s)
0 -20
-30
-40
500
e ¢
- 500

-0.05 0 0.05
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9.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION
Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Htot s
Ac = J b(y) dy Ac=792x10

0

As_tot . ; _— ; .

ps = _\— = 0.013 geometric ratio for longitudinal mild reinforcement

Ac

As_tot z : ; i ;
ptot = _\— = 0.013 total geometric ratio for longitudinal reinforcement

Ac

First moment of the concrete area
Htot g
Syc = J b(y)-ydy Syc= 1307 x 10
0

Centre of mass of the concrete area

PO . ¥G = 165
Ac

Second moment of the concrete area

Htot =
Ixo_cls = J b(y)-(y - y6) " dy Ixo_cls = 7.187 x 10°
0
Idealisation coefficients (elastic)
Eem?2
ns = . ns = 5.512 ne = = 0.868
MW Eeml Eeml
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Area of ideal cross-section

265 Htot is 5
Aid = I nc-b(y) dy + J‘ b(y) dy + (ns - 1)- Z As. Aid = 7.504 x 10
0 266 . )

- J = 1

First moment of the reinforced concrete area

265 js
Sxid = Ac-yG + (nc - 1)‘J' b(y)-ydy + (ns - 1)- Z [.-\sj‘dsj] - 1324 x 10° Sxid = 1324 x 10°
]
Centre of mass of the reinforced concrete area
Yid = Sm;d Yid = 176.429
Aid

Second moment of the concrete area subtracting the effect of reinforcement

Htot 265 js

b ] 5 ]
Ixoidels = J' b(y)-(y - Yid)“ dy - J b(y)-(y - Yid)“ dy - Z [Asj-(dsj % Yid]‘] =2201x 10°
0 0 ol
J =
Second moment of the mild reinforcement area
Js 5 265 .
Ixoidlenta = ns- Z [Asj-{ ds; - Yid)‘] Ixoidcls2 = nc-J b(y)-(y - Yid)“ dy
j=1 ’

Second moment of the idealised reinforced concrete area

; ; ; . . 9 Ixo_id
Ixo_id = Ixoidcls + Ixoidlenta + Ixoidcls2 Ixo id = 727 x 10 mm*4 —— = 1.011

o_cls
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9.5 Loads
LOADS

interaxis = 2400 mm

gl = Ac-0.000025 = 19.8 kN/m dead load from self-weight

=48 kN/m nonstructural dead load

=72 kN/m live load

L =885 mm calculation length (span between supports)
P2 =03 non-contemporaneity factor for quasi-permanent load combination

Pl =03 non-contemporaneity factor for frequent load combination

"
Mq _SLSgl(x) = (gl)-[%-x - %) SLS bending moment distribution from self-weight load

( 2
Mq_SLSg2(x) = (gl)-L%-x - % SLS bending moment distribution from nonstructural dead load
2
Mq_SLSq(x) = (q-ljgz)-[%-x - %J SLS bending moment distribution from live load
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9.6 Time-dependent behaviour

PETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

h0 = 2-:\—‘: = 165 mm notional size of the member
U

RH = 50 % relative humidity

t0_T(t0) = 0

a=1 for cement class R

o
t0_mod(t0) = to_r(co)f — 1) Jes
l\z + 10_T(e0) t0_mod(2) = 6.189

: 0.7

ocl = { ;5 1) = 0.748
~fem
{

{3h = if| ~fem1 > 35.mir[l.5v[1 + (0.012-R1-I)18]-h0 + 250-ac3. 1500-&1:3]..:&:.[1.5'[1 + (0,012-R!{)18]-h0 + 250.1500]] = 450.684
1
Bt0(t0) = =
0.1 + t0_mod(t0)

03
_ _( t-t0_mod(t) )
fels. ) 5 h + t — t0_mod(t0)

(fcm = 15t = 2308
-.f—fcml
[ .M -
¢RH = if| -fcml > 35.‘ 1+ ‘100 -ocl [-oc2,1 + ‘100 = 1.548
S 8 ) 0.1-3/n0

#0(t0) = (REE Bfem- 3t0(10)
P(t.10) = 0(t0)-Be(t.10)
t = 50-365 = 1.825 x 10°

(t,2) = 2303 W(t.91) = 1372

p(days.2) .
p(days,23) |.--=*" b s
pldays. OD1F E
G L 1 1
0 5x10° 1x10* 1.5x10*

days
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Shrinkage

/. a
BRH = 1_55-{1 - E] } = 135
{ 100

\

femo =10 MPa

adsl 2=4 adsl_1=6
for cement class N for cement class R
ads2_2 = 0.12 ads2_1:=0.11
- ade2 2 222 -cd 1 22t
£cd_0_2 = 085{(220 + 110:0ds1_2)-¢ femo | 1076 pRE = 1131 x 1072 €cd_0_1 = 085{(220 + 110.-0ds1_1)-¢ femo | 1076 arE = 1817 x 1072
kh =089 for h0=175 mm .
R gedl = kheed 0 1=1617x10 ~
£cd2 = kh-ged 02 = 100610 ° p 5
s - gcal = 25(~fckl - 10)-107 " = 8.75x 10
£cal = 25(—fek2 - 10)-10° ~ = 375 x 10 m
. £csl = ccdl + gcal = 1705 x 10
£es) = gcd2 + £cal= 1044 x 10 ~
it is assumed that the shrinkage effect is compensated by the time slot between casting of the precast girder and the slab and proper expansive admixtures
9.7 Non-linear moment-curvature diagram
Equilibrium equations (rotation with respect to the centre of mass of the concrete section)
265 Hiot -]
N{z_sup,0) = Z {m:l{z{yi.i__sup.(i”-b[)'i’-dy} - Z [:crcl{=‘|yi.=‘__sup.9“-1b|_\ri]}-.-l}1 + Z lasle(dsj AE__sup.B”-Asj}
i=1 i=266 j=1
265 Htot s
M(e_sup.b) = Z [crt:l’{&[yi,s_sup,ﬁ}i-b{yi}-;iy-[}'i - yG}:I - Z [crt:qE{}‘i,E_sup,9”-{b|yi”-;3y-|yi - }G}:I - Z [cs{e[dsj,E_sup,()”-.-\sj.-[dsj - yﬁ}]
i=1 i=266 =1

Design external axial load
NS =-0
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Moment-curvature [kNm]

/'

1x10°

2x10”°

3x10™°

1x10~°
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-10 0 10 20 30 40

—ocl| &l ¥i.€_SUPcmed - Bemea) ) . — OC2 € ¥i. €_SUPcmed - Bemea) ) - | — €l Vi €_SUPcrned - Bemen)- 1000)

Condition at resisting (peak) moment
(stress and strain)
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9.8 Bending moment distribution

gl = 1.35 partial safety coefficient for self-weight structural loads
~gl =133 partial safety coefficient for non-structural certain dead loads
~g =13 partial safety coefficient for live loads or non-structural uncertain dead loads
(L 2
Maq _ULS(x) = (gl-ygl + g24g2 + gyq)- Sx- ‘TJ moment distribution at Ultimate Limit State (ULS) fund; | load comb fallowing a uniformally distributed load q
£ \2 2
{ 2
Mq SLSr(x) = (gl + g2 + q}-!L—:—-x - 5’—] moment distribution at Senviceability Limit State (SLS) rare load combination following a unif lly distributed load q
( 2 o : o s : TR
Mq_SLSE(R) = (g1 + g2+ =I'l'q)-l %-x _ xT] at ility Limit State (SLS) freg load g a uniformally load q
Mgq_SLSqp(x) = (gl + g2 +)2-q)| %-x - ‘—:] moment distribution at Seniceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q
- \2 2
2
Mg SLSg)(x) m (gl + 52)-:\3-1- %] at Seniceability Limit State (SLS) p load ¢ following a uniformally distributed load q
i=0.L
ACTING MOMENT [kNm]
- 100}
- Mg ULS(D)
10
_— - 200)
—Maq_SLSe(i)
10°
— Mg SLSqp(i)- 300
10*
= 400
0 2=10° 4x10° 6=10° 810’
i
distance from support [mm]

9.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:
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v_inf p(x) = v_SLSgl(x)-(p(365-50,14) — p(365-50.23)) + v_SLSg2(x)-(1 + p(365-50.23))
deflection profile at 50 years including creep for permanent load combination

v_inf_qp(x) = v_SLSg1(x)-(p(365-50,14) — p(365-50.23)) + v_SLSg2(x)-(p(365-50.23) — p(365-50.91)) + v_SLSqp(x)-(1 + p(365-50,91))
deflection profile at 50 years including creep for quasi permanent load combination

v_inf_r(x) = v_SLSg1(x)-(p(365-50.14) — (365-50.23)) + v_SLS22(x)-(p(365-50.23) — (365-50.91)) + v_SLSqp(x)- ¢(365-50.91) + v_SLSr(x)
deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE

= v_inst_ULSG)
—vinf )
v inf_apl®
vifpd _ 4

vertical displacement [mm]
I

-30 -
0 2x10° 4x10° 6x10° 8x10°

4

distance from support [mm]
SLS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)

camber = 35 mm > Z_T];) =-354 - maximum camber
imposed camber by mould shaping
v_inf_r[%) ~ camber = 32.208 < % =354 - maximum defiection

value calculated from differential equations above
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SLS STRESS CONTROL (§7.2)
kl =06
K2 = 045
K3 =08
ki=1
k5 =075
ool -.\itLSLSfi:l-(iI:tot - Yid) mf_bo{g) - 583 < fetml =3795 ERECK

elastic stress of bottom concrete chord for frequent load combination if not -> cracked

Mq_SLSf(x)-{dsjs - Yid]:’

osf_bot(x) = 15 -
Ixo_id

o-sf_bn:[%] = 67.544

creep stress of bottom reinforcement layer for frequent load combination

M . - Yi )
cropie oy s NSO (Bt~ W) o'cpt_bol{L) - 6577 < fotml = 3795
Ino_id 2
elastic stress of bottom concrete chord for rare load combination
M (-Yi
ocpesop(e) = 2 MLILIO (Vi) o top{ ;| = 6354 > Klfe =13 ERECH
0_i
elastic stress of top concrete chord for rare load combination 2 04-femd = ~132
Mq_SLSr(x)-(ds, - Yid) \
oepr_s(x) = 151[ - ‘d” acpr_s{;—' | = 6167 < 13fsk = 400 EHECK
0_1 :

creep stress of bottom mild steel for rare load combination
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SLS CRACK CONTROL (§7.3)
¢ act:=Htot—ds. - 10=25
= is

. min.fl.ﬁ.c"—m] =125
\ 10+ cmin_dur s

wlm_cal = 0.2 mm
kle =038 $ =24
K¢ =035

k3c =34

kdc = 0425

cover = Htot — ? -ds. =23

)5
Aceff = b(Htot)-min] 2.5-(Htot — ds. j ‘“—“.H“"]
15 3 2
_As}.s + Asjs—l

eff = ——— = 0.051
e Aceff
smax = k3c-cover + M = 158.595

ppeff

kt=04 NOTE : 0.6 for sustained loading

fcteff = fctml = 3.793

ot vod 5) g -(1 + EE‘ -ppeﬁ') crsf_bot{%)

\2 ppeff eml

= 1.907 x 10

5

Esm_gcm = .0.6-
Es

wk = stmax-esm_ecm = 0.032 < whim_cal = 0.2

9.10 ULS checks

ULS BENDING-AXIAL CONTROL (§6.1)

L
a-ich.s( -)
Mrd = 1.077 x 10° > \

n
resisting moment calculated from moment-curvature diagram above

166

Es

—62 = 430872 EHECK

=2026x 10

4
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ULS SHEAR CONTROL (§6.2)

r L
Vo MLy - |(g“ 16t + g2t ‘1"“0'(3 - ") shear distribution at Ultimate Limit State (ULS)

d= dsjs = 205 mm effective depth

5

VEd = Vq_ULS(d) = 1818 x 10" N maximum shear at effective depth from support

s S0 iR web width

s G B conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT

s
z As.
' J
pl = = = 0.014 reinforcement ratio
bw-d
ocp(x) =0 MPa axial load induced by prestressing

kv = mi:{l + %2) = 1678

kiv = 0.15
Crdc = M3 = 0.129
~cpered
3 1 {
2 2 F . - - ‘]
vmin = 0.035-kv " -(~fck2) © = 0.38 §6.3N bw-d-| Crde-kv

JIH

(vmin + klv-o
VRdc(x) = mnﬂ(:tdc-h'-( 100-pl-—fck2) ™ + klv-acp(x)}-bw-d.(xmm - kh‘vocp(x))-bw-d] §6.2.a+§6.2b

Vrd(x) = VRde(x)

6x 1'05 T T T T

5
Vq ULS() 4x107 -1

.‘.’fd.(i) 2x10° _

G 1 1 1
0 1x10° 2x10 3x10° 4x10°

NOTE: there is no need for transverse reinforcement
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MOMENT DIAGRAM ACCOUNTING FOR MILD STEEL REBAR ANCHORAGE
Mq ULS(x)
10

MEd(x) =

MRA(s) = i x < 639, Mrd- ,Mm)
{ 639

1.53103 T T T T

3 #
MEd() <O fi

N .
MU g !

MINIMUM REINFORCEMENT

bt = b(Htot) = 2.4 x 107

§9.2.1.103)

§9.1N
Asmin = ma:{ﬂlﬁ-ﬁ:l:z -bt‘d,o_wls-ht-d) = 944317 mm2 < pl-Ac = 1118 x 10° mm2  EHEEH < 00sAc-3i68x10°
5l
MINIMUM TRANSVERSE REINFORCEMENT (§9.3.1.12)) for bongihidnal reinforcennent
02-A(24) A1) A .
=~ 0754 < S T o 0754
120 ™ 150 EEER

CHECK OF SUPPORT MILD REBARS (§9.2.1.4(1))

[.. o 250
0.25-Mrd = 269.296 Nmm < Luﬂ'_ £5d-09- 22 — 277,603
4 6
10
ANCHORAGE (§8.4) area of support mild steel
nl=1
n2 =1

fod = 225-m1:72-fctd2 = 2.886

¢ fsd

Ibrqd(¢) = i

alb=1
alb =1
a3b =1
adb =1
aSb =1
Ibd(p) = alb-a2b-a3b-adb-aSb-lbrqd(d])

P EXE T s & ramn

168
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INTERFACE BETWEEN CONCRETES CAST AT DIFFERENT TIME (§6.2.5)

{Jinter = 1

bi == 2400 mm

vEdi(x) = [(inter-

c_inter = 0.4

w=04

M vEdi(0) = 0.306

zbi

c_inter-fetd2 = 0.513

odniter = 15--3'—0 =130 rad

on=10

5

Ainter = bi-265 = 6.36 x 10

p=

10-A(6)
Aint

=4446x 10
er

4

vRdi ;= min[c_inter-fctd2 + p-on + p-fsd-(ji-sin(canter) + cos(odnter)).0.5-v-~fed2] = 0.643

0.6

vEdi() 04

¢_inter-fetd2
SR 02

) o

(=]

0 1x10° 210° 3x10° 4x10°

169
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vEdi(0) = 0.306
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9.11 Fire checks

X': =

1000°C
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dICConsulting

slalala|a|s|a|a|s|z|a|a|a|s|s|a|n|a|s|=|2|e||e|=|(B|2|8|5|2 (2| E|8
g8 s(a(a|a|(a|r(g|&|(R|R|8|s|=s|8(n|a|s|=(%|e(e|e|=|B(RB|] 2 FEES
ge|a(8|s|g|R|(a|8|8(8|8|8|s|(=|n|a|a(s|=|%e|n|e|=|(B|2|8|H 2 ¢ E S
gla|s|g|g|R|R(8|®|&(&(8|a|z|s|n|n|a|a|=|(2|e|lala=B[(S(8(] 2 % & E
g|e(e(r|g|a(g(r|a|r|(r|a|r|z|z|n|alals|z(re(a|e|(cs[B|E|2(H (2 T E 2
g|le(e[s|s|r|r|r|&|r|(r|8|r|z|s|8|n|s(s|z|r|e(a|e|=|(8|2|E|H R F 82
NHmnnnnmnmmnmnnnnnnnxununmmmmﬁmmm
a(ala[a|a|a[alalza|a|ala|z|z|z|a|ala|s|=(=x|2|a(e|(=|2 (2 (B[R B |2 E]2
alalala|z|al|a|a|z|z|alala|=s|z|a|ala|s|=|2|2|a|2|=|2(2|8|8 |8 |2 8|2
a|r|a|a|ala|a|a|z|r|ala|r|a|z|a|a|a|s|=|2|e|a|s|(=|2(2 (B8 |2 |2 (B2
glaja(ala|a|a|r|r|r|ala|z|z|z|a|n|a|s|=|2|2|n|s|=(B[(2 (RG22 B2
®|8|A|A(R|8|R|A|8|”|8|A|A|s|s|R|a|a|s|= |8 e e\ 22|28 (0 5 3 88
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+N

7

£

N

Y/

bt

Ed

=

N:1sp=140.00kN; M:1sp=28.20kN'-m

Nz -
My+=
My-=

0.00 kN
61.24 kN'm
047 kN'm
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10 Lattice girder element - FprEN1992-1:2022

10.1 Shop drawings

{Tm_soa0) gj% @

7 =t
-
530.4 | 1
__.-—. !"* ._:‘_-
@ L P——— @ A TG (Te_gea0)
END DETAR

a5 an
.t
330

SDEVEW [1:25)

FprEN 1992-1:2022

2400

TOP VIEW {1.25|

o BIBM  feciecfion of ihs Burmpean Brecast Cancret Indusry

Code | ATTICE GIRDER FprEN 1992-1:2022

dle...... ‘bl\'bm‘ T s

irmber 1 01 2
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Thum b ril Part Mumber QY Maes Told mass @&
ol 5] 12 SToEds 24 mm
r
L 43 R ByHOE PZmm
=
21 " 77 15540 12 mm
Toigl raagss rebars [kal) 7408 | Incldence kg/m? 4,29
NE1S 2356 E235E
Total mess welde d-nire-meshes kgl 6236 |Incidence kgim® 872
TE.-£750 4 JETLF 114972
Total mass strands lvg;| 14572 Ilr-cicr;nce kgt 18,08 |
| Tolal mass of sleed [ky]] as1 81 | [Tolal concrele volume 7] 141 |
[Fetc costin sity [m?] [ 574 |
|Told vancrels m'] | x5 |

Froject BIBM

name

Federafon of the Eurapean Frecast Conorste indurfry

Cede LATTICE GIRDER FerEN 1992-1:2022

die..... ‘b:vbnv( b

e 2082
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10.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y_tr = (0 330)T
Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (2400 2400)T
r_circ =0 radius of central void pipe
2 ( Heot)?
x_circ(y) = 2jr_citc‘ - E y- _o)
\ 2 .
b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

b(y) = i:l{y < {@ + r_circ) Ay2 % . r_circ.b_circ(y).b_lin(y)]

m:s 0.. Htot

Geometry

o

yd 132
— condensed 1D geometry plot

¥ 108

264 .................. —

-210° -1x10° 0 1x10° 2x10°
- blyd) blyd)

“
- -

u = 2400-2 = 4.8 x 103 exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =
Distance of rebars from upper chord
ds = (30 255 280 205)T

[ 314.159
- 0

As = (4$A(10) 0-A(10) $A(10) 18A29)) =| o0
5, = rows(As) js=4 (8.143 x 10°
dsmax = max(ds) dsmax = 295

Js .
- = - = > -
As_tot:= 3" As; =9.085x 10 As tot _ o3

j=1 2400-300
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10.3 Material constitutive laws employed in the calculation

oF —_ -

acl(e} 10 u
ac2(e)
v | I
s 20

- 30F -

- 40 1 1 - 1 1 1 )

~4x1073 -3x1071 -2x107? -1x1073 0 11073 %1073

E

500

ose) 0

- 500

-0.05 0 0.05
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10.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION
Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Htot s
Ac = J b(y) dy Ac=792x10

0

As_tot . ; _— ; .

ps = _\— = 0.011 geometric ratio for longitudinal mild reinforcement

Ac

As_tot 5 ; o :
ptot = _\— = 0.011 total geometric ratio for longitudinal reinforcement

Ac

First moment of the concrete area
Htot g
Syc = J b(y)-ydy Syc= 1307 x 10
0

Centre of mass of the concrete area

PO . ¥G = 165
Ac

Second moment of the concrete area

Htot =
Ixo_cls = J b(y)-(y - y6) " dy Ixo_cls = 7.187 x 10°
0
Idealisation coefficients (elastic)
Eem?2
ns = . ns = 5.605 ne = = 0.854
MW Eeml Eeml
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Area of ideal cross-section

265 Htot is 5
Aid = I nc-b(y) dy + J‘ b(y) dy + (ns - 1)- Z As. Aid = 7.385 x 10
A )

First moment of the reinforced concrete area

265 js
Sxid = Ac-yG + (nc - 1)‘J' b(y)-ydy + (ns - 1)- Z [.-\sj‘dsj] - 1303 x 10° Sxid = 1303 x 10°
]
Centre of mass of the reinforced concrete area
Yid = Sm;d Yid = 176.411
Aid

Second moment of the concrete area subtracting the effect of reinforcement

Htot 265 js

b ] 5 ]
Ixoidels = J' b(y)-(y - Yid)“ dy - J b(y)-(y - Yid)“ dy - Z [Asj-(dsj % Yid]‘] =214 10°
0 0 ol
J =
Second moment of the mild reinforcement area
Js 5 265 .
Ixoidlenta = ns- Z [Asj-{ ds; - Yid)‘] Ixoidcls2 = nc-J b(y)-(y - Yid)“ dy
j=1 ’

Second moment of the idealised reinforced concrete area

; ; ; . . Q Ixo_id
Ixo_id = Ixoidcls + Ixoidlenta + Ixoidcls2 Ixo_id = 7.157 x 10 mm*4 —— = 0.996

o_cls
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10.5 Loads
interaxis = 2400 mMm
gl = Ac-0.000025 = 19.8 kN/m dead load from self-weight
g2=2 s T kN/m nonstructural dead load

1000
™ i I KN/m live load

1000

L:=28850 mm calculation length (span between supports)
P2 =03 non-contemporaneity factor for quasi-permanent load combination
Pl =035 non-contemporaneity factor for frequent load combination

(=]

( ; T ;

Mq SLSgl(x) = (gl)_]k %_x N xT ) SLS bending moment distribution from self-weight load
ﬁ. . . .

Mq SLS22(x) = ( 32)'1\ %_x_ x? } SLS bending moment distribution from nonstructural dead load

-
rF

X } SLS bending moment distribution from live load

Mg _SLSq(x) = (q-ibl)-{%-x =5
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10.6 Time-dependent behaviour

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

hn = 2-5\—‘: = 330
u
RH = 50

t0_adj(t0) = t0

]
Bbc_feml = L{,« =0112 {Bbe_t_tO(t.t0) = !/w = —ha 0.035) (t-0) + 1]
" \ 10_adi(10) _

4
Bdc_feml = ;2” = 1588
(~fem1)™
RH

g

Bdc_RH = —

3

= (.724

100

Bdc_t0(t0) = :

0 )
0.1 + t0_adj(t0) -

Bh = min(1.5-hn + 250-ccm!. 1500-acml) = 698.159

(t0)
. < t-10) T
Bdc_t_t0(t.t0) : [—& e tO)]

wde(t.t0) = Bdc_feml-Bdc_RH-Bdc_t0(t0)-Bdc_t_t0(t.t0)
\pbe(t. t0) = Bbe_foml-Bbe_t_t0(t. t0)
@(t.10) = pbe(t, t0) + wde(t, t0)

¢ = 50-365 = 1825 x 10° @(t.91) = 1312

@(t.2) = 2615

3 : : :
pldays.2) |~ ‘_
p(days,23) | ..oeeomemommmmreeene
O -

0 L 1 I

0 5*103 lxlf}" 1_5,(104
days
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10.7 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

265 Hiot s
N(e_sup.0) = Z (oe2(e(v,.e_sup.0)) b(y,)-Ay) + z [crcl{a|yi.2_sup.9H-1b|yij}-.-'ly1+ z (os(e(ds; e _sup.6))-As))
i=1 i=266 j=1
265 Htot I
M(e_sup.0) = )" [m:l{s|}'i.s_sup.o}i-b[j.'i'].-Ay‘[yi - w}] =¥ [m:l{sE}'i,s_sup,0}}-1b!y‘i}}-;§y‘|'yi - w}] +y [cs{e[dsj,E_sup,i)HAAsj]dsj - }ﬁ}]
i=1 i=266 i=1

Design external axial load
NS =-0

Moment-curvature [kKNm]

0 1x1073 2x107° 3x107°

(4

-300F / -

-10 0 10 20 30 20

—ocl{e(y;.£_sUPemea. Bonea) ) — 02 £( ¥i. £_SUPcene. Bernea) ) - [ — € ¥i-E_SUPcmes. Benea)- 1000)

Condition at resisting (peak) moment
(stress and strain)
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nsulting

10.8 Bending moment distribution

gl = 135 partial safety coefficient for self-weight structural loads
~gd = 135 partial safety coefficient for non-structural certain dead loads
q=15 partial safety coefficient for live loads or non-structural uncertain dead loads
( 2
Mq ULS(x) = (gl~ygl + g2~yg2 + q-'rq}-! %-x— ’T] mement distribution at Ultimate Limit State (ULS) fund | load b n following a uniformally distributed load g
\2 1)
{ )
Mgq SLSr(x) = (gl + 22+ q) | % - lT] moment distribution at Seniceability Limit State (SLS) rare load combination following a unif lly distributed load g
\2 2
| 23 g 2 i ; o
Mq_SLSE(3) = (gl + g2 + 'l‘l-qJ-: %_‘ 5 %J mament distribution at Serviceability Limit State (SLS) frequent load combination fallowing a uniformally distributed load q
( 2
Mq SLSqp(x) = (gl + g2 + 4‘1-‘3.: .I:.; - x_] distribution at S bility Limit State (SLS) quasi load bination foll g a unift lly distnbuted load q
- \2 2
!: L x: ]
Mg SLSeafx) = (gl + 52}-|\ E-x -3) moment distribution at Seniceability Limit State (SLS) permanent load combi following a unif lly distributed load q
i=0.1
ACTING MOMENT [KNm]
0
~100)
- Mq ULS(H)
¢
—— 10 300
~ Mg SLSr(D)
10
Mg SLSqp(i)- 300
10
- 500 =
0 2107 4=10° 6x10° 810"

1

distance from support [mm]
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10.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

v_inf_p(x) = v_SLSg1(x)-(:p(365-50. 14) — p(365-50.23)) + v_SLSg2(x)-(1 + ¢(365-50,23))

deflection profile at 50 years including creep for permanent load combination
v_inf_qp(x) := v_SLSgl(x)-(p(365-50.14) — (365-50.23)) + v_SLSg2(x)-(p(365-50,23) — (365-50.91)) + v_SLSqp(x)-(1 + (365-50.91))

deflection profile at 50 years including creep for quasi permanent load combination
v_inf_r(x) = v_SLS21(x)-(:p(365-50. 1) — ¢(365-50.23)) + v_SLSg2(x)-(¢(365-50.23) — £(365-50.91)) + v_SLSqp(x)- ¢(365-50.91) + v_SLSr(x)
deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE

-
<V

E

E -v_inst ULSG)

g —— -20
E —v_inf r(i)

-g —v_inf_qp()

= -vinfpd _
.g —

>

-80
0 2<10° 4x10° 6x10° 8x10°

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§9.3.4)

camber =35 ~mm < % =354 - maximum deflection
camber induced by shaping the mould
v_inf_r(%] — camber = 32.537 < % =354 BEEGR]  maximum camber

value calculated from differential equations above
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SLS STRESS CONTROL (§9.2.1)

kl =06 rsup = 1.05
2 =045

13 =08 nnf = 0.95
ki=1

k5 =08 0.75 in EN1992-1-1:2002

NOTE: the denomination of the allowable stress coefficients following k factors was kept similar to that of EN1992-1-1:2002

Maq_SLSf(x)-(Htot — Yid)
Ixo_id
elastic stress of bottom concrete chord for frequent load combination

Mq_SLSE(x)-( dsjs - Yid)
crsf_bol{%—] = 68.62

Txo_id
elastic stress of bottom mild steel layer for frequent load combination
Mq_SLSr(x)-(Htot — Yid)
Ixo_id
elastic stress of bottom concrete chord for rare load combination
nc-Mq_SLSr(x)-(~Yid)
Txo_id

cepf_bot(x) =

acpf_bou_”—’] = 5925
\2)

osf_bot(x) = 15-[

ocpr_bot(x) = crtptﬁbot{%] = 6.681

(
oepr_top(x) = o'cpf_top'k'l;'] = —6.553

elastic stress of top concrete chord for rare load combination
.\Xq_SLSr(x)-[dsjs - Yid)
Ixo_id
creep stress of bottom mild steel for rare load combination

ocpr_s(x) = 15-[ a'q:w_s{%) = 7738
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fetml = 3.795

fetml = 3.795

kl-fck2 = -15
0.4-fem2 = =132

k3-fsk = 400

if not -> cracked
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SLS CRACK CONTROL (§9.2.3)
¢_act := Htot — (ls.s -10=25
ksurf = mn'{ it ) - 125

10 + cmin_dur s
wiim_cal = 0.2-ksurf = 0.25 mm
=17
ayi = Hiot — ds. = 35 P
s

kKl r= _Htot-¥Ynn _ 1.17

- Htot - ayi— Yn_n
il = Htot — min(ayi + 5-¢.ayi-3.3) - 0629

Htot
kb =12
Aceff = 0.5-b(Htot)-min(ayi + 5§, ayi-3.5) = 147 x 10°
.-\sj5 * "\sjs—l

off = ——————— =006
o Aceff
smmcal = mi l.S-[Htot -ds._ + i’) + e kb-l k-(Htot— Yn_n)| = 112.652

B2 72 ppeff kw
kt=04 NOTE : 0.6 for sustained loading
fcteff = fctml = 3.795
crsf_bo{%) -kt fct:; '[1 + EESI 'Ppeﬁ‘} osf_bot. %)
€sm_com = - PP e (-t ——=2 | _2059x 10”*
Es Es

wheal = kw-kl_r-soncal-€sm_ccm = 0.046 < whim_cal =025  [CHECHK

10.10 ULS checks
ULS BENDING-AXIAL CONTROL (§8.1)
. Mq_U'LS{E)
Mrd = 1.026 x 10° > == = 430872 ERECK
10

resisting moment calculated from moment-curvature diagram above
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ULS SHEAR CONTROL (§8.2)

L
Vq ULS(x) = |(sl-*rg1 +g2ng2+ q-*:-q)-{i - x)

d:=ds._ =295 mm
5

VEd = Vq ULS(d) = 1818 x 10° N Diower = 16 mm
qv =13
bw = 2400 mm
z:=09d=2655 3
VEd ddg = uﬁ:{iﬁ'[—fc}:l > 60.16 + Dlowet-_!/ 60- J A6+ Dlower].-tﬂ} =32
7Ed = e 0.285 MPa \ —fckl

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT

TRdc_min = 1—1 —ckz'ﬂ
- v o fsd

=065 MPa < 7Ed = 0285 [EHECK
no more refined analysis required

Vrd(x) = bw-z-TRdc_min

5%10° : : : ;
Q0T T .
VQ ULSG) 3.10%F N
V) 20t y
1x10°F o

0
0 1x10° 2x10° 3x10° 4x10°
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MOMENT DIAGRAM ACCOUNTING DUE TO SHEAR RESISTING MECHANISM (§12.3.2)
od =1 fatigue check not required
Mq_ULS(x)

108

MEd(x) =

MRA(x) = if{x < 1220.3@-% .Mrd}

1.5%10° : . . .
] |
MEd(i) 1x10
MR4(i)
Sers 500 .
0 ﬁ I 1
0 1x10° 2x10° 3x10° 4x10°

MINIMUM REINFORCEMENT (§12.2)

kh = if[0.8 — 0.6-(min(bw ,Htot) — 0.3) < 0.5,0.5.#[0.8 — 0.6-(min(bw Htot) — 0.3) > 0.8.0.8,0.8 — 0.6-(min(bw Htot) — 0.3)]] = 0.5 §9.2.2(2)
fot_eff = fotm2

As_min_w1 = Ol-m-fct_eﬂ'-:—: =40629 mMmM2 < As_tot=9085x10° mm2 EEEEH 5002
5
fetmt —22 _ 15686 < Mrd = 1026 x 10°kNm  [BHEGH ~ §(12.1)

(Htot - Yid)-10°

MINIMUM LONGITUDINAL REINFORCEMENT IN ORTHOGONAL DIRECTION RESPECT TO SLAB AXIS (§12.2(3))

0.2-18-A(24) A(12)  A(6)
—_——l = 0679 < —_ e ——= =0.707 -

2400 00 200
additional reinforcement in the transverse honizontal direction

CHECK OF SUPPORT MILD REBARS

2
ozs-ma[%) =107.718  kNm < [w-z-%]-rsd-o,g-:"_sz = 115.668 [CHECK
g §12.1(4) 10
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ANCHORAGE (§11.4)
kb = 50
kep =1 for good bond conditions
3
no = -
2
cs =50
cx =75
cy =40
£d(d) = min(0.5-cs.cx.cy.3.75-¢) cd(12) = 25
1 1
3 2

fsd Y [ 25
1bd2(¢) = m kib-kcp‘q)-{;s—s) -[_&HJ )

1bd2(16) = 777.239

length of straight part for 90° bent bars

1b90(db) = max(70.1bd2(¢) — 15-¢.10-p)
1b90(12) = 27867  1b90(S) = 95.105

length of straight part for 135° bent bars (stirrups)

1b135(d) = max(50.1bd2(d) — 15-b.5-dp)
1b135(12) = 27867  1b135(8) = 98.105
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INTERFACE BETWEEN CONCRETES CAST AT DIFFERENT TIME (§8.2.6)

Ainter = 265-2400 = 6.36 x l{}S mm2

TEdi(x) = l——m 1Edi(0) = 0306 MPa
Amnter
ewl=015  (ough surface

uv =07

cinter = 75— = 1.309  rad
180
on=10

pi= L 3557 % 10
Ainter

4

TRdi = mir{cvl- e + pv-on + pifsd -(pv-sin(cdnter) + cos(odnter)),0.3-~fed2 + pifsd -cos{c\inter)} = 0.687 MPa

~e

0.6
TEdi(1)

4

TRdi :

190

10

>

TEdi(0) = 0.306
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10.11Fire checks

X<

oooooo
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g|r[8[&|&|a[=[z]&[s]s]s[n][r][z]|s|s[=|5]a[2|a][=]=][s]|8]8|2[R[R]3]E]E
R|R|8|R|R|R|R|8|R|~ |~ |s|8|”|3|8|8|=|3x|8|¢|n(e|= |8 /8|8 2B|R|B|F EE
R|R|8|R|R|R|8|8|8|s|s|s|H|(a|3|8|8|=|2|a|2|v|8|2 8|2 |2|2|R%|8 |3 8|8
8|8|8|8|8|8|8|8|8|=|=s|s|H[a |3 8|8 7|3 |n|9|n|g|x|8|S 5| 2|88 F BB
&|8|&|8|8|8|8|8|8|s|s|s|d|a|3|8|8|=|x|a|e|n|s|x|8|/8|8|B|R|B|3|8 B
mmmmmmmmmmnmnnnmnnymﬁﬁﬁnmmmmm®mmm
R|8|8|8|8|R|8|8|8|s|s|s 8|8 3|8 (8|~ |3|a|9 =g |88 2 8303 5B
R|R|R|8|8|R|8|8|R|R|R|s|d|a|3|8|8|=|2|n|9n|g|= 8|82 2|38 |3|8|B
R|8|8|8|8|8|8|8|8|=|5|=|8|a|3|8|8|=|%|2|9 |29 || |8 |8 8|8 B F EE
R|8|8|8|R|R|8|R|8|s|s|s|N|a |3 |8|8|7|3|a|9|n|s|x|8|/E|2|B|R|B|F 5B
R|8|R|8|R|R|R 8|8 |~ |7|~|A|8 |3 8|R|7|%|a|e|n|s|x|8/8|8|B|R 8|3 8B
R|8|8|8|8|R|8|8|8|=s|s|= 8|8 |3 |8|8|=|2|a|9(n|g =88R 8|3 B 3 8B
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+N

<

L ]
N
X F
[
\\ ) 1
\Hﬁf
N:1sp=140.00kN; M:1sp=830kN'-m
Nz = 0.00 kN
My+=  61.24kN-m
My-= -0.56 kN‘m
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11 Prestressed beam element -EN1992-1:2004

11.1 Shop drawings

gl

’
1

SECTION A(1:10)

800 [:n_z) o)
200 400 1 e a5
TE— |
. ) = o
342 /
g A
8 @ ®
=)
_\l
j % : I r
g }
. 3 -l e -
S — s
END DETAL {1-5)
e END VIEW (1:5)
1140 1440 1840 1140
) SECTION A MO 20 o0
N RN M LR L) 2 & ] i L. -,
Im";'El'LL' 1 A
F—.‘ECT{ONA SIDEVIEW (1:20)
7680
- 'ﬁi
% .
%
/!
e BIBM  recerotion of the Furepesn Frocast Conarats ndusiny

Code  INVERTED-T BEAM EN 1992-1:2004

die...

Ming

bl\"bm

I e

et Vol
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Thumborallart Numbe GTY Moss  Total mass @ Jangtadis pattern T fronsverspotiern_ L

-
ol 4 o 17044 £ mim
r
oz 4 7018 28072 12mm
r
03 2 6774 13548 T2mm
= L4
.
1 £4 92 43848 10 mm
|
v
= ; 12 46 34 15684 & mm
b
23 4 1378 19024 14 mm

PRt BIEM Fedrertion of the Europenn Precardt Condreie Indushy

nams

Coce INVERTED-T BEAM EN 1772-1:2004

Totol moss refsors |kg§| 151,22 ncidence kg/m? 89,30
K1 | 19373 19373 A 200 T A 200 mm
r
rass welded-wire-meshes [kg) 1737 ncidence ko/m? 7.60
Tnche” L= 14 556125 78575 127 mm
Total mass strands [kg;| 70575 | neidence ko/m® 30,681 |
Total moss of stesl [P'.gil 24917 | I Tolgl corareles uolq 2,55

diec..... |[Bibmx e

sheet
number

20f2
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11.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr = (0 32099 330 580)T
Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400 800 800)7
r_circ =0 radius of central void pipe
2

( Htot)

x_circ(y) = 2jr_citc‘ o | i
\ 2 .

b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

5

b(y) = i:l{y < {M + r_circ) Ay2 % . r_circ.b_circ(y).b_lin(y)]

m:s 0.. Htot

Geometry

o

116

yd 232
— condensed 1D geometry plot

d
¥C 348

464

-400 -200 0 200 400
—-b(yd) b(yd)

2 2

e -

u = 800-2 + Htot-2 = 2.76 x 10° exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =

Distance of rebars from upper chord

ds = (43 202 354 370 538)T

Area of reinforcement at each depth

As = (2A(12) 2-A(8) 2A(8) 2-A®S) 2A(12))T

jﬁ.«:' rows(As) js=3
dsmax = max(ds) dsmax = 538
Js

As_tot = Z As; = 753982

3=1
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Prestressing reinforcement

Area of a single strand: "
Apl =193 tp =127 mm  nominal strand diameter
Depth of prestressing strands from upper chord:
; sagy L
dp = (380 480 530)
Area of strands at each depth:
Ap = (2-Ap0 0-Ap0 12-Ap0)’
opl = 1400 MPa
aprec = (04-opl opl ::rpﬂl}T initial prestressing
perdite = 0-(1 1 1}T in percentual % (losses are introduced later)
ip = rows(Ap) ip =3
E=1.jp
[1 100 — perditekq ( 560
a0, = Oprec, | ————— |
5 100 co=| 14x10° |
A { 3|
jie] =
Wl4= 100 )
A=Y Any Ap tot=1302x 10°
k=1
vpmax = max{ dp) ypmax = 330
P _
Np tot = Z H.‘-‘ka-crnk“ ) ) 5 o
bias Np_tot = 1667 x 10 M total prestressing initial force
P
D, |teoAn any)
Yp = k= _1 = 320623 mm centre of gravity of prestressing

1P ,
Z | .-'-"s.pk-u'nk }
k=1
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11.3 Material constitutive laws employed in the calculation

—4x1073 -2x107? 0

500

os(e) 0

- 500

|
-0.05 0 0.05

2.046x10° . . . . .

1.023x10°

-1.023x10°

3 1 L 1 1 1
—-2.046x10
-0.02 -0.01 0 0.01 0.02
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11.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION
Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Htot s
Ac= f b(y) dy Ac=3321x 10
0
As_tot -3 . B il ’ .
ps = T =227x 10 geometric ratio for longitudinal mild reinforcement
Ac
Ap_tot -3 . . N .
pp = ~a = 3921 x 10 geometric ratio for longitudinal prestressing tendons
AcC
ptot = As s Ap ot 6.191 x 10_3 total geometric ratio for longitudinal reinforcement

Ac
First moment of the concrete area
Hitot g
Syc = J b(y)-ydy Syc=1128x 10
0
Centre of mass of the concrete area

oo vG = 339.696

Ac

Second moment of the concrete area

Htot .
Ixo_cls = .[ b(y)(y - vG) " dy Ixo_cls = 8.927 x lt?l9
0

Global area of all prestressing reinforcement

Area tr= |[s« 0 Area tr = 1.302 x 10°
for x=1.jp

s & .-\px +5
First moment of the area referred to prestressing reinforcement only

P
i=1

Centre of gravity of prestressing

; Sxp ;
Yp = Yp = 508.571
B Area tr #

Idealisation coefficients (elastic)

Ep

=— np = 5374
np Bein p
ns = E_s ns = 5512
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Area of ideal cross-section

Aid = Ac + ( S N i p

Aid = Ac + (np - 1)- Z ,—\pj +(ns - 1)- Z Asj Aid = 3412 x 10
j=1 j=1

First moment of the reinforced concrete area

)5
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) + (ns — 1)- Z [.-\sj-dsj) Sxid = 1.167 x 108
=1
Centre of mass of the reinforced concrete area
Yid = SL: Yid = 342.097

Second moment of the concrete area subtracting the effect of reinforcement
, . 2 i - o
Ixoidcls = L b(y)-(y - Yid)“dy - Z [.«\pi-(dpi - Yid) ] - z [_-.\_sj.psj - Yid) ]
i=1 j=1

Second moment of the prestressing reinforcement area

P R
Ixoidprec = np-z [.--\pi-(clpi - 'fid)‘]

i=1

Second moment of the mild reinforcement area
Js 3
Ixoidlenta = ns- z [.—'\sj-[ dsj - Yid' :I
=1
Second moment of the idealised reinforced concrete area

ko id = Eeoidels + Bioidpec + Eoidlenta o id = 9242x 100 mmM

201
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11.5 Loads
OADS
gl =83 KM/m dead load from selfweight
g2 = {2+ 2897945 = 46211 KkN/m  nonstructural dead load
q = 2833 KM/m live load
L=7500 mm calculation length (span between supports)
2 =03 non-contemporaneity factor for quasi-permanent load combination
tfl =03 non-contemporaneity factor for frequent load combination
{ 2y
Mq SL3gl(z) = (g1)-| %-x— % | SLS bending moment distribution from selfweight load
\ /
(1 2)
Mq SL3gX(z) = (22)-| ;x_ % | SLS bending moment distribution from nonstructural dead load
\ /
(1 2)
Mq SL3q(x) = (g1p2)-| E-x— % | SLS bending moment distribution from live load
| /

11.6 Prestressing transfer and time-dependent behaviour

TRANSFER OF PRESTRESS (§6.10.2 2)

ol =1
o2 =019 for 7-wire strands

opml = opl = 1.4 % 107

npl =32 for T-wire strands
nl=1 in favourable position
fopt = npl-nl-fetdj(2) = 351 MPa
Ipt = M-d}p = 062587 mm
Iptl = 0.81pt = 770062 T

Ipt2 = 12-1pt= 1.135 = 103 mim

gradual release of prestressing

equivalent constant bond stress at prestress realease following §(8.15)

basic value of the transmission length following §(8.16}

lowrer-bound transfer length following §(8.17)

upper-bound transfer length following §(8.18)

202




Mz
dlc consulting BIBM EC2 project - calculation report {J/Ibm

Prestress losses

hn = E-A—c = 240643
u

4

fcs = % =65x10 shrinkage strain assumed as a result of laboratory tests on the specific concrete mix employed

p1000 = 0.025 for class 2 (low-relaxation) tendons following §3.3.2(5)

kp = 0.16

t=50-365= 1825 x 104 days Life span

-Np_tot [Mq_SLSgl(x) - Np_tot-(Yp - Yid)]-(Yp - Yid) ( L) .
P = P2 — | = -8.831
PRERN Aid Ixo_id s & zkz ?
stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)
oepQP2() = L-iq_SLSglfx):(\p - Yid) o’chPB(LJ = 5.852
Ixo_id 2
stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)
acpQP91(x) = .\-1q_SLS<:::)-i(:p ... achNl{%J = 1.077

stress in quasi-permanent load combination at 91 days
(conventional time for enter in use of the structure)

kp
| Ep y | ( 24-t)
Aopr(x,t) = |opd + ——-(ocpQP2(x) + ocpQP23(x) + ocpQP91(x)) |-p1000 l\ _l
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

h0 = 2-'5- = 240643 mm notional size of the member
u

RH = 50 % relative humidity
t0_T(t0) = t0
a=1 for cement class R

9 o time modification due to type of cement §8.9
t0_mod(t0) = w_r(ro)-[— + 1] 05

2+ 10_T(t0) 2 t0_mod(2) = 6.189

0.7
ocl = (i—s) = 0.748
—fem

02

o2 ;=( ;5 ) =092
-=icm

e 105
p— ) = 0813

(b = il fem > 35.min 151 + 0012RE) S| 10 + 250-0c3. 1500-0c3 ) minl 1.5 1 + 0.012.RED "] :00 + 250.1500]] = s64.161
1

B3t0(t0) = 5
0.1 + t0_mod(t0) ~

{ t-t0_mod(t0) )0'3

t.t0) =|
Rekt:4D { Bh + t — t0_mod(t0)
Bfem = —08_ _ 2308
—fem

- M - M
wRH = 1f| -fem > 35.| 1 + i -ocl |-oc2, 1 + = 1474
L 01w 0.1-3/0
0(t0) = pRH-3fcm-3t0(t0)
@(t.10) = p0(t0)- Be(t. 10)
P(t.2) = 2.188 PEID =13

a2 |
p(days,23) |f .-
ﬁdays.Ql)l[

O 1 1 1
0 5x10° 1x10% 1.5x10°

days
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| 2 2

[MME-DEPENDENT LOSSES OF PRESTRESS (§5.10.6))

—ecs-Ep — 0.8 Aopr(x.f) + %-(mpqpux)-m.z} + aepQP23(x)- p(t.23) + oepQPII(x)-p(t.91))

i+ Ep Ap tot g Ac
Ecm Ac Ixoidcls

Aop_cst(x.t) =

(Yp- Yid)z}[l i p(t.2)-ocpQP2(x) + p(t,23)-ccpQP23(x) + p(t.9l}-ach1’91(x})
acpQP2(x) + ocpQP23(x) + ocpQPI(x)

prestress losses following §(5.46)

NOTE: a weighed creep coefficient was considered accounting for the 3 load phases previously introduced

opm(x.t) = opl - EEP_ -(aepQP2(x) + acpQP23(x) + ocpQP9I(x)) + Acp_csr(x.t) prestress considering immediate and delayed
cm

(L 365 ]
o'pm.\z.Sﬁi 50

= = 0.861 expected residual prestress ratio after 50 years of life with respect to initial
op
{
crpm.t % . 365-50]
Epm = ——— -£p0 expected residual strain after 50 years of life with respect to initial
ap
(3. . 6 . ;
crpm'k? .365-50 |-Ap_tot = 1.569 x 10 residual prestress force after 50 years of life
Np_tot =y initial prestress force

11.7 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

Htot ip s
N(e_sup.0) = z (ocfe(y;.c_sup.0))b(y,)-Ay) + z 1crp{£|dpj.£_sup.9}+Epm]}-:\pj}+ Z 1as[£{dsj.£_sup.9:”-.&s}-}
i=1 j=1 =it
Htot

s
M(e_sup.0) = z

i=1 j=1 j=1

Design external axial load
NS =0

205
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P
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Moment-curvature [kNm]

1x10° -
’ f
M
10°
M_EL
106 500 -
M _EI p, !
10° !
]
J
¢
G .
0 1102
BC
0 7

=200

=¥i
=¥

40

-10 0 10 20 30
—oc{&(yi.E_SUPemeg. Bemea) ) . — OCC{€{ ¥i.E_SUPcmes. Bemea) ) [~ €[ Vi €_SUPcanes. Bemmes)-1000)

Condition at resisting (peak) moment
(stress and strain)
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DESIGH AND TECHNOLOGY

11.8 Bending moment distribution

gl = 135 partial safety coefficient for self-weight structural loads
~gl =135 partial safety coefficient for non-structural certain dead loads
~g =13 partial safety coefficient for live ioads or non-structural uncertain dead loads
(L 2
Mq ULS(x) = (glgl + g2yg2 + g =x - ‘T | moment distribution at Ultimate Limit State (ULS) fund | load combi following a uniformally distributed load q
\2 2)
[ 2
Mq SLSr(x) = (g1 + 22 + q}-!L—;'—-x = 5’—] distribution at Seniceability Limit State (SLS) rare load combination following a uniformally distributed load q
7 ot = 962587
2 + distrib LS it St S) i tlcad combination foll dormaliy dstibited bad
Mq_SLSI(5) = (g1 + 82 + b1 %-x- 1‘;] : Y Lk Tiake (L5 e nee o Y W
b /
Mq _SLSqp(x) = (gl + g2 + qnz-q)-! %-x - *T] moment distribution at Serviceability Limit State (SLS) quasi permanent load combination following a uniformally distributed load q
( ; ‘
Ma SISe)(x) = (gl + 52)-:\13'-1 - ‘?] fistribution at Seniceability Limit State (SLS) p load combination following a uniformally distributed load q

Mp_SLS(x) = if x < Ipt.opm(x. 365-50) Ap_tot-(¥p — Yid)- é _H{x > L - Ipt.opm(x.365-50) Ap_tot-(Yp — \'ad)-";P—:L _opm{x,365-50)- Ap_tot.(Yp — \'id)]

i=0.1 C bution of i ivalent load in SLS (without modification factors)

P it By

ACTING MOMENT [kNm]

2

- Mg ULS(D
10°
o _ "
— Mg SLSt(D
10
- Mg SLSqp(i)
10°
Mp_ SLSG) - 500

10°

- 1x10° =
0 210° 4x10° 6x10°

i
distance from support [mm]
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11.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

v_inf p(x) = v_SLSg1(x)-(p(365-50.2) — p(365-50.23)) + v_SLSg2(x)-(1 + (365-50.23))
deflection profile at 50 years including creep for permanent load combination

v_inf_qp(x) = v_SLSg1(x)-(p(365-50.2) — (365-50.23)) + v_SLSg2(x)-((365-50,23) — (365-50,91)) + v_SLSqp(x)-(1 + p(365-50,91))
deflection profile at 50 years including creep for quasi permanent load combination

v_inf 1(x) = v_SLSg1(x)-(\p(365-50.2) — p(365-50.23)) + v_SLSg2(x)-(1p(363-50.23) — p(365-50.91)) + v_SLSqp(x)-p(365-50.91) + v_SLSr(x)
deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE
10,
0
E
E -« inst_ULS()
g —v.infr()
% —v_inf qp() — 10
B
= —v_inf p(d
2~
2

-30
4x10° 6x10°
i

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§7.4.3)

v_inf_f(%] = 7.564 < % =30 - maximum deflection
values calculated from differential equations above
v_inf _p{%) = 1638 > 2‘—; = -30 EHECK maximum camber
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SLS STRESS CONTROL (§7.2)

k1 =06 rsup = 1.05

K2 =045 prestressing modification coefficients
13 =08 nnf = 095

ki=1

k5 = 0.75

-Np_tot-rs Mg SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
p_tot-rsup gl(x) — rsup-Np_tot-(Yp )

acpgl_bot(x) =
cpgl_bot(x) Aid Ixo_id
elastic stress of bottom concrete chord for selfweight loads only

-Np_tot-rsup " [Mq_SLSgl(x) - rsup-Np_tot-(Yp — Yid)]-(-Yid)
Aid Ixo_id
elastic stress of top concrete chord for selfweight loads only
—Np_tot-rsup " [Mq_SLSgl(x) — rsup-Np_tot-(Yp - Yid)]‘[ ds, - Yid]
Aid Ixo_id

acpgl_top(x) =

acpgl_tops(x) = ;;1 |:

elastic stress of top series of mild steel for selfweight loads only
=Np_tot-rsup & [Mgq_SLSf(x) — rsup-Np_tot-(Yp — Yid)]-(Htot - Yid)

acpf_bot(x) = aid Iro id
elastic stress of bottom concrete chord for frequent load combination
—-Np_tot-rs Mgq_SLSr(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid
. - up _ [Mq SLSr(x) - rsup plm - P ] )
elastic stress of bottom concrete chord for rare load combination
-~ o \ - ginf N o ks 3 o
S p_tot-ninf " [Mq_SLSr(x) — nnf -Np_tot-(Yp — Yid)]-(-Yid)

Aid Ixo_id

elastic stress of top concrete chord for rare load combination

Np_totrsup _ [Mq_SLSt(x) - rsup-Np_tot-(Yp — Yid)]-( dp,, - Yid)
Aid Ixo_id

acpr_p(x) = opm(x.t)-rsup + 15-[

creep stress of bottom prestressing steel for rare load combination
-Np_totrsup _ [Mq_SLSt(x) - rsup-Np_tot-(¥p - Yid)]-( ds;, - Yid)
Aid Ixo_id

acpr_s(x) = 15-[

creep stress of bottom mild steel for rare load combination
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aepgl_bot(lptl) = —12.074

acpgl_top(lptl) = 4.858
acpgl_tops(lptl) = 19.858

ccpf_bo{%} = —0.196

o’cpr_bot{%] = 2.369

ccpf_top{-;—'} = -16.45

L -~
crcpr_p{;) =1277x 10°

ocpr_s[%) = 15.685

SLS CRACK CONTROL (§7.3)
¢_act == Htot - ds, -10= 32

ksurf = uu:r{ et
10+cmmdm' s

whim_cal = 0.2

w_freq =0 <

k1-fekj(2) = -23.178

ErECK
K2-fek = -2025
ErECK

fotmj(2) = 2.193
k3-fsk = 400

fotm = 3.795 EHECK

fctm = 3.795

kl-fek = =27
04fem = -212

kS-fptk = 1.395 x 10°

k3-fsk = 400

Tt

whm_cal =02  [CHECK
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11.10 ULS checks
ULS BENDING-AXIAL CONTROL (§6.1)
Mq_ULsGJ
Mrd = 927.011 > ————=~ = 51648 EHECK
in

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§6.2)

) (L
Vq ULS(x) = [(gl-ygl + g2-yg2 + q-'\:q}-LE = ") shear distribution at Ultimate Limit State (ULS)
d =Yp=7508571 mm effective depth

= = 5
VEd = Vg ULS(d) = 3.764x 10" N maximum shear at effective depth from support

br2= 400 ' web width

2 Okt = VLTI conventional resultant lever arm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§6.2.2)

)5
Ap tot + Z As, reinforcement ratio
15 j=1 = 001 NOTE: the reinforcement ratio is assumed constant due to the introduction of additional
Ll bw-d N support reinforcement which compensates the progressive anchorage of strands
Ap_tot axial stress induced by prestressing

ocp(x) = opm(x.t) —=—
Ac oep(lpt2) = 4.646 MPa  after full transfer

. J )
kv o= minf 1+ — 2| = 1393
ﬂl.lﬂl + 4 B |

Klv = 015
Crde = ois = 0.129
~epered
3 1 1
vmin = 00354 >-(~fck) > = 061 §6.3N bw-d-| Crdc-kv-(100-pl—fek) > + kiv-ocp(ipt2) | =
” 1 ] ] (vmin + Klv-oep(ipt2))-bw-d = 2.659 x 10°
VRde(x) = Ctd(':-l-:\'-(lﬂlf)-pi-—fclt}3 + klv-oep(x) | -bw-d,(vmin + klv.ocp(x))-bw-d §6.2a+862b AFTER PRESTRESSING 1€
5x 105 T T T
4x10°F -
Vq ULS() 3x10°F T S ST SUDEN .
Ved® 210’ e T
1x10°F 3
0 1 1 1
0 1x10° 2x10° 3x10°
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MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§6.2.3)

fywd = fsd = 454545 MPa design yield stress of transverse reinforcement
2
Asw = 2-3—'“ = 100.531 area of transverse reinforcement (pseudo-vertical stirrups)
4
By = atani(—l-—] = 0381 angle of inclination of concrete compressed strut
i
\2
sl =90 mm spacing of transverse reinforcement (end field)
Vrds = A—slw‘z‘fywd‘cot(ev) =581x100 N > Vq ULS(0) = 4354 x 10° [HIEGH shear resistance on steel side (§6.8)
5
4 =
vl =06{1- fc—l‘] =0.708 §6.10
LU 250
oew(x) = if] oep(a) < 025—fed, 1+ T2 sl oep() > 05-ca,25{ 1 - “—"}].x.zs §6.11
—fed I_ L —fed
Vrdm T~ bw-z-ul _fed
rdan(s) = acw(z) w2y " Cot(0v) + tan(0v) shear resistance on concrete side (§6.9)

Vedmax(0) = 162x 105 N > vq ULS(0) = 4354 x 10" |EHIEGH
MOMENT DIAGRAM ACCOUNTING DUE TO SHEAR RESISTING MECHANISM (§9.2.1.3)

npd =12

fbpd = np2-nl-fetd = 2277 MPa given fck < 60 MPa

oe?-!’fptd = cpm*rEt]\E

2 ) 3
Ibpd = Ipt2 + = 167 % 10
bpd = lpf fopd Pp
o5 5 = = 0
MR i i e PRI I X o i v e PO I ) --!rmm g PSR 365'50)
fptd tpe2 fptd (tbpd — Ipt2) | fptd )
. \
gl 20 J = 572.143
L 2
ir Mq_mm@]

W2/ ) Mg ULS(x + round(z))

106 11]‘5

1x10° . : . .

MEd(x) =1f x> 3 al.

MEA(1)
MRA(1)

0 1x10° 25107 3x10°
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MIMNIMUM REINFORCEMENT

bt = b{Htot) = 800

‘
Asmin = max Ojﬁff—k bt-d ,0.0013-bt- d'
|

s2 =120 mm .
3-180 mm = SRS BLE m for shear reinforcement
0=
Asw -3 +f—fek -3
pw_min = o 1396 10 ° = 0.08- —1073%10 ° ErECH
s3-bw fsk
CHECK OF STIRRUPS FOR SUSFENSION LOAD
Aswfiywd
vy i s sl 7
VB4 (s gisseqis)osse KNIm o < = 507732 KNIm
cot{fv)-bw L3 /
1 Asw-fywd
%-133 +g2 135+ q13= 108644 KN/m < % =330796 kN/m
5.
( ‘lm
Vrd(x) = 1f x < 1120, Vrds | rE'kx¥ 2500, —2 Vrds, \'rd(x))j" k 131 +g2135+g- 1JJ cot{fv)-z
5»:105
=
Vg ULS{i) 3x10
Vrd(1
A 1x10°
- 1x10° ' ' :
0 1x10° 2107 3107

§9.1N
3
802.086 mm2 >
,-' L ;
for longitudinal reinfarcement

213

pl-Ac= 3356 = 10 mm2

§9.2.11(3)

< 004-Ac=1328x 104

BEFORE TRANSFER OF PRESTRESSING

AT MAXIMUM SPACING

INCLUDING THE EFFECT OF SUSPENSION LOAD
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CHECK OF HORIZONTAL SADDLE BAR

(gl 1
| 5135+ g2-135+ q-15] ]

. ] 8
5 4 100-52 = 6519 % 107  Nmm < n-T-fsd-{I'.‘?J'-ﬂi} =452 1Dﬁ

-
4

CHECK OF SUPPORT MILD REBARS (§59.2.1.4(1))

{ 2 2 .
| 16" 12 | 330
023-Mrd = 231.7533 Mmm = | 4m— + 2w — | fed 09— = 23183
L 4 4 ) ll}ﬁ
area of support mild steel
fywd ( 16: IEJH
MRd(x) = if| x < 250,08-d- 2 | 4o + Tor—— [ + MRd(x) . MRd(x)
6 4 4 )
10
1x10° T T T
MEd(1)
MRA(1)

el 3%10°

AMNCHORAGE (88.4)

nml=1
nd=1

fbd = 225ml-12-fetd = 427 MPa §8.2

hrqd(d) = ?-% §8.3

alb =1
o2b =1
oob =1
odb =1
odb =1

Ibd(d) = alb-oldb-adb-adb-adb-Ibrgd(d) §5.4
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11.11Fire checks

Ko

T(°C)
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+N

T“'-.h“w,f

L

N

lisa

A

N:1sp=1100.00kN; M:1sp=110.00kN-m

Nz =

Myt =
My-=

0.00 kN
855.34 kN'm
-112.43 kN'm
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12 Prestressed beam element - FprEN1992-1:2022

12.1 Shop drawings
800 5%
200 o (1] =0
_ \ 7 2 © &
i 7 ; I
i ‘
- pe
B
/ -
; P
S (T SESESs
51
8 l
® & = plele . _‘\ C s ®
= : 3] |
END VIEW [ 1:5) Es'[}xjﬁnnhe' 1= 780) ] ENDIDETAIL ( 1:5)
b nETar il
1727 | scmona =S 2
|
S AR ;
l— SECTION A SIDEVIEW | [ 220
@ ©
q ikh’\’ (o)
A "Tm\; BIBM L ———

7 i YO

SECTIONA(1:10)

Code  INVERTED-T BEAM FprEN |992-1:2022

die...

Jiting

B

X e

et ) ofi2
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2 longitudinal potiem_T @_franswerse pattern L

Thumbnail Parf Mumler G Moss Tetalmoss: @
»
al 4 | 301 12044 amm
»
02 4 TUIB 28071 2 mm
03 2 | &T74 13548 Zmm
-
P
1 52| 982 510e4 10mwm
i~ -
g 4 3 3N 11935 gmm
k|
r
22 & | 2378 15624 14 mm
r
Tadalrass rebrars [k | 35,67 Incldence kg/m® 53,21
Rl 1| 19373 19373 S 200 &m 200 mm
r
[atal mase welded-wirs-measnes [ka) 1737 Incldence kg/ms 7,60
Thalfinche" L=7680 T4 54125 78375 127 nm

Total mess strands [l-g]l 78575 | Incidence kg/m® 3081 | | F‘r'g::_j BIEM Federstion of tha Eurcosan Frecost Cancrete industry
Code (NVERTED-T BEAM FprEN 1992-1:2022
| Tatal moss of sles| [Lg]| 233,64 | |T&=Iu conorels volums [r| 255

dle....... ‘bfbm‘ I s

ibiie 3002
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12.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr = (0 32099 330 580)T
Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400 800 800)7
r_circ =0 radius of central void pipe
2

( Htot)

x_circ(y) = 2jr_citc‘ o | i
\ 2 .

b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

5

b(y) = i:l{y < {M + r_circ) Ay2 % . r_circ.b_circ(y).b_lin(y)]

m:s 0.. Htot

Geometry

o

116

yd 232
— condensed 1D geometry plot

d
¥C 348

464

-400 -200 0 200 400
—-b(yd) b(yd)

2 2

e -

u = 800-2 + Htot-2 = 2.76 x 10° exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =

Distance of rebars from upper chord

ds = (43 202 354 370 538)T

Area of reinforcement at each depth

As = (2A(12) 2-A(8) 2A(8) 2-A®S) 2A(12))T

jﬁ.«:' rows(As) js=3
dsmax = max(ds) dsmax = 538
Js

As_tot = Z As; = 753982

3=1
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Prestressing reinforcement
Area of a single strand:

Ap0 =93 ¢p =127 mm  nominal strand diameter
Depth of prestressing strands from upper chord:
dp = (380 480 530)T

Area of strands at each depth:
Ap = (2-Ap0 0-Ap0 12-Ap0)’

opl = 1400 MPa
oprec = (0.4-ap0 opl apO)T initial prestressing
perdite = 0-(1 1 1)‘1‘ in percentual % (losses are introduced later)
jp = rows(Ap) p=3
k=1.jp
[{ 100 - perditekq [ 3560
oo, = oprec, :| ——— .
£ * 100 co=|14x10°

_ P P ' L14x10°
Ap_asae APy Ap_tot= 1302 x 10

k=1
ypmax = max(dp) ypmax = 530

P

Netot= 3 ((Apcooy)) Np_tot = 1667x 10° N

k=1 L Sl el LA total prestressing initial force

P
D (dpy-Ap ooy

Yp = o ‘I = 520.625 mm centre of gravity of prestressing

P
Z (Apy ooy)
k=1
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12.3 Material constitutive laws employed in the calculation
T I I 1
oF - —_
ac(e)- 10f =
acc(g)
0 -20r =
-30f 5
- 40 A : ! L
- 4x107° -3x107° -2x107° -1x1072 0 1x107
500
ode) '@
- 500}~
0.05
2.046x10° : . .
1.023x10°F -
op(e) o
- 1.023x10°F
2 046x10° 1 1 1
A -0.02 0 0.02
£
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12.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION
Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Hitot 5
Ac:= J b(y) dy Ac=3321x 10
0
ps = % =227x10 ° geometric ratio for longitudinal mild reinforcement
Ac
Ap_tot -3 3 . b .
pp = _{“c =3921x 10 geometric ratio for longitudinal prestressing tendons
ptot = M =6.191x 10~  total geometric ratio for longitudinal reinforcement
Ac

First moment of the concrete area

Htot g
Syc = J’ b(v)-ydy Syc= 1128 x 10
0
Centre of mass of the concrete area
G vG = 339.696
Ac
Second moment of the concrete area
Htot N
Ixo_cls = J‘ b(y)-(y - vG)“ dy Ixo_cls = 8.927 x 109
0
Global area of all prestressing reinforcement
Area tr= |s« 0 Area tr = 1302 x 10°

for x= 1. jp

si—.-\px-l- s

First moment of the area referred to prestressing reinforcement only

P
Sip = Z (Ap,dp,) Sxp = 6.622 x 10°

i=1

Centre of gravity of prestressing

Sxp
Yp= Yp = 508.571
Area tr y

Idealisation coefficients (elastic)

e np = 5.465
Ecm
E
ns = ol ns = 5.605
% Ecm
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Area of ideal cross-section

Aid = Ac + ( S N i p

Aid = Ac+ (np - 1)- Z .—\pj + (ns - 1)- Z A.sj Aid = 3414 x 10
j=1 j=1

First moment of the reinforced concrete area

)5
Sxid = Ac-yG + (np — 1)-(Area_tr-Yp) + (ns — 1)- Z [.-\sj-dsj) Sxid = 1.168 x 108
=1
Centre of mass of the reinforced concrete area
Yid = SL: Yid = 342.145

Second moment of the concrete area subtracting the effect of reinforcement
, . 2 i - o
Ixoidcls = L b(y)-(y - Yid)“dy - Z [.«\pi-(dpi - Yid) ] - z [_-.\_sj.psj - Yid) ]
i=1 j=1

Second moment of the prestressing reinforcement area

P R
Ixoidprec = np-z [.--\pi-(clpi - 'fid)‘]

i=1

Second moment of the mild reinforcement area
Js 3
Ixoidlenta = ns- z [.—'\sj-[ dsj - Yid' :I
=1
Second moment of the idealised reinforced concrete area

ko id = Eeoidels + Bioidpec + Eoidlenta o id = 9240x 100  mmM
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12.5 Loads
gl =83 kN/m dead load from self-weight
g2 = (2+289)-945=46211 kN/m nonstructural dead load
q=2835 kN/m live load
L=750 mm calculation length (span between supports)
2 =03 non-contemporaneity factor for quasi-permanent load combination
Pl =035 non-contemporaneity factor for frequent load combination
( 2
Mq SLSgl(x) = (gl)-]k%-x - %] SLS bending moment distribution from self-weight load
(I_ x2 : Sl
Mq _SLSg2(x) = (g.‘a)ALE-x e SLS bending moment distribution from nonstructural dead load
2
Mq_SLSq(x) = (q-npz)-[%x - %—] SLS bending moment distribution from live load

12.6 Prestressing transfer and time-dependent behaviour

[TRANSFER OF PRESTRESS (§13.5.3)

al =1 gradual release of prestressing

o2 =026 for 7-wire strands
opm0 =op0=14x10° MPa

nl =1 in favourable position
qe  al-a2-opm0

L5 ni{CEem) - 9

Iptl = 0.8lpt = 725.597 mm

Ipt : = 906.996 mm  basic value of the transmission length following §(13.4)

lower-bound transfer length following §(13.6)

Ipt2 = 121pt = 1.088 x 103 . upper-bound transfer length following §(13.7)
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gl =83 kN/m dead load from self-weight

g2 = (2+289)-945=46211 kN/m nonstructural dead load

q:=2835 kN/m live load

L=750 mm calculation length (span between supports)

2 =03 non-contemporaneity factor for quasi-permanent load combination

Pl =03 non-contemporaneity factor for frequent load combination

Mq SLSgl(x) = (gl)-{%-x - %) SLS bending moment distribution from self-weight load
2

Mq _SLSg2(x) = (gz)-{;x - x?) SLS bending moment distribution from nonstructural dead load

2
Mgq_SLSq(x) = (q-1p2)-[%-x - %] SLS bending moment distribution from live load
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Prestress losses

hn = 2_.'-\_.: = 240.643 mm

u

N
A =079+ B0=200 025 079) = 0785
ot (500 — 200)

L
e 1000 % shrinkage strain assumed as a result of laboratory tests on the specific concrete mix employed
p1000 = 0.025 for class 2 (low-relaxation) tendons
kp = 0.16
t=50365=1825x 10" days Life span
_‘_\'. D . -:- Ve - Y; A ¥n - Y

oepQPA) = p‘_tot . [Mq SLSgl(x) - Np_tot Qp Yid)]-(Yp - Yid) o'chP?J(E} T

Aid Ixo_id L2

stress in quasi-permanent load combination at 2 days
(conventional equivalent time for prestressing release)

Mq_SLSg2(x)-(Yp - Yid)
Ixo_id

oepQP3(x) = ochPB(%) = 5847

stress in quasi-permanent load combination at 23 days
(conventional time for assemblage of the structure on site)

Mq_SLSq(x)-(Yp - Yid)
Ixo_id

stress in quasi-permanent load combination at 91 days
(conventional time for enter in use of the structure)

kp
Agpets.g) = [@0 + %-(achPl(x) + TepQP23(x) + G@le(x))].Plom.{%)

acpQPRI(x) =

o‘chPQl{%) = 1.076
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B

RH =50
t0_adj(t0) = t0

B3bc_fem =

8 30 4
=0.112  Bbe_t_t0(t.t0) = e{[ 4 o‘oss) (t - t0) + 1]
(—fem)®”’ t0_adj(t0)

412

Bde_fom = = 1.588

(-fcm}l'4
RH

i

100

Bdc_RH = = 0.804

0lr—
1

Bdc_t0(t0) = >
0.1+ tO_adj(tO)o"

1
3.5

V10_ady(t0)

0.5
oocm:=[ > ) = 0.813

—fem

~N(t0) =

23+

Bh = min(1.5-hn + 250-acm, 1500-acm) = 564.124

(t0)
( -0 T
Bdc_t_t0(t.t0) ._[ = ):|

pde(t, t0) = Bdc_fem-3dc_RH-Bdc_t0(t0)-Bdc_t_t0(t,t0)
wbe(t,t0) = Bbe_fem-Bbe_t_t0(t.t0)
p(t.t0) = pbe(t.t0) + pde(t.t0)
P(t.2) = 2718 @(t.91) = 1.363

=
2 T T T

p(days.2)

o(days.23) | |

p(days.91)l§,/ e -
G 1 1 1
0 5x10° 1x10* 1.5x10°

days
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| 2 2

[MME-DEPENDENT LOSSES OF PRESTRESS (§7.6.4) |

—€cs-Ep - 0.8-Aopr(x.1) + -;l-(o'chPE{x)wp(LZ) + ocpQP23(x)- p(t.23) + ocpQPII(x)-p(t,91))
Aop_csr(x,t) = —

1. B2 '.-\p_!atl[i . .-g (Yp - ¥i d)z}f 1+ 08 K:2-TcPQPAx) + p(t.23)-0cpQPI() + ¢(t.91) TcpQPIL() J
Ecm Ac Ixoidels { aepQP2(x) + ocpQP23(x) + oepQPII(x)
prestress losses following §(7.35)

NOTE: a weighed creep coefficient was considered accounting for the 3 load phases previously introduced

opm(x.t) = opl - % -(ocpQP2(x) + ocpQP23(x) + ocpQPI1(x)) + Aop_csr(x.t) prestress considering immediate and delayed losses

{1 ]
opm —.t ; : T §. s

\2 0857 expected residual prestress ratio after 50 years of life with respect to initial

apl
(L
i ; : - . o
gpm = #-Epﬂ expected residual strain after 50 years of life with respect to initial
op

o‘pu{% .t)‘.f-\p_tot = 1.563 x 106 N residual prestress force after 50 years of life

6

Np_tot = 1.667 x 10 N initial prestress force

12.7 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

Hitot ip 18

N(e_sup.0) = z (ocfe(y;.c_sup.0))b(y,)-Ay) + z 1crp{£|dpj.£_sup.9}+Epm]}-:\pj}+ Z 1as[£{dsj.£_sup.9“-.&s}-}
i=1 j=1 =it
Htot P s

M(e_sup.0) = z ]:crc{E1}'i,Ewsl.q:,lll”-biyij‘b}'-{yi- }ﬁﬂ - Z [ap{E{dpj.E_sup_ﬂ| - Epmj}-.'-\pj-{dpj - }'G}] - Z [cs{i[dsj,E_sup,i)”‘Asj]dsj - yﬁﬂ

i=1 j=1 j=1

Design external axial load
NS =0
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—
1

Moment-curvature [kNm]

40

/
! /’
800} :
oo !
10°
el 600 f
M_EL 4
10° ,
M E]_pcdlw f.
10° '
200+
{
!
0
0 1x10~°
B,
0
/'I
n‘r /
]
- 2001 -
s
-_)'i _..'f
— 400F /
/
FII
-10 0 10 20 30
— (e Vi-€_SUPemeg- Oemes) ) - — OC| [ Vi €_SUPeenes. Oemmea) ) (= € ¥i- €_SUPeens - Bemea) - 1000)

Condition at resisting (peak) moment
(stress and strain)
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12.8 Bending moment distribution

~gl = 135 partial safety coefficient for self-weight structural loads
~gld = 135 partial safety coefficient for non-structural certain dead loads
qgm= L3 partial safety coefficient for live loads or non-structural uncertain dead loads
( L xz }
Mq ULS(x) = (gl-ygl + g2-~g2 + q"fq"":\_;'x e~ moment distribution at Ultimate Limit State (ULS) fund tal load combi following a uniformally distributed load q
; 2 2
Mgq SLSr(x) = (gl + g2 + qj-[l\évx - XT] moment distribution at Senviceability Limit State (SLS) rare load combination following a uniformally distributed load q
F i)
2 ettt Seniceability Limit State (SLS) i ¢ g o il
" mbination foll £ Iv distributed
Mq_SLSE(s) = (gl + g2 + $1-q)- %_x _ xT} moment distribution at Serviceability Limit State (SLS) freq oad co! ga y oad q
‘.: 2 .
Mgq_SLSqp(x) = (gl + g2 + |||3-qj-;\ I?' X 5; } moment distribution at Senaceability Limit State (SLS) quasi p t load ¢ ing a uniformally distributed load g
D T
Mg _SLSe(x) = (gl + g‘.’)\%x - ‘?] moment distribution at Seniceability Limit State (SLS) p load bination following a unif ly distributed load q

-1+

Mp_SLS(x) = i} x < Ipt,opm(x.t)-Ap_tot-(Yp - Yid)-ﬁ .n’|:x > L = lpt,opm(x.t)-Ap_tot-(Yp — Yid)- = .opm(x,t)-Ap_tot-(Yp - ‘ﬁd):ﬂ

Ipt

contribution of prestressing equivalent load in SLS (without modification factors)

i=01
ACTING MOMENT [kNm]
500
- Mq ULS()
10°
— ) 0
—Mq SLSr(D)
10°
- Mq_SLSqp(i)
10°
Mp_SLS() - 500
10°
- 1x10°
0 2x10° 4x10° 6x10°
i
distance from support [mm]
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12.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

v_SLSgl(x)-(\p(t.2) — p(t.23)) + v_SLSg2(x)-(1 + (t,23))
1.05

v_inf_p(x) =

deflection profile at 50 years including creep for permanent load combination
v_SLSgl(x)-(¢(t.2) — @(t.23)) + v_SLSg2(x)-(p(t.23) — @(t.91)) + v_SLSqp(x)-(1 + p(t.91))
1.05
deflection profile at 50 years including creep for quasi permanent load combination

v_inf gp(x) =

v_SLSgl1(x)-(¢(t.2) - p(t.23)) + v_SLSg2(x)-(1p(t.23) — @(t.91)) + v_SLSqp(x)-(t.91) + v_SLSr(x)

rinf =
e 105
deflection profile at 50 years including creep for rare load combination
DEFORMED SHAPE
10
ok
E —v_inst_ULSG)
§ —v_inf r(i)
£ —vinfgp@d —10
B —
5 —v_inf p(d)
é - -
s
-20
-30
0 2:10° 4x10° 6x10°
i
distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§9.3.4)

\'_inf_r(%) = 6.082 < % =30 EHECK maximum deflection

values calculated from differential equations above

v_inf _pr%] = 0123 > ;—; = -30 EHECK maximum camber
-
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SLS STRESS CONTROL (§9.2.1)

kl =06 rsup = 1.05

k2 =045 prestressing modification coefficients

o ninf = 095

i5=08 Np_tot = 1.667 x 106
ki=1

k=08 0.75 in EN1992-1-1:2002

NOTE: the denomination of the allowable stress coefficients following k factors was kept similar to that of EN1992-1-1:2002

—Np_tot-rsup o [Mq_SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
Aid Ixo_id
elastic stress of bottom concrete chord for selfweight loads only

ocpgl_bot(x) =

—Np_tot-rsup " [Mq_SLSgl(x) — rsup-Np_tot-(Yp — Yid)]-(-Yid)
Aid Ixo_id
elastic stress of top concrete chord for selfweight loads only

ocpgl_top(x) =

caepgl_tops(x) = _Es | -Np_tot-rsup + [Mq SL36M®) — omp-Np_tot-(Yp - Yid)]‘(dsl i “d.'
= Ecm Aid Ixo_id

elastic stress of top series of mild steel for selfweight loads only
~Np_tot-rsup i [Mgq_SLSf(x) - rsup-Np_tot-(Yp — Yid)]-(Htot - Yid)

f bot(x) =
aepf_bot(z) Aid bo_id

elastic stress of bottom concrete chord for frequent load combination

~Np_tot-rsup i [Mq_SLSr(x) — rsup-Np_tot-(Yp — Yid)]-(Htot — Yid)
Aid Ixo_id

ocpr_bot(x) =

elastic stress of bottom concrete chord for rare load combination

-Np_tot-inf _ [Maq SLSr(x) - rinf-Np_tot-(Vp - Yid)]-(-Vid)
Aid Ixo_id
elastic stress of top concrete chord for rare load combination

acpr_top(x) =

-Np_totrsup _ [Mq_SLSr(x) - rsup-Np_tot-(Yp - Yid)]-( dp,, - Yid)
Aid Ixo_id
creep stress of bottom prestressing steel for rare load combination

acpr_p(x) = opm(x.t)-rsup + 15-[

Np_totrsup [Mq_SLSt(x) -~ rsup Np_tot-(¥Yp - Yid)}-(ds;, - Yid }]

oxpe iy 15
-5 = { Aid To_id

creep stress of bottom mild steel for rare load combination

234

acpgl_bot(iptl) =

acpgl_top(lptl) =
acpgl_tops(lptl)

acpf_bo{ %) =—

acpr_bo{%) =2

onf2)

ocpr_top) — | = -
\2

crcpr_p{%) =12}

(L
ocpr si — | =156
CP"L2J
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=IN1ITL= 1= 1. EUVL
2
oepgl_bot(lptl) = ~12.091 > kl-ee(2)” fek = -18.733 [EHECK
> Kfck = -2025
oepgl_top(iptl) = 4.893 < fetmj(2) = 2731
oepgl_tops(lptl) = 20.366 < K3-fsk = 400

crcpf_bo{%] = ~0.196 < fotm=3795 EHECK

crcpr_bo'{ %J = 2.368 < fctm = 3.795

o-cpr_top(%] = —16.443 > kl-fck = =27
& > 0.4-fom = 212

3

ocpf_p%] =12712x 10° < KSfptk = 1.488 x 10

o-cpr_s( %) = 15.667 < k3-fsk = 400

SLS CRACK CONTROL (§9.2.3)

¢_act == Htot - ds, -10=32

ksurf = mu-{ cact )=1.5
lO-I-cmm dur s

whm_cal = 0.2-ksurf = 0.3 mm

w_freq=0 < wim_cal =03  |[CHECH
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12.10 ULS checks
ULS BENDING-AXIAL CONTROL (§8.1)
Mq_ULs(%]
Mrd = 898613 kNm > ————=~ = 81648 EHECK
10

resisting moment calculated from moment-curvature diagram above

ULS SHEAR CONTROL (§8.2)

shear action distribution at Ultimate Limit State (ULS)

|
Vq_ULS(G) = [(glgl + g2 + q'"“”‘{i - x)

d=Yp=>508571 mm effective depth of cross-section

VEd = Vq ULS(d) = 3.764 x 105 N design shear action at control section at distance d from support
v =13 safety factor for initial shear check

bw =400 mm design web width

z:=08d=457714 conventional lever arm of internal stress resultants

7Ed = :dz = 2.056 MPa equivalent mean acting shear stress on control cross-section
Dlower = 16 mm maximum aggregate diameter following assumed mix design

R
ddg = m{ﬂ{-&k > 60,16 + Dlowet-{%) 16 + Dlowe{|.-l€] =32  size parameter
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MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§8.2.2)

. - ﬂ ~fck § d;dg
Rde_min3) = — J—(fptd e §(8.20)

TRdc_min(d) = 0.618 MPa not checked with TEd -> detailed evaluation is mandatory following §8.2.1

s
Ap tot + Z .-\sj

pl(x) = bwjd' : longitudinal geometric reinforcement ratio §(8.28)

ep = Yp - Yid = 166.426 mm eccentricity of prestressing

acs_0(x) = wd) §(8.30) accounting for comments in §8.2.2(5)
= Vq ULS(x)

05 d) Ac Ac
= mn+ : - I 018 — 8.34
LS acs_0(x) (ep N 3) bw-z - bwAz:| & )

av_0(x) = {%0(1}4 §(8.29) accounting for comments in §8.2.2(5)

1

3
TRde_0(x) = %-(lw-pl(x)v—fck- ddg J §(8.33)
Al av_0(d)

6
TRdcmax(x) = mi 2.15*er¢_0(:¢){¥;]®) ,2.7-TRdc_0(x) §(8.35)
oep(x) = apm(x.t}-L;:'“ §(8.33)
TRdc(x) = max(min(TRdc_0(x) + ki(x)-ocp(x) . TRdcmax(x)) . TRdc_min(x)) §(8.32)

Vrd(x) = bw-z-TRde(x)

SHEAR RESISTANCE FROM SUPPORT WITHOUT SHEAR REINFORCEMENT

5%10° | ; :
4x10°
VQULS® 3u10°
Vel 2x10°

shear action [N]

0 1 1 1
0 1x10° 2=10° 3x10°

distance from support [mm]
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MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§8.2.3)

v = atar{%) = 0.464 angle of inclination of concrete compressed strut
—— §8.2.3(6) NOTE: steel grade B500A is used

ocd = TEd-(cot(0v) + tan(0v)) = 5.139MPa < y.—fed = 15453 MPa  [DHEGN  §(8.44)

fywd = fsd = 454.545 MPa design yield stress of shear reinforcement steel
82-71
Asw = 2.—— = 100.531 area of transverse shear reinforcement
4
sl =80 mm spacing of transverse reinforcement (first field near supports)
1R sy = "‘““’1 fywd-cot(0v) = 2856 MPa > +tEd=2056 MPa |[CHECH §(842)

WS
MOMENT DIAGRAM ACCOUNTING FOR THE SHEAR RESISTING MECHANISM (§12.3.2)

-

o3 =1 fatigue check not required

Zvcx}ﬂl(fptd - crpm{% t)}
d=lpt) + = =
S CR =

pp=159x10°  mm  §1352

MRA(x) = ﬂ'[x PR T o v (0. B .u‘l} S pl MMy 200G G- -{Mrd = Nguig B,

R fptd  (lbpd - Ipt)
al = :'{@) = 457.714
( Mq_m_s{%} Mq UL d
MEd(x) =if x> — — al, 2L G q_ULS(x + round(z))
L F 10° 10°

1x10° , . .
MEd(1)
MRd(i)

ol 1 1 ;

0 1x10° 2x10° 3x10°
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CHECK OF STIRRUPS FOR SUSPENSION LOAD

Asw-fywd -
L SR (- SO q“] Sstom KN/m < =T KN/m EHEGK] BEFORE TRANSFER OF PRESTRESSING
cot{fv) \3
gl Asw-fywd
B 1354 g2135+ q15= 108644 kN/m < DSWIWE _ng479 kN/m  [EHECH AT MAXIMUM SPACING
3 5.

TR_sy2 = = swd-cot(Bv) = 1904 MPa
- bw-s2
Asw

TRA_sy3 = —— fywd -cot(fv) = 1.142 MPa
bws3

'
Vrd_s(x) = if (x < 1600, 7TRd_sy-bw-z,if (x < 2800, TRd_sy2-bw-z, TRd_sy3-bw-2)) - Lg?l-lji +g2:135+q I.i)-cox(uv}-z

51105 T T T
Bz i
\’;LULS(Q 3=10°F i
g | ] Y VLS _ 00
o - 1 1| ——— i Vrd_s(d)
"0 1=10° 210° 3x10°
CHECK OF HORIZONTAL SADDLE BAR
[571-1.35 +g2135+ q-l.S] 3
E - 100s2=6519x10° Nmm < 7= £54:09220 = 4524 x 10°  |EHECH

horizontal saddle rebars
CHECK OF SUPPORT MILD REBARS

MEd(0) = 187.248 Nmm 2 2 4
" < (4«& s2m 2 |6sa00 20 e [ EEE
O.ZS-MEd[E) = 204.107 Nmm §12.1(4) 4 4 108
fywd 16 2
: 1
MRd(x) =1f| x < 850.09d — 47w — + 2-w-— | + MRd(x).MRd(x
MR(x) s ( ; s ] (). MR(x)
1x10° : ; .
800 ¥
MEdD) 00
MR g0
200
G 1 1 1

0 1x10° 2x10° 3x10°
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ANCHORAGE (§11.4)
Kb = 50
kep=1 for good bond conditions
3
no = =
2
cs =50
cx = 75
cy =40
SH(®) = min(05es.ex.cy.3754) g0 s
11 1
BT 3\ (o 3[1.5-4;)2
bd(d) = maxKbkep | —| | —| 42| | =21} 10
AR q'd’[m} i-ﬁ:n—) (20) cd(d) \
tbd(12) = 341.872
®d(1D) _ 25489

length of straight part for 90° bent bars

1690(ch) = max(70.tbd(d) — 15-¢.10-¢)
1b90(12) = 161.872  1b90(16) = 339.319

length of straight part for 135° bent bars (stirrups)

1b135(dh) = max(50.1bd(db) - 15-b.5- )
1b135(12) = 161872 1b135(8) = 50
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12.11Fire checks

X=

&

g 3
T(°C)

800 °C

700 °C
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200 °C

100 °C

0°C
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+N

+My
AN
/ T
Ff A

A
"y

“‘"“1__‘,/

N /

F
\*“*‘ 'y

1‘*‘-*___*..—{

N:1sp=1100.00 kN; M: 1sp=110.00 kN'm

Nz =  0.00kN
Myt=  861.49kN'm
My-= -112.50kN'm
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13 Reinforced beam element -EN1992-1:2004

13.1 Shop drawings

ENDVIEW [1:5)
= - @
O S 1
ge 3
E |
8 || Fo
0o
(71
i
L]
:
=3
H
e o L 3
3 I
EMDDETAIL | 1:5)
END DETAIL 180 TE60
100 .Eg 101
a 18 i . iy H B! S Bt o ¥ . I - ! 1 1 4 1 1 B i 4 1 i ! | i 1
1 A A A W W AR i i R AR R R RN
P—SECFI‘QN). 7680
SIDEMVIEW (1-20)
e
—
e BIBM Federation of the Europecn Frecast Concrete hdusiny
Code  |NVERTED-T BEAM W.P.EN 1992-1:2004
2D e END DETAIL 3D (120 i shest
SECTION A L1101 (&) £ dic..... bw_bm‘: A | pumper 1 072
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mumbnoil|  7an Humber | Q07 FADss Tartal mctss @_ @ langlfudhng  poffern.t @ _tanswverie pofiem:y
r
o 4 3017 12044 B
r
02 2 ToE2 | 4064 12 mm
'
03 I 5374 13548 12mmi
] 4 2ro%e 108384 24mi
r
e:] 2 14482 28978 24 mm
¥
™,
&5 952 43830 & mm
S
- 12 37 407 15678 Brmm
r
24 4 184 120736 24mm
Tatef mass retsars [kg) : r 31 2 Incidence kgimt 147 ¥5
RT 1 1#ara 19373 & mm 200 rom & mm 200 mim
[ s welde a-wire-meshes [kUEl 19.37 | Incidence £ofm* 760 |
Tobat mans of stee! [kg] | 3P b4 | |Tot<:| concrete voluma [rr'r‘]| 2.55

=2 BIBM

nome

Fedentian af the Furnpean Frecost Cancrete hduntry

Code \NVERTED-T BEAM W.P.EN 1992-1:2004

dic......

Fibrry

I diaiivon

sheet
number

20f2
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13.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y tr = (0 32099 330 580)T
Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400 800 800)7
r_circ =0 radius of central void pipe
2

( Htot)

x_circ(y) = 2jr_citc‘ o | i
\ 2 .

b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

5

b(y) = i:l{y < {M + r_circ) Ay2 % . r_circ.b_circ(y).b_lin(y)]

m:s 0.. Htot

Geometry

o

116

yd 232
— condensed 1D geometry plot

d
¥C 348

464

-400 -200 0 200 400
—-b(yd) b(yd)

2 2

e -

u = 800-2 + Htot-2 = 2.76 x 10° exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =

Distance of rebars from upper chord
ds = (43 202 354 370 488 538)T
Area of reinforcement at each depth

As = (2A(12) 2-A(8) 2A(8) 2-A(S) 0-AQ24) 10-A(24))F

m:- rows(As) js=6
dsmax = max(ds) dsmax = 538
Js 3
As_tot = ‘Zl As; = 5052 10
j=
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13.3 Material constitutive laws employed in the calculation

] 1 I
or =
acle)- 10 N
occ(e)
St - M- -
0 60
-30F -
_40 1 1 1
—4x1073 -2x107? 0
E
500
os(e) 0
- 500
|
-0.05 0 0.05
£
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13.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION
Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Htot 5
Ac = J b(y) dy Ac=3321x10

0

As_tot . ; _— ; .

ps = _\— = 0.015 geometric ratio for longitudinal mild reinforcement

Ac

As_tot 5 ; o :
ptot = _\— = 0.015 total geometric ratio for longitudinal reinforcement

Ac

First moment of the concrete area
Htot g
Syc = J b(y)-ydy Syc=1.128 x 10
0

Centre of mass of the concrete area

PR . vG = 339.696
Ac

Second moment of the concrete area

Htot =
Ixo_cls = J b(y)-(y - y6) " dy Ixo_cls = 8.927 x 10°

0

Idealisation coefficients (elastic)

. _1
oy Eem

ns = 5512
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Area of ideal cross-section

Js

Aid = Ac + (ns - 1)- Z As, Aid = 3549 x 10

j=1

First moment of the reinforced concrete area

Js

Sxid = Ac-yG + (ns - 1) Z (.-\sj‘dsj) Sxid = 1.243 x 10

j=1

Centre of mass of the reinforced concrete area

5

3

Yid = — Yid = 350.13

Second moment of the concrete area subtracting the effect of reinforcement

Htot . js ;
b(y)-(y - Yid) " dy - Z [.-\sj-[ dsj - Yid]"}
i=1

Ixoidels = J'
0

Second moment of the mild reinforcement area
Js 3
Ixoidlenta = ns- " [.—\sj-{ ds; - Yid)‘]
j=1
Second moment of the idealised reinforced concrete area

Ixo_id = Ixoidcls + Ixoidlenta Ixo_id = 9.79 x 109

250
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13.5 Loads

LOADS

gl = Ac:0.000025 = 8302  kN/m dead load from self-weight

g2 = (2+2.89)-9.45 = 46211  kN/m nonstructural dead load

q:=2835 kN/m live load
L=750 mm calculation length (span between supports)
P2 =03 non-contemporaneity factor for quasi-permanent load combination
Pl =05 non-contemporaneity factor for frequent load combination
2
Mq_SLSgl(x) = (gl)-[%-x - %) SLS bending moment distribution from self-weight load
( 2
Mq _SLSg2(x) = (gz)-]k%-x - %) SLS bending moment distribution from nonstructural dead load
- 2
Mq_SLSq(x) = (q-d;!)-[%-x - %J SLS bending moment distribution from live load
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13.6 Time-dependent behaviour

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

h = 2_.-\_(: = 240643 mm notional size of the member
u

RH = 50 % relative humidity
t0_T(0) = t0

=1 for cement class R

9 a time modification due to type of cement §8.9
t0_mod(t0) = t0_T(t0)- — .05
2+ 10_T(t0) 2 t0_mod(2) = 6.189

-
i

ocl = | = (.748

\ ~fem
.2

0
ocd = {i) =092
\ —fem

[ 35 )°‘

0.5

(35 ) = 0813

oc3 = |

~fem
B3h = if| -fem > 35.3&:{1.5-[1 - (0.012-RH)ISJ-}10 - ISDv&cZ‘a.lSOB-mSJ.nﬁrL.S-[l - (QO!E-RH)ls]-hO - 250.1500ﬂ = 564.161

1
B3t0(t0) =

02
0.1 + t0_mod(t0) -
03

Be(t.10) = [ t — t0_mod(t0) )

3h + t - t0_mod(t0)

Bfem = LS = 2308

—fem

_RH -
@RH = if| —fom > 35.| 1 + 3 acl [-ac2.1+ - = 1474
0.1-3/H0 0.1/
p0(t0) = pRH-Bfcm-Bt0(t0)
P(t.10) = O(t0)-Be(t, 10)
o 4
t = 50-365 = 1.825 x 10 @(t.2) = 2.188

@(t.91) = 1.304

s |
2|
pldays. 9D :

0 L 1 L
0 5x10° 1x10* 1.5x10°

days
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13.7 Non-linear moment-curvature diagram
Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

Htot Js
Nfesup.0) = " (ocfe(y;._sup.0))by;)- Ay) + 3 (os(e(ds;.c_sup.0))-As)
i=1 i=1
Htot Js )
M(e_sup.b) = Z ["clel>’i-5_5“P-‘*H'b()’ill‘ﬁi"lYi‘ FG}P Z [GS'E'dsj'e-m'ﬁ”"“j“sj P YGU
i=1 il

Design external axial load

NS =-0
Moment-curvature [kNm]
: _
1x10°
M,
10°
M_EL
10° 500
M_EI p,
108
o |
0 5%10°° 1x10™> 1.5%10°°
HC
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G f |
Ir'.
- 2W = —% -
= Yi
-¥i ;,'
-V /
/
- 400f / =
¥
!
=10 0 10 20 30 40

= 0| €| i.€_SUPcmed. Bemes) ) . — 0| €] Vi€ _SUPcmes. Oeme) ) | — €[ Vi-€_SUPcmes - Bemes)- 1000)

Condition at resisting (peak) moment
(stress and strain)
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DESIGHN AND

13.8 Bending moment distribution

~gl =135 partial safety coefficient for self-weight structural loads

~g2 = 1.35 partial safety coefficient for non-structural certain dead loads

=15 partial safety coefficient for live loads or non-structural uncertain dead loads
r'L 23
Mg ULS(x) = (gl-4gl + 2482 + gvq)-| 3= %J moment distribution at Ultimate Limit State (ULS) fund: | load combination following a unift lly distributed load g
( N
Mq SLSr(x) = (gl + g2 + q}-.\%-x - ij moment distribution at Serviceability Limit State (SLS) rare load combination following a unif lly distributed load q
I L x moment distribution at Seniceability Limit State (SLS) fri t load a dload q
Mg SLSf(x) = (gl + g2 +l-g) =x- — - i b
q_SLSf(x) = (g1 + g2 + 1) un 3
( 2
Mq SLSqp(x) = (gl + g2 + 4-1.‘]}{ %.1 - XT] maoment distribution at Seniceability Limit State (SLS) quasi f nt load bi following a uniformally distributed load g
-I.l :2
Mg SLSz2(x) = (gl + g}}-‘k-;-x - —’-} moment distnbution at Seniceability Limit State (SLS) permanent load combination following a unif lly distributed load q
i=0.L
ACTING MOMENT [kNm]
Vi
- 200
- Mg ULS(D)
of
— — 400|
— Ma SLSe(D)
10°
-Mq SLSqp{i) - 600
10°
— 800
~1x10° - - -
0 210 4107 6107

1

distance from support [mm]
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13.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

v_inf p(x) = v_SLSgl(x)-(p(365-50.2) — (365-50,23)) + v_SLSg2(x)-(1 + (365-50,23))
deflection profile at 50 years including creep for permanent load combination

v_inf qp(x) = v_SLSg1(x)-(p(365-50,2) - p(365-50,23)) + v_SLSg2(x)-(1p(365-50,23) - (365-50,91)) + v_SLSqp(x)-(1 + ¢(365-50.91))
deflection profile at 50 years including creep for quasi permanent load combination
v_inf _r(x) = v_SLSg1(x)-(p(365-50.2) — p(365-50.23)) + v_SLSg2(x)-(p(365-50.23) — (365-50,91)) + v_SLSqp(x)- (365-50,91) + v_SLSr(x)

deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE
20
0
£ -v_inst ULSG)
g —v.infr()
B —
2 -v.infgp() ~0
-"_-é - v_inf p(D)
4
- 40
- 60
0 2x10° 4x10° 6x10°
i
distance from support [mm]
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SLS DEFLECTION CONTROL - RIGOROUS METHOD (87 4.3)

-L
camber = 30 mm = tisryie o
. . 250
imposed camber by mould shaping
LY
v_inf 1 — | — camber = 26.233 < — =30
\2) 250
value calculated from differential equations above
SLS STRESS CONTROL (§7.2)
kl=08
12 = 045
K3=08
k=1
K3 =075
G by LS g U i) cr.:pf_bof;(E ot
Ino_id 2/

elastic stress of bottom concrete chord for frequent load combination

Mq_SLSF(x)-(ds,, — Yid}i|

asf bot{x) = 131
bot(x) |: Iro_id

I‘I. L \
osf bot) — | = 139018
L2/

creep stress of bottom reinforcement |ayer for frequent load combination

Mg SL3r(x)-(Htot — Yid i
ocpr bot(x) = q S (_ sl acpr_bot — \E = 13.68
Ino id 2/

elastic stress of bottom concrete chord for rare load combination

Mg SLSr(x)-(-Yid FEY
oepr_top(x) = w ocpr_top — | = -20.837
Ixo_id 2/

elastic stress of top concrete chord for rare load combination

Mq_SLSr(x)-{ dsji - Yid}:|

oepi o L) = 167707
Lo id R B

\

oepr s(x) = 15-[

creep stress of bottom mild steel for rare load combination

257

maximum camber

maximum deflection

fotm = 3.793

fotm = 3.793

kl-fck = -27
0.4-fem = 212

k3-fsk = 400

if not -» cracked
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S5LS CRACK CONTROL (87.3)

c_act ;= Htot — dsjs - 10=732

|". i Y
o e L O - o S (S0
K 10 + emin dur s

wlim_cal = 0.2 i
kKlc =08 h=24
E2c =03

Eic =34

kdc = 0423

cover = Htot — E —ds. =30
2 15

. . Hiot—Yan H ;
Aceff = b(Eitot) min 2.5-(Eitot - ds,). ik = 2ol tﬂ —s4x 10"

3
.i's.sjE + AEjs—l
eff = —— = 0034
PR Aceff
stmax = k3c-cover + M = 1770738
ppeff
k=04 MOTE : 0.6 for sustained loading

feteff = foctm = 3.793

(LY foteff | E i EN
-::rsf_bnt:;;—kt- Ezﬁ'-;l+ai-ppeff: crsf_botiE:_
£sm_fcm = m S EE - L 06 LSt 5123
- Es Es
wk = smmax-2sm_gcm = 0.081 = wlim cal = 02

258




. . * N
cmn S35 BIBM EC2 project - calculation report %/1911
13.10 ULS checks
ULS BEMNDING-AXIAL CONTROL {86.1)
"I
Mq_L‘-'.E_S:"% |
Mrd = 97472 > M7 316449
]
19
resisting moment calculated from moment-curvature diagram above
ULS SHEAR COMNTROL (86.2)
. o " PRS-
VA ULS() = \(glnyel + e2782 + 7@ T X/l shear distribution at Ultimate Limit State (ULS)
g dsjs = il effective depth
VEd = Vg ULS(d) =373 x ‘11]1j M maximum shear at effective depth from support
bw = 400 mm web width
g conventional resultant lever arm
MEMBERS MOT PROVIDED WITH SHEAR REINFORCEMERNMT (86.2.2)
=
As,
_ ]
pl = A = 0.023 reinforcement ratio
bw-d
aep(x) =0 MPa axial load induced by prestressing
fr i
kv = min| 1+E.2 = 1372
| d
Klv =013
Crde = i = {0129
~cpeored
3 1
i G035 Ty S 061 §6.3N bw-d-| Crde-b

{vmit1 + klv-

VRdc(x) = mzﬁl[{:rdc-kv-{lﬂﬂ- pl-—f'-:k}3 + L:h'-::rcp{x}j|-bw-d,[vmjn + k‘l‘.'-ﬂ't‘p{::{}}-b‘ﬁ-d:| §62 34862 Db
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Vq ULS(1)
Vrd(1)

2<10° 3x10°
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MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§6.2.3)

fywd = fad = 434545 MPa design yield stress of transverse reinforcement
Sl
Asw =22 _ 100531 area of transverse reinforcement (pseudo-vertical stirrups)
4
_ {1 o
v = atan] ) = 0581 angle of inclination of concrete compressed strut
23)
s1 =100 min spacing of transverse reinforcement (end field)
” Asw , 5 3 . .
Vrds = zfywd-cot{fv) = 3531 x 100 N = VEd =373 x 10 shear resistance on steel side (§6.5)
1
{ fok
vl =06{1— — | =0708 §6.10
L 230
: - oop(s) | . Ay T
owew(x) = if| ocp(x) < 025 —fed .1+ ——— .ifjocplx) > 0.5-—fed 251 - ——— | 125
() |: op(x) fed L op{x) L fed ) §6.11
L T I S
ANy = o0 D Ly cot(By) + tan(Bv) shear resistance on concrete side (§6.9)

Vrdmax(d) = 152x10° N >  VEd=373x10°

MOMENT DIAGRAM ACCOUNTING FOR SHIFTING DUE TO SHEAR RESISTING MECHANISM (§8.2.1.3)

; 4 +3500 _f 3 4 [ 3 2 — 1800 )
sty =abce o 0 ol s e ain Lo Lo Xl v en Ry e s ) gJ
L 10 640 | 10 10 1800 | 10 10 2720 — 1800 )
{ P
o SN oasas
L 2 )

.
it

(L}
Mg ULS — |
V2] Mg ULS(x + round{z))

MEAE)  ap
MRAD aonf

0 1x10° 2x10° 3107
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MINIMUM REINFORCEMENT
bt = b(Htat) = 800 591N §92110)

£ fotm
Asmin = mad 0262 be 4 00015bt-d | = 849451 mm2 < pLAc=7796x10°  mm2  |[DHEOR < 00tAc=13:8x10' [DHEGH
\

fsk /
s3=200 mm < d-0.75 = 403.5 mm m for shear reinforcement §9.6MN x3 = 3400 UL
larger stirrup spacing in the middle of the beam
Asw -3 ek -3
p_min = 3:" =1257 %10 " > 008 3= = 1073 107 EHECK §9.5N
g3-DwW 5.

CHECK OF STIRRUPS FOR SUSPEMNSION LOAD

ﬁ + {%1-1.35 +g135+ q-i.i} = 41675 kN/m < w =156959 kN/m |[DHECH

2= 150 mm = 1300

midlle field of stirrup spacing ; :

Vrds2 = Aszw-z-f}wd-cot{av) —3688x10° N > Vq ULS(2) = 2264« 10° | EHEGH i\g?l”j TR q""j} =
%1-135 + 2135+ g15=108645 KN/m < w -so4630 kN/m  [EHECH

(et )
Vrd(x) = if(x < X2, Vrds if(x < x3.Vrds2, Vrd(x))) - ikg?-iji 482157+ q.l_jj.con(av}-z

3107 i : :
, il : i s1=100
Vg ULS{1) kTS lid .
B S e ¢ s2= 150
1x10°F ; i
1 | ., 53 =200
o 3 =
0 1x10° 2107 3x10°

MNOTE: first section to be checked at distance d from support
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CHECK OF HORIZONTAL SADDLE BAR

=3 i
! %-1_35 + 2135+ q15] ) 2
: L.100-52= 8148 100 Nmm < o 5809220 = 4524 x 10®

2

CHECK OF SUPPORT MILD REBARS {§3.2.1.4(1))

/
0.23-Mrd = 243.68 Mmm o
\

-

b
J:-fsd-{i_‘:'r-ﬂ = 233186

16
Pl 6
10

127
domp—
4

AMCHORAGE (§8.4)

ml=1
md=1

fhd =225ml-n2-fctd = 427

h fsd
tbrad($) = ==
alb =1
ol2b =1
odb =1
odb =1
ojb =1

Ibd(d) = alb-alb-adb-odb-adb-lbrgd(d)
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13.11Fire checks

1000 °C

T(°C)
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22| 23 | 27| 34 | 47 | 70 |100|204|363 657

2(23(|27|34|48| 72 mn'%'m 678

22|23 |27| 35| 49 | 73 |103218|388|684

22| 23 | 27| 35| 49 | 73 |105|220(391 |686

22| 24 | 27| 35| 49 | 73 |106|220|392|687

22| 24| 27| 35| 50 | 73 |107|220|392|687

22| 24|27 35| 50 | 73 |107|221|392|687

22| 24| 27| 35| 50 | 73 |107|221|392|687

22| 24| 27| 35| 50 | 73 |107|220|392|687

22| 24| 27| 35| 49 | 73 |106|220|392|687

22|23 | 27| 35| 49 | 73 |105|220|391 |686

22|23 | 27| 35| 49 | 72 |102|218|389|685

22| 23| 27| 34| 48 | 71 |100(214|383 681

22| 23| 26| 33 | 46 | 69 | 100205369669

21|23 | 26| 32| 44 | 65 |100187|338|632

2112212530 | 40| 58 | 92 |154)275 | 508 |5 783 787 ] 700] 195 [ 805 [822 853|902
21| 22| 24| 28| 35| 49 | 73 |100|186|300|422|476 498 508|517 529|554 | 600 681 |823
21| 22| 23| 26| 31| 41| 57| 80 |104|174|227|261|280|291 | 303 | 322|358 |425 | 546 | 759
22| 22| 23| 25|29 35| 45| 59 | 78 |100|119|144 159|169 181|202 | 247|328 471 | 723
24|24 |24 |26|28|31|37|46| 56|68 | 78|89 | 98 |100{100|130|183|274 430|704
27(28|28(29|30|32|35|40| 45|52 |57 |63 |69 |76 |86 |100|153|247 (410|695
35(35|35(36| 36|38 |39 | 42| 44|48 | 5155|5966 |77 |97 140|237 |403 692
50| 50| 50|50|50|51|52|53|54|56|58|60|63|69 |80 |100|145|241|406|693
73| 73| 73| 73| 73| 74| 74| 75| 75| 76 | 77| 78 | 81 | 87 | 97 |100|166|259 419|699
71107(107(107(107|107|107|107| 108|108 | 109| 110| 112| 116| 124| 140| 165|213 | 299| 448|713
||221|2214221 221|221 2204221 | 221|221 | 221221 |222|223| 227 | 237 | 258 | 298 _%_ms 740
2|392|392|392|392|392|392|392|392| 392|392 | 392|393 | 394|397 | 403 | 418| 448 | 505 | 608 | 788
7687|687|687|687|687| 687|687 | 687|687 | 687|687 | 687|688 | 689|692 | 699|713 | 740| 788|871

265




dlc consulting BIBM EC2 project - calculation report {Jf@;‘l
+My
——
f RN
[ G
i N
ff
| * N
X N
* X\
e \‘1 N
\
¥

h\L ){ /

1

e

N:1sp=1200.00 kN; M: 1sp=120.00 kN'm

Nz = 0.00 kN
Myt+=  1019.80 kN'm
My-=  -60.61 KN'm
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14 Reinforced beam element - FprEN1992-1:2022

14.1 Shop drawings

EMD VIEW [ 1:5]

() o
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SECTIONA(1:-10) T2

SIDEVIEW (1:-20)

END DETAIL3D (1 -20)
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Thombnal  Par Mumber @Y Mass T —— pottern_T | @ _lronsverse patrer L
r
o1 4 aon 13044 B mm
r
o2 o 032 14044 2
r
(k] @ hiT4 134548 “mm
v
o0& 4 27074 108384 24 mm
r
= bt
o7 2 163%¢ 772 24 mm
= r
N
L 1 73 982 71888 10 mm
r
e 2 u e 13642 &mm
r
24 4 30184 | 20736 2amm
Total mricss rebars [kg| ag 92 Incidence kg/m® 153,30
Rl I 19373 19373 200mm &mm 200 iy
| micss weldo d wire-meshos [k.g§| 19,37 | Incldence kgfm? 740 | |
fotal mass of sieal [kg) 41030 J |1cral cancreta volume md) | 2.55

Frojact
=i

BIBM

Federgtion of e EUropean Frecast Concrefe indusmy

Code  |NVERTED-T BEAM WP FprEN 1992-1:2022

dle.....

i

I w

1
L

sheef
number

20f2
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14.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

v tr=(0 32000 330 580)°
Htot = max(v_tr)
heopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b tr = (400 400 800 800)"

r cire =10 radius of central void pipe
2 | Htot |~
xecire(y) =2 [feoire” — |y — oot |
Il' 2 II|

b _lin{vy) = linterp(y_ tr.b_tr.y)

b_circ(y) = linterp{y_tr.b tr.v) — x_cire(y)

( Htot b Htot
b(y) = 1'f|:*_=,r <| TD +ocie|ay2 TD ~ r_c:i:u:.b_circ{}-'},b_]jn{}-'}}

LS

v = 0_Htot
A
Geometry
0 T
116
wd 232
— condensed 10 geometry plot
rd I
2ol =
464 i
— 400 —200 0 2 400
—b(yd) blyd)
x 3
u = 300-2 + Htot-2 = 2.76 » lﬂl3 exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =

Distance of rebars from upper chord
ds = (43 202 354 370 488 SSS)T

Area of reinforcement at each depth

As = (2A(12) 2A®8) 2A(8) 2A(8) 0-AQ24) 10-AQ24))T

m:- rows(As) js=6
dsmax = max(ds) dsmax = 538
Js 3
As_tot = ‘Zl As; = 5052 10
j=
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1y

| 2 2

{f'

14.3 Material constitutive laws employed in the calculation

T L) ) L)
oF - —
ac(e)- 101 =
occ(e)
o " -
- 30F =
- 40 1 1 1 1
—4x1073 -3x10~2 -2x1073 -1x1073 0

500

ose) 0

- 500}

-0.05 0 0.05
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14.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION

Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Htot 5
Ac = J b(y) dy Ac=3321x10
0
As_tot . . — . .
ps = _\— = 0.015 geometric ratio for longitudinal mild reinforcement
Ac

First moment of the concrete area

Htot g
Syc = J’ b(v)-vdy Syc= 1128 x 10
0
Centre of mass of the concrete area

i G = 339.696
Ac

Second moment of the concrete area

Htot <
Ixo_cls = J b(y)-(y - ¥G) “dy Ixo_cls = 8.927 x 10°

0

Idealisation coefficients (elastic)

Es
ns = —

ns = 5.605
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Area of ideal cross-section

Js

Aid = Ac+(ns- 1)y As, Aid = 3.553 x 10°

j=1

First moment of the reinforced concrete area

Js

Sxid = Ac-yG + (ns - 1) Z (.-\sj‘dsj) Sxid = 1.245x 10

j=1

Centre of mass of the reinforced concrete area

3

Yid = — Yid = 350.33

Second moment of the concrete area subtracting the effect of reinforcement

Htot . js ;
b(y)-(y - Yid) " dy - Z [.-\sj-[ dsj - Yid]"}
i=1

Ixoidels = J'
0

Second moment of the mild reinforcement area
Js 3
Ixoidlenta = ns- " [.—\sj-{ ds; - Yid)‘]
j=1
Second moment of the idealised reinforced concrete area

Ixo_id = Ixoidcls + Ixoidlenta Ixo_id = 9.807 x 109
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14.5 Loads

gl = Ac-0.000025 = 8302 kN/m dead load from self-weight
g2 = (2+289)-945=46211 kN/m  nonstructural dead load

q:=2835 kN/m live load
L=750 mm calculation length (span between supports)

12 =03 non-contemporaneity factor for quasi-permanent load combination

11 =035 non-contemporaneity factor for frequent load combination
o

L X
Mq_SLSgl(x) = (51)']\_"‘ - ?) SLS bending moment distribution from self-weight load

X
Maq_SLSg2(x) = (€21 L_ = ?) SLS bending moment distribution from nonstructural dead load

g
Mg_SLSq() = (q$2) | L_ e ?} SLS bending moment distribution from live load
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14.6 Time-dependent behaviour

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

hn = 222 = 240,683
u
RH = 50

t0_adj(t0) = t0

.
=0112  Pbe_t_t(t.t0) = h{[ . S o.oss) (t-t0) + 1]

Bbc_fem = -
t0_adj(t0)

(—fem)?”?

sz = 1.588

Bdc_fem = :
(~fem) 1.
RH

fron==

100
Bdc_RH = —
3

= 0.804

0_1.3

100

1
Bdc_t0(t0) =

02
0.1 + t0_adj(t0) -

1
35

t0_adj(t0)

m;‘E) = 0813

23+

Bh = min(1.5-hn + 250-acm. 1500-0cm) = 564.124

(t- 1) T(to)

Bdc_t_t0(t.t0) = [Dh =1

pde(t.t0) = Bdc_fem-Bdc_RH-Bdc_t0(t0)-Bdc_t_t0(t.t0)
pbe(t.t0) = Bbe_fem-Bbe_t_t0(t.t0)
p(t.t0) = pbe(t.t0) + pdc(t.t0)

t = 50365 = 1.825 x 10° @(t.91) = 1.363

@(t.2) = 2.718

3 T T T

p(days.2) >
_nﬁdays.ES) _
pldays.ODIE - -

0 1 1 1
0 5x10° 1x10* 1.5x10*

days
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14.7 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

Htot
N(e_sup.0) = Z (crc{e[yi.e_sup.ﬁn.b[yi}-,ﬁ}r) + Z (“5|5'd5j‘5-5“?-9“‘-“5j}
i=1 j=1

Htot

Js

s

M(e_sup.b) = z [o’c[i[yi.e_sup.Bn-b(yi)-Ay-Wi - yG]] - z [crs'E(dsj.e_sup.ﬁn-.-\sj-'dsj - yGU

i=1

Design external axial load

il

NS =-0
Moment-curvature [kNm]
1x10° :
J
}
= ,
10° ;
M_EL ‘ /
10° 5001
M_EI p, ¥
!
10° -
!
0
0 5%10~° 1x10"° 1.5%10™>
HC
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0
=200 —
-
—Yi
=¥i
— 400F o
~10 0 10 20 30 10

= 0| €| i.€_SUPcmed. Bemes) ) . — 0| €] Vi€ _SUPcmes. Oeme) ) | — €[ Vi-€_SUPcmes - Bemes)- 1000)

Condition at resisting (peak) moment
(stress and strain)
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14.8 Bending moment distribution

~gl =135 partial safety coefficient for self-weight structural loads
~g2 = 1.35 partial safety coefficient for non-structural certain dead loads
=15 partial safety coefficient for live loads or non-structural uncertain dead loads
r'L 23
Mg ULS() = (gl-vgl + 22982 + 19| FE= l?J moment distribution at Ultimate Limit State (ULS) fund: | load combination following a lly distributed load g
( N
Mq SLSr(x) = (gl + g2 + g} %-x - xT [ moment distribution at Serviceability Limit State (SLS) rare load combination following a unif lly distributed load q
\2 2/
{ 2 —_— " e — ) . ’
I - foad Eoiiit £l £ dl
Mq_SLSF(x) = (g1 + g2 + 1 'q-}'!k%'“ - %] moment distribution at Seniceability Limit State (SLS) freq oad ga y oad q
[ 2
Mq SLSqp(x) = (gl + g2 + 4,1.‘1}.i E., = "T] maoment distribution at Seniceability Limit State (SLS) quasi p t load following a uniformally distributed load g
= \2 2
[ 2
IL X ) ) } P N . . L
Mg SL8gX(x) = (gl + g}}-.k‘z--x =] moment distnbution at Senviceability Limit State (SLS) permanent load ¢ g aur y distributed load q
i=0.L
ACTING MOMENT [KNm]
Vi
- 2001
- Mg ULS(D)
10°
— —~ 400]
- Mg SLS((D
10°
— Mg SLSqp(D) - 60|
10*
— 8001
- 1x10°
0 2a0? 4x10? 6<10°

i
distance from support [mm]

14.9 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:
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T — v_SLSgl(x)-(p(t.2) - w.zg; v_SLSg2(x)-(1 + (t.23))
deflection profile at 50 years including creep for permanent load combination
e v_SLSgl(x)-(p(t.2) - @(t.23)) + \-_SLng(x)-l(;(u;) - (t.91)) + v_SLSqp(x)-(1 + (t.91))
deflection profile at 50 years including creep for quasi permanent load combination
- v_SLSgl(x)-(p(t.2) = @(t.23)) + v_SLSg2(x)-(\p(t.23) = (t.91)) + v_SLSqp(x)-(t.91) + v_SLSr(x)
- 1.05
deflection profile at 50 years including creep for rare load combination

DEFORMED SHAPE
20
0

E —v_inst ULS()

2 v inf 1(i)

gg —v_inf qp() —20

g - v_inf_p(i)

g

-40

0 2x10° 4x10° 6x10°
i

distance from support [mm]

SLS DEFLECTION CONTROL - RIGOROUS METHOD (§9.3.4)

camber =30 mm < % =30 - maximum deflection
made by shaping the mould
\o_inf_[{%) — camber = 27222 < %ﬁ =30 - maximum camber
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SLS STRESS CONTROL (§9.2.1)

k1 =06

k2 =045

KB=08

k=1

kS=08 0.75 in EN1992-1-1:2002

NOTE: the denomination of the allowable stress coefficients following k factors was kept similar to that of EN1992-1-1:2002
Mq_SLSf(x)-(Htot — Yid)

Ixo_id
elastic stress of bottom concrete chord for selfweight loads only
Mq_SLSf(x)-[dsj.s - Yid]]

ocpf_bot(x) = ocpf_bor{ %) =11

asf_bot(x) = 15-[

Ixo_id
elastic stress of top concrete chord for selfweight loads only

asf_bo{%) = 1384

Mq_SLSt(x)-(Htot - Yid) { L)
acpr_bot — | = 13,
cpr_| 2

Ixo_id

ocpr_bot(x) =

elastic stress of top series of mild steel for selfweight loads only
Mq_SLSr(x)-(-Yid)

L
ocpr_t = top| — | = =2(
cpr_top(x) S0 1d acpr_ w[ 2)
Mgq_SLSr(x)-(ds._ - Yid
ocpr_s(x) = 15-[ = [idjs }j' ccpt_s{%] = 1672

a‘cpf_bol{%) = 1131 < fotm = 3795 EHECK

if not -> cracked

asf bot(EJ = 138.63

crcpr_bol{%) = 13.644 < fotm=3795

acpt_top[%) = -20813 > klfck = =27
> 0.4-fom = =212

cht_s{%) = 167.239 < K3fsk = 400

280



. : \

dlc consulting BIBM EC2 project - calculation report {J/I/
SLS CRACK CONTROL (§9.2.3)
¢_act := Htot — (ls.s -10=32
ksurf = mn'{ cact )= 15

10 + cmin_dur s
whm_cal = 0.2-ksurf = 0.3 mm
=17

ayi = Htot - ds,, = 42 .
kKl r= _Htot-¥Ynn _ 1.121

- Htot - ayi— Yn_n
il = Htot — min(ayi + 5-¢.ayi-3.3) - 0747

Htot
kb =12
Aceff = 0.5-b(Htot)-min(ayi + 5§, ayi-3.5) = 5.88 x 10°
.-\sj5 * "\sjs—l

off = ———— = 0077
o Aceff
smmcal = mi l.S-[Htot -ds._ + i’) + e kb-l k-(Htot— Yn n)|= 119814

B2 72 ppeff kw
kt=04 NOTE : 0.6 for sustained loading
fcteff = fctm = 3.795
'
crsf_bol{%) - kt- fct:; ‘[1 - EE— -ppeff ] osf_bot %)
€sm_com = - PP = (- ——22 | 55195107 %
Es Es

wheal = kw-kl_r-smmcal-€sm_ccm = 0.126 < whim_cal = 03 EHECK
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14.10 ULS checks

ULS BENDING-AXIAL CONTROL (§8.1)
Mq_ULs;{E)

—su -s16449  [CHECH

10
resisting moment calculated from moment-curvature diagram above

Mird = 967.352 kNm >

ULS SHEAR CONTROL (§8.2)

Vq ULS(x) = |(gl-ygl + g2-vg2 + q-";q)-{% - ) shear action distribution at Ultimate Limit State (ULS)

d:= dsjs = 538 mm effective depth of cross-section

VEd = Vq ULS(d) = 3.73 x 11}5 N design shear action at control section at distance d from support
v =13 safety factor for initial shear check

bw =400 mm design web width

z:=09-d = 4842 conventional lever arm of internal stress resultants

7Ed = :idz = 1.926 MPa equivalent mean acting shear stress on control cross-section
Diower = 16 mm maximum aggregate diameter following assumed mix design

\2
ddg = m{ﬁ{—fck > 60,16 + Dlower-{%} A6 + Dlowe{i.-lﬂ} = 32 size parameter

282



N
dlc consulting BIBM EC2 project - calculation report {J/'bm

MEMBERS NOT PROVIDED WITH SHEAR REINFORCEMENT (§8.2.2)

TRdc_min = 1 ,-;f—c:% =0649 MPa §(8.20)  not checked with TEd -> detailed evaluation is mandatory following §8.2.1
NV s

5

z As
]

1= = 0.023 longitudinal geometric reinforcement ratio §(8.28)

pl=

[y

TRdc_0 = mr 100- pl-—fck -d—:ﬂ =0937 MPa §(8.33) AT SUPPORTS WHERE PRESTRESSING IS NOT ACTIVE
i k| /

TRdc = max(TRdc_0,TRdc_min) = 0.937 MPa §(8.32)
Vrd(x) = bw-z-TRdc_0

bw-z-TRdc = 1.814 x 105

5x10° : . ,
4x10°
VQULS( 3.10°
Vil  2x10°
1x10°
)

0 1x10 2x10° 3x10°

MEMBERS PROVIDED WITH SHEAR REINFORCEMENT (§8.2.3)

Bv = atan(0.3) = 0.464 angle of inclination of concrete compressed strut
V=103 MNOTE: steel grade B500A is used
aed = TEd-{cot(8v) + tan(Bv)) = 4814 MPa < u-—fed = 15453 MPa EHECH §(5.44)
frwd =fad = 454343 MPa design yield stress of shear reinforcement steel
EE'T.'
Asw = E-T = 100531 area of transverse shear reinforcement
sl =80 mim spacing of transverse reinforcement (field near the supports)
xl = 1600 mm end of field 1 from the support
Asw
TRd syl = b—ﬂrl-f}wd-cnf{fdv} -286MPa > +<Ed=196 MPa EFECH s(342)
W -5
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MOMENT DIAGRAM ACCOUNTING FOR THE SHEAR RESISTING MECHANISM (§12.3.2)
o3 =1 fatigue check not required

{ cat{Bv)
z._:Ml

al = | = 4842
I'\'\. 2 II|
( LY \
.3 MU ] g uis a@ |
{ \ LW 1} -+
MEA() = i x> = - al. — ; Bl LS :”ﬂ ()
! 10 10 /
( 4 4 ( g 2 ~ 1220 1)
MRd(z) = if| x < 1220, — Mrd + — -Mrd-—— _if| x < 2720, — Mid + — -Mrd- ————— Mrd | |
L 10 10 1220\, 10 10 T8 — 108> A
1x10° ; —— —————
MEd(3) i
MRA(D) i
0 1 1 1
0 1x10° 2x10° x10°
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MINIMUM REINFORCEMENT (§12.2)
kh = if[0.8 — 0.6-(min(bw Htot) — 0.3) < 0.5,0.3,#[0.8 — 0.6-(min({bw _Htot) — 0.3) > 0.5.08.0.8 - 0.6-(min(bw Htof) — 0.3)]] = 0.3 §3.2.2(2)

fot_eff = fotn
As min_wl = Dl-kh-fct_eﬁ'-:—: =252084 mm2 As tot= 5052 x 103 mm2 §(9.2)
=
fotm ——2 162068 < Mrd=067352  kNm  [CHECH ~ §(12.1)
(Hitot — Yid)-10°
$3=240 < 0T5(Hoot-30)=4125 |CHEGH §12.1
s B oy > 008X _ 10} §(12.4)
- s3-bw fsk
CHECK OF STIRRUPS FOR SUSPENSION LOAD
Asw-fywd
b frceniiie®e bt
B et [Blass s 354 g1s) = KN/m < = s71100 kN /m  [EHEGH
cot(tv) 3 J
gl - Asw-fywd
135+ 2135+ g15= 108645 KN/m < —=—-md KN/m ErECH
s
s2:=120 mm spacing of stirrups within field 2
%2 =320 mm  end offield 2 for stirrups
Raare D s coty= 1904
bw-s2
-
Ved(x) = if (x < x1.TRA_syl-bw-z.if(x < x2.TRd_sy2-bw-z,Vrd(x))) - Lg?l 135+ 22135+ q-l.i}-cot(&]v}-z INCLUDING THE EFFECT OF SUSPENSION
5x10° . . T
410°F 5 i
Vo ULSG) 3.10°F : i s1=80
Vi) 2x10t : - 52=120
1x10°F . 7 3= 240
g - o e Vg ULS(1600) _ 54
0 110 210° 3107 Vrd(1600) s
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510 . . .
4x10°
Vq_[.l-LS(i} 3,&4}5
Ved(i) 210°
1x10°
G | | |
0 110° 210° 3107
i
CHECK OF HORIZONTAL SADDLE BAR
=4 | A
| %-1_35 + g2 135+ ql5| ) 2
- 5 L 100-s2=6519x 100 Nmm < o~ f5d-09:220 = 4524 x 10°

area of horizontal transverse reinforcement

CHECK OF SUPPORT MILD REBARS

= 10715 2 21 .
MEd(0) = 197.152 Nmm T . 510

i) < |3m— + dm— |£5d-09- = = 233186
025 MEd] = | = 204.112 Nmm  §12.1(4) v 34 10°

\2) area of support mild steel

ANCHORAGE (§11.4)

Kb = 50
kep = for good bond conditions

3
nT = —

2
cs =30
cx= 73
cy =40

= min{0.5- r 3.75-
f&id)} = min{0.3-c5,cx.cy.3.73-4) ed(12) = 23

{ 1 1 1
el e S e TR
Ibd{]p) =m klb-kcp-d;-rﬁg - —jt {E‘ -4 Lo | 10-dp
o) \435) Lfek) L20) \ed(dn)
3
thd(24) = 1218 x 10 %
m = 28480
length of straight part for 90° bent bars B
1B90((y) = max(70.Ibd( ) — 15-¢b. 10-¢p)
b90(12) = 161.872  1hOO(E) = 80

length of straight part for 135° bent bars (stirrups)
1b135(dh) = max(30 tbd(d) — 15-¢.5-¢)
1b135(12) = 161.872  1b135(8) = 50




dlcconsulting

BIBM EC2 project - calculation report

14.11Fire checks

g 3
T(°C)

800 °C
700 °C
600 °C
500 °C
400 °C
300°C
200°C
100°C

287
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SEHHEBEBBEHEHE
"AHEEBEHBEEBHE
THHEREBBEBBEHE
CHEHEBBHEEHEBEE
SHEBEHEBEEBEBEEHEEE
Bzlg(2|2|8|z]|s/8|2|R)8|8
CHBEEBBERBRBEERE
SHHEBEBRBEHEBEHE
EHRBERBREEBEE
$ 5|8|s|x|s|n|n|8|2|8 8
IHEEBEEBEEHBEEBEHEEBEDERREEEHE
(BlE|IZ|8|5B|8|E Bk 8BEB|R|8ES 88|88z |2 |8(5|8 8
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+N

+My
/ i
/ 5
i ¥
i N
f
£ = h
X
X N
\
Il \*-\
kY N,
. /
b 7
] f
A, ;f
\ ,
N )
Nl

N:1sp=1200.00 kN; M: 1sp=120.00kN-m

Ng =
My+ =
My-=

0.00 kN
1020.71 kN'm
-61.16 kN'm

289




dlcconsulting

BIBM EC2 project - calculation report {J/I

15 Column element -EN1992-1:2004

15.1 Shop drawings

400

erethem |
l'
a .
& T
=
g DETAIL £

TOPVIEW (1:10)

ETALF

FRONTVIEW (1:20) | crrview (1-20

J

BOTIOM VIEW [ 1:10)

W AVAVAVAVAVAVAN 0 (]

"X AVAVAVAVAVAVAVS V4

WAVAVAVAVAVAVAVSY..
"V AVAVAVAWAVAWAN T

KA

ey

D IMSERTS

PART LIST
Gy |CODE DESCRIPTION MASE MATERIAL
43 20 BAR 8 STRAGHT WiTH 60" ANGLES ST4g B430C
3 24 BAR 6 STRAIGHT WTH 90° ANGLE! 7rig B4FIC
20 25 BAR & STRAIGHT WITH $0° ANGLED [ B450C
0 2¢ EAR 5 STRAICHT WTH 00° ANCLE! 77 g B450C
4 [T] BAR 4 STRAICHT WITH VARIABLE ANCIED 12090 g 450
DETAILDY{ 1:15)

1§ i | |
I A 1§
%
DETALE(1-10)
2
DETAILF(T1:13) w
DETALC(1:15)
et BIBM  federstoncf the Bmonean Frecast Cararste iy

Cods  COLUMN TOP EN 1992-1:2004

I:"_l:.._....,.. Bibm T

el Yol
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i

DETALR DYA DYS COLUMN
< 2l == GOBE ary | @ frm) T_tarat MASS DESCRIPION
| B 0 ) 02cm |&7dg SAR 8 STRAIGHT WTH 90" ANGLET
i q e 24 5 10 125 5Im 773g OAR § STRAIGHT IMTH P05 ANGLED
- " E 70 7o Tlbom |1229g SAR 5 FTRAICHT WITH D0° ANGLES
> ] 0 T8 7icm |97l g A7 5 TTRAICHT WITH 008 ANGLEY
’% a 4 T8 Tdiom | 18919 g AR 4 TTRAIGHT IWTH VARIASIE ANGLED
S -
K
P15
B
2N 5
Sl
T ]'
e
P %
o
K 5
I
K
b B
il =3
|=‘ ~ 2 i
%S
i e =
b=3
8
2
"
=
)
C}
=
T L3
E DETALT{1:4]
K 8 | g T BIBM  fedemion of the Eumpean Frecast Concrefe industy
= R 1 B = Code  COLUMN TOP EN 1992-1:2004
comsRs 58 g = —
COLLAN NEERTS S dlc,....,....-.u Frlrme| X s it 20f3
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Trumbonal Part Number QTIY Maoss Total Moss @
04 4 18929 7RIS 2mm
20 43 &4 37582 8 mm
r
I\\ 77 i i
] 24 B | 7ia 6184 10mm
N J
- |
{
25 200 1329 24580 10 mm |
r |
|§// pid 10 2774 | 27740 16mm
Lé
Tatal mass rebaors [kol 173,80 Incidernce kg/m* 13882
lightening 1 1| 7697 7HIT
lightening 2 1 7697 7697
Total mass lightening [k.gll 15,39 | Incidence kg/m? 1230 |
""I?afr;’ BIBM Fedlermtian of fhe furapean Precart Concrete Indusiy
Total mass of stesl [kg|| | 173,80 | |Totc|| concrete volume [m*]| 1,252 Code  COLUMN TOP EN |992-1:2004

die.....

b

b

shest
number

3of3
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BART LIST

{ ()
400 ary e6

2
2
il

i DESCRIFTON PAASS IMATERIAL

45 BAR & STRAISHT WITH 90° ANGLET g BLIOC

BAR ¢ STRAIGHT WITH P0° AMNGLEY g Be0C

20 BAR 0 STRAMGHT WITH P07 ANGLEY 1379 g B40C

il BAR 3 STRAIGHT WITH 90" ANGLES T4 g BLR0C

glEEs

DY5_C_ 24 YES H-9800 DRYSCOMN_ILEEVE_COLLMN_24_with confinuity {YE5|_H=3800 mm 1,047 kg

4 o4 BAR 4 STRAICHT WITH VARIABLE ANCLES 10022 g B450C

I ! DETAL A DETAILA (115

400

DETAILC(1-15) &

b

v,

N
+.

AR
XX

S AVAVAVAVAVAVAN

TOPVIEW (1:10]

QEOD
|
I

&

-.--H.

“WAVAVAVAVAVAYA'

DETAILD [1:10)

L

ETAIL £

DETAILE {1:1§]

DETAILB({1:13)

BOTTOM VIEW | 12 10)

nl’q-°_"'; BIBM Fedengion of the furcpean Frecost Concrete Industy

S S AVAVAVAVAVAVANAVAVAVD S,
NV PAVAYAVAVAVAVAVAVAVAN V¢«

Cede  COLUMN BOT. EN 1992-1:2004

FRONT VIEW (1:20 ) LEFTVIEW [ 1:20) L | e
e dic...... [libm|x s |55 10f3

0
g
g
&
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i

DOrA DS COLUMN

CODE orr | @ (mm T_toiol Anass DEICRIPTION
20 45 8 202 cm 874 g BAR 8 JTRAIGHT MTH 90° ANGLEY

-

R H
24 3 [ |26em |M3g BAR & STRAMGHT MTH 90° ANGLES
b 23 €0 1% 210 cm 13189 BAR ¢ JTRAIGHT WITH 93° ANGLET
i 2¢ 19 1% 176 e 27749 BAR J JTRAIGHT WITH 93" ANGLE]
|I W DY3 € _24 YE3 H=92500 4 | 3.647 by DRYSCTON_HEEVE COLUMN 24 with confinuity (YES _H=2800 mvn
|I | 04 4 18 P47 o Mg BAR 4 ITRAIGHT WITH VARIASLE ANGLES
A,

e

XX

DETAILR (T:4)

A\ VAVAVAVAVAVAVAY!

%
>
5
™
S
K]
<
D>
S
%

S 31 P:‘j:; BIEM Eederpfinn of the Furepann Brenan Concrsta indusin
g Code  COLUMN BOT, EN 1992-1:2004

FROMNT VIEW { 1:23)

dic. ... |[Eibm|x e 203
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Thumikznall Part Mumbsr Qn hass Tofaimass | @ @ _longiudinal potterr T @ _transverse
v
{4 4 15022 JEOBE 1Bmm
0 45 674 3730 & mm
Lg
\'\
| d4 4 773 6184 10mr
\\‘J
r
25 20 1329 24580 10mm
Jd
]
O % 1o o774 27740 Témm
L~
i DY Co24 4| 37 15388
|
Tertel meass rebars [kl 191,31 Incidencs kg/m® 143,09 i
lightering 1 7837 7657 |
|
: " - | |t
lightering 2 2852 0852 ~
VIEW 107 | 1 :40)
Tolal mass lghtering [kgﬂ 17,55 | |ncidencs kg/m* 1313 |
:'rz:"e BIBM Fedemfion of fhs Europesn Frecast Cancrste hdustry
fafal minss o steel Lrg]| 191,31 I I ot concrete yollime [m"j| 1,337 i

God=  COLUMN BOT. EN 1992-1:2004

die..

b"‘b""( I A

Set o2
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15.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y_tr=(0 400)T
Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400)T
r_circ == 140  radius of central void pipe

.
3 =
x_circ(y) = 2jr_citc‘ - E y- E)
\

2
b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

5

b(y) = i:l{y < {M + r_circ) Ay2 % . r_circ.b_circ(y).b_lin(y)]

m:s 0.. Htot

o

S0l

condensed 1D geometry plot

=2 =100 0 100 200
-b(yd) b(yd)
2 2
u = 800-2 + Htot-2 = 2.4 x 103 exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =

Distance of rebars from upper chord
ds = (40 200 360)F

Area of reinforcement at each depth

As = (2-A(18) 0-A(16) 2-A(18))!

jﬁ.«:' rows(As) js=3
dsmax = max(ds) dsmax = 360
Js 3
As_tot = -Z, As; = 1018 x 10
j=
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15.3 Material constitutive laws employed in the calculation

~4x1073 -2x1073 0

0.—
o4O a0
acc(e)
0
- 40r
-60
500
os(e) 0
- 5001

-0.05 0 0.05
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15.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION

Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Htot i
Ac = J b(y) dy Ac=9842x 10
0
As_tot -3 . . — . .
ps = ’\; = 8171 x 10 geometric ratio for longitudinal mild reinforcement
Ac

First moment of the concrete area
Htot 7
Sye = J. b(y)-ydy Syc = 1968 x 10
0

Centre of mass of the concrete area

_ Sye
T Ac

Second moment of the concrete area

Htot
A
Ixo_cls = J’ b(y)-(y - vG)“dy Ixo_cls = 1.832 x 109
0

Idealisation coefficients (elastic)

ns = — ns = 4.734
A Ecm
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Area of ideal cross-section
)5
Aid = Ac + (ns - 1)- Z Asj
i=1
First moment of the reinforced concrete area

)5
Sxid = Ac-yG + (ns - 1)- Z [.'—\sj-dsj)

j=1
Centre of mass of the reinforced concrete area
vid = 224
Aud

Aid = 1.014 x 10°

Sxid = 2,029 x 10

Yid = 200

Second moment of the concrete area subtracting the effect of reinforcement

Htot \ js 5
Ixoidcls = b(y)-(y - Yid)“dy| - [.A‘Ad.—i"d‘]
oidcls L (¥)(y - Yid)" dy Z sj'sj 1]
j=1
Second moment of the mild reinforcement area
js :
Ixoidlenta = ns- Z I:.-'\sj-[ dsj - Yid] ]
i=1

Second moment of the idealised reinforced concrete area

Ixo_id = Ixoidcls + Ixoidlenta

300
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15.5 Time-dependent behaviour
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DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

ho = 2-E = §2.02 mm notional size of the member
u

RH = 50 % relative humidity
t0_T(0) = t0
a=1 for cement class R

a
t0_mod(t0) = t0_T(t0)- (-—1- - l] .05
2+10 T(tO) t0_mod(2) = 6.189

) = 0524

s =
ocl = (%) » = 0.832
e

) = 0.631

B = if] —fem > 35, min 151 + (0.012RED ") :00 + 250-0¢3, 1500-0xc3) min] 1.5 1 + (0.012-Re8) 8]0 + 250, 1500]| = 280.707
1

BHO(t0) = =
0.1 + t0_mod(t0)

Be(t.t0) =

[ t-10_mod(t0) )0'3
| Bh + t - t0_mod(t0)

16.8
~fem

(3fcm = = 1.791

RH RH

1= E ==
-acl fac2, 1+
0.1 310 0.1-3m0
p0(t0) := pRH-Bfcm-3t0(t0)
@(t.10) = p0(t0)- Be(t.t0)
t:=50-365 days

@RH = if| —fom > 35.| 1 + = 1334

(t,2) = 1.544 @(t.91) = 0.92

p(days.2) |
p(days. 23)

ﬁdays.m)lﬁ:_' iy e

0 5x10° 1x10* 1.5x10*
days
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15.6 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

Htot

is

N(e_sup.0) = Z |crc|€[_yi.e_sup.()]]-b[}-‘i]‘.&y] - Z [o’s{e‘dsj.a_sup.ﬁ'”-.—\sj}

i=1

Htot

§d

s

M(e_sup.b) = z [ac{E[)-'i.e_sup.G}I-blg.*i'-;‘l}'-{yi ~ },‘Gﬂ - Z [o's(E|dsj.€_sup.ﬁ'”-.-ksj-| dsj - )'G']]

i=1

Design external axial load
NS := —4078000 N

MODEL COLUMN FOR 2nd ORDER. EFFECTS (§5.8.6)

W= As_tot- = 0082

—AC-IC

-N -N

j=1

0.67

=0.723
Ac-—fcd
1
=——  =(843
1+ 02102, 91)

B=y1+2w=1079

C=17T-m=1407

ey
oucrit = 18.437
4
400
10 = - [33000- =3129x 103 mim
12-oeerit—N

from FEM model -= linear buckling analysis

Mim = 20 AB = = 14985 > L
-.fr_1 Ixo cls
Ac
2
(9
M2 = .o 21000
c 2
™

Aot i A poblol -

303
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—
1

Moment-curvature [kNm - 1/mm]

-
i I
Fi
M, ;
—_— /!
6 2 :
10 00] y /
M_EL /
10° A
- - /
M.H_Pc 7
10° 100} 7
M2, e
,
i
i prondt Tt
| | spinmeer )
_’_'_’__’___’_,.—d——'
0
0 %1078 4x107° 6x10~°
.
I|
_1w- J =
oy J
Z¥io 2001 | .
|
|
- 300 -
[
|
= 20

Condition at resisting (peak) moment

(stress and strain)

304
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15.7 Bending moment distribution (induced by eccentricity)

L = 3000 mm
ot

{7
Me ULS(x) = —N-20-sin %.x

gross column interstorey length

b

Y
|

/

i=0_L1L
ACTING MOMENT [iNm]
0
~20
— 40
—Me ULS()
10°
—60
— 30
- 100 = = = =
0 1107 el 310 410°

i

distance from support [mm]

305
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15.8 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

DEFORMED SHAPE

v _inst_ ULS(i}2

horizontal displacement [mm]

0 1x10° 2x10° 3x10° 4x10°
i

distance from support [mm]

306

5%10°




dlc_:go_n%u_wg BIBM EC2 project - calculation report

bibm

S5LS STRESS CONTROL (§7.2)

Kl =06

E2 =043

E5 =038

H=1

E5 =073

Nr =-2826000 N axial load in rare combination

Nagp = —2266000 M axial load in gquasi permanent combination
Me UL S{x}-N—_r -(Htot — Yid)

ac_t bot{x) = g K

Aid Ixo_id
elastic stress of bottom concrete chord for rare load combination

" Me UL3(x)- _r (—Yid)
INT 4

oo r topix) = — +
—tepl) = Ixo_id

elastic stress of top concrete chord for rare load combination

Ngp

Me ULS(x)-

oe_ap_bot(x) = ;—Eid i T

elastic stress of bottom concrete chord for guasi permanent load combination

(Htot — Yid)

Ngp

Me_ ULS(x)-

Nap
oc topix) = +
A Ixo_id

elastic stress of top concrete chord for quasi permanent load combination

= (- Yid)
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L
crc_r_bnti\-i} = —21.783 < fotm = 4.830

if not -= cracked

(LN
crc_r_tanEj = —33303 @ kil-fck =—48
b 04fom = -332

P
1,
e_gp_bot S| =-17468 < fotm = 4839
5 :
if not == cracked
(LY
oc_gp top) —J = —26.366 - K2-frk = -36
\2,
15.9 ULS checks
MINIMUM REINFORCEMENT
bt = b(Htot) = 400 d:= dsjg = 360
! N Y 4
mfko_i-ﬁ__o_ooz-mj -807.16  §9.12N mm2 < Astt=1018x10° mm2  [GHEGH < 004Ac-3937x10 |[DHECH §9.2.1.13)
s
scltmax = min(20- 16, 400, 400) = 320 > s2=320 mm m stirrup spacing out of joint/bracket/lap area
scltmaxred = 0.4-scltmax = 192 = s1 =160 mm m stirrup spacing within joint/bracket/lap area

NEAR LAPS AND JOINTS

ANCHORAGE (§8.4)
ml=1
md=1

fbd = 225-m1-n2-fotd = 5443

f=d
—

alb =1
olb =1
odb =1
odb =1
odb =1
Ibd{) = alb-odb-olb-odb-oSb-Tbrgd ()
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ANCHORAGE OF JOINT REBARS IN M80 MORTAR Ll e
fem = —B0-0.83 fek = fom + 8= —384
A P

fintd = 2155 MPa  same formula as concrete was used (on the safe side)

fetd -
1bd(16)- e 374979
15.10 Fire checks
X :.:
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357
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g
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237

360

462

602

790

—

245

603
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253

367

467

791

260

£
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373
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607
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%68
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471
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178

i
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g68

374

471

607

265

373

470

607

]

n

469

28888 H

4253

367

791

245

i ar

237

287

360

462

g 8

229

282

357

601

789

223

278

355

459

789

220

77

355

460

601

221

280

358

463

100

126

227

286

468

607

793

125

126

140

374

476

613

795

163

152

146

151

164

258

315

389

489

623

195

185

179

178

183

196

339

507

636

268

265

253

245

229

223

220

221

227

239

286

323

374

53

654

814

308

303

298

292

282

278

277

280

286

297

339

374

567

679

B | ®m | ®WT

374

373

370

367

363

57

355

355

358

364

374

411

442

613

712

841

471

470

469

459

460

463

468

476

507

533

567

675

756

861

603

601

600

601

603

607

613

636

654

679

756

813

886

(]

792

8|8

791

791

B|8|8|2|8 RS

789

789

791

793

795

814

841

886

918
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+My

m

N

5 7

N %4

Y7

N:1sp=350.00kN; M:1sp=32.00kN'm

Nz =  000kN
My+=  55.53kN'm
My-= -55.68 kKN'm
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16 Column element - FprEN1992-1:2022

16.1 Shop drawings

PART LIST
400 o CODE DESCRIPTION PMASS MATERIAL
(5] a0 BAR 2 STRAMCHT WITH 007 ANGCLES dg BASHC
8 ) BAR & STRAGHT WITH 90° ANGLES 773g BaSIC
0 23 EBAR & STRAYGHT WITH 90" ANGLES 329 g E430C
o il BAR J STRAIGHT WITH 0" ANGLES IFTég B450C
4 o4 BAR 4 STRAGHT WITH VARIAELE ANGLES 19387 g E450C

===y

DETAILD (1-15)

I E

=\ /-
L N\

TOR VIEW (1:10)

"N ANLAVAVAVAVAVAVAN Y

EAVAVAVAVAVAVAVAVS NN

DETAILE{1-10)

DETAILE (1:20)

I

DEFALC | T:15)

VYAVAVAVAVAVANAVAVYS. .
VAVLAVAVAVAVAVAVAN

o \ @ 5

J

A0

DETAILF [ 1-15)

Y AR RIS
AOOCOGAONNYY

OETALFE  BOTTOMVIEW (1:10 ) . Froees BIBM TR T S D
e T e ra——" =
ﬂ Cod= COLUMN TOF FprEN [992-1:2022
coctomeRy “OMSERT pmae di M o | sheet
FRONTMEW (1:20) iy view { 1 =20) 7 : 1C........ [Fedloery x e | 5! 1of3
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B DYA D¥s COLUMN
CODE oY [ @ [ T_todal At DESTRIFTION
20 45 8 282 erm 874 g BAR £ ITRANZHT WITH D07 ANCLES
24 L 13 |28 cm 772 g BAR 0 STRANGHT WTH Q0= ANGLES
23 20 13 Zigcm 13279g BAR € STRAIGHT WITH 90~ ANGLES
¢ 19 - 17aem 2774 g BAE 3 JTRAIGHT WATH 907 ANGLES
4 18 #05 crn 19369 5 BAR 4 JTRAIGHT WITH VARIABLE AMGLES

DETAILT{1:£)

F‘:’a‘_:; BIBM Federation of the Frnpean Precast Concrefe Indushy

Code  COLUMN TOP FprEN 1992-1:2022

die..... Bibm|x s |25 2063

FRONT VIEW ( 120}
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Thumbnall, Part Number GIY Mass Toid NMass @
¥
04 4 | 19385 | 77556 | 1@mm
F
20 45 874 39330 Smm
r
r 24 i3 73 6184 10 mm
S
F
25 20 1329 26580 W mm
L
_/‘]
Q‘/' 26 o 2774 27740 1&mm
L
Total migss renars ko] 177,37 Incidence ko/rm® 135,21
lightening 1 | 4134 6134
1 1
Iightening 2 1 4234 5234 N T
- VIEW 107 {1:40)
[ota mass lightening [xg]| 1237 | Incidence kg/m* 943 |
Total mass of steel [k 9 Total concrete volume [m? —
—rgll | i I I X i | 1.2 "’;_”"__-;_frf_:’ BIBM  redemtion of the firopeon Precost Conarste indusry

Caode COLUMN TOP FprEN 1992-1:2022

die. .. .. |[Eibmlx s

shest 30f3

numiser
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vp

Q800

FRONTVIEW [ 1:20

OETAIL 8
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16.2 Definition of concrete and reinforcement geometry

GEOMETRY

Concrete
Depth from upper chord

y_tr=(0 400)T
Htot == max(y_tr)
hecopr = 30 net cover of longitudinal rebars

Width of corresponding chord:

b_tr = (400 400)T
r_circ == 125  radius of central void pipe
2

( Htot)

x_circ(y) = 2jr_citc‘ o | i
\ 2 .

b_lin(y) = linterp(y_tr.b_tr.y)
b_circ(y) = linterp(y_tr.b_tr.y) — x_circ(y)

5

b(y) = i:l{y < {M + r_circ) Ay2 % " r_circ.b_circ(y).b_lin(y)]

m:s 0.. Htot

o

yd 160
— condensed 1D geometry plot
¥ a0

320

=2 =100 0 100 200
-b(yd) b(yd)
2 2
u = 800-2 + Htot-2 = 2.4 x 103 exposed perimeter
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Longitudinal mild reinforcement

Area of single rebar:

2

¢ =
4

Ald) =

Distance of rebars from upper chord
ds = (40 200 360)F

Area of reinforcement at each depth

As = (2-A(18) 0-A(16) 2-A(18))!

jﬁ.«:' rows(As) js=3
dsmax = max(ds) dsmax = 360
Js 3
As_tot = -Z, As; = 1018 x 10
j=

320
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16.3 Material constitutive laws employed in the calculation
of m—

G_C(E)_ 20+ -
occ(e)
0

—40F =

- 60 1 1 1

-3x107° - 2x107° - 1x107° 0 1x10~°

500

ose) 0

- 500

-0.05 0 0.05
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16.4 Sectional properties

PROPERTIES OF THE CROSS-SECTION

Assumption of uncracked cross-section

Area of concrete neglecting reinforcement

Htot 5
Ac = J b(y) dy Ac=1.109x 10
0
As_tot -3 . . — . .
ps = _\— =9177x 10 geometric ratio for longitudinal mild reinforcement
Ac

First moment of the concrete area

Hitot 7
Syc = J’ b(v)-vdy Syc=2218x 10
0

Centre of mass of the concrete area

vG = E vG = 200
Ac
Second moment of the concrete area
Htot <
Ixo_cls = J b(y)-(y - ¥G) “dy Ixo_cls = 1.942 x 10°

0

Idealisation coefficients (elastic)

Es
ns = —

ns = 4.733
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Area of ideal cross-section
]s

Aid = : - - AS. Aid = 1.147

Aid = Ac + (ns 1)2 As, Aid = 1.147 x 10
j=1

5

First moment of the reinforced concrete area
]S
Sxid = Ac-yG + (ns - 1)- Z [.—\s.-ds-) Sxid = 2294 x 107
. J )
j=1
Centre of mass of the reinforced concrete area

Yid = — Yid = 200
Aid

Second moment of the concrete area subtracting the effect of reinforcement

Htot . js R
Ixoidcls = J b(y)-(y - Yid)“dy - z [_-\s.-|ds. - Yid]‘]

0 - ] )

j=i
Second moment of the mild reinforcement area
js .
Ixoidlenta = ns-z [Asj-[ dsj - Yid) }
i=1

Second moment of the idealised reinforced concrete area

Ixo_id = Ixoidcls + Ixoidlenta Ixo_id = 2.039 x 109 mm*4

323
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16.5 Time-dependent behaviour

DETAILED EVALUATION OF CREEP COEFFICIENT (ANNEX B)

-
u

RH = 50
t0_adj(t0) = t0

Bbe_fom = — 0 20078 [Bbe_t_tO(t.0) = u{( % +o.oss) (t- t0) + 1]
(tem)®’ | t0_adj(t0)

412

Bdc_fem =

= 0.781
(—tem) 4

RH
o, 58

100

Bdc_RH = = 1.106

Bdc_t0(t0) = :

0.1 + t0_adi(t0) >

1
3.5
V10_ady(0)

e \05
o:cm;u( ’5) = 0631

~(t0) =
23+

\ —fem

Bh = min(1.5-hn + 250-acm. 1500-acm) = 296.305

~(t0)
Bdc_t_t0(t.t0) = [ﬁ]

wdc(t.t0) = Bdc_fem-Bde_RH-Bdc_t0(t0)-Bdc_t_t0(t.t0)
wbe(t.t0) = Bbe_fem-Bbe_t_t0(t.t0)
(t.10) = pbe(t,t0) + @de(t.t0)

4
= -3 = 2 =
t:=350-365= 1.825 x 10 o(t.2) = 1.883 p(t.91) = 0.945

3 T T T
ﬁa}’s.!} b

p(days.23) f’_'_—_

p(days. O o

0 1 1 1
0 5x10° 1x10* 1.5x10*
days
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16.6 Non-linear moment-curvature diagram

Equilibrium equations (rotation with respect to the centre of mass of the concrete section)

Htot Js
N(e_sup.0) = Z 'o-c{e[yi_e_sup_ﬁn-b[yi}-‘ﬁy} + Z (as'E'dsj .e_sup.ﬂn-.—\sj}
i=1 §=1
Htot s
M(e_sup.b) = z [o’c[i[yi.s_sup.Bn-bb'i'-.-'ly-wi - yG]:' - z [crs'E(dsj.e_sup.ﬁn-.-ksjjdsj - yG)]
foid j=1

Design external axial load
NS = —4078000

MODEL COLUMN FOR 2nd ORDER EFFECTS (§7.4.3.2)

w = As_tot- = 0.092

-Acfe
m =1

-N N
n= = 03811 0782 < 1 [EHECK

Ac-—fed Ac--fed + As_tot-fsd -

T
w8 4 02-p(t,91)

B=1+2w=1088

0.841

C=17-m=07

A

ocrit = 18457

s00* 3 10
10 = 7 (35000 ——— = 3.129x 10° mm — = 0626 restraint coefficient B
12-acrit- =N 5000

from FEM model -> linear buckling analysis

Aim = 20 AB-— = 14229 > A= hm = = 569 EHECKH
- :‘c if not 2nd order effects need to be taken into account
Ac
(10 ]
M2 =-N.0 -1\ !
C [+ 2
x
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Moment-curvature [kNm - 1/mm]

!
; —_—

’—"-—'—'_'_‘—a_'_'—
_’—'_'_’_'_‘_'_—!—1
2x10~° 4x1078 6x10~°
HC

-100f |

=Y !

e
I
- sm _lf / —
|
J /
e il
20 30 40 50

0 10
— oc| €] ¥i-E_SUPemed- Bemeg) ) - — 00| & ¥i-E_SUPmeg- Bemes) ) - | — &l ¥i- E_SUPeanrg- Beanes)- 1000)

Condition at resisting (peak) moment
(stress and strain)
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16.7 Bending moment distribution induced by eccentricity

L = 5000
A

o
Me_ULS(x) = -N-20-sin| %;J

= Me_ULS(1)

- 100

mm gross interstorey height

ACTING MOMENT [kNm]

bending moment distribution induced by imperfections

- 40

-80

0 1x10° 2x10° 3x10° 4x10°
i

distance from support [mm]

16.8 SLS checks

NON-LINEAR DEFLECTION PROFILE FOR SIMPLY SUPPORTED BEAM:

327
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DEFORMED SHAPE

—v_inst_ULS(i-2

vertical displacement [mm]

0 1x10° 2x10° 3x10° 4x10° 5%10°

distance from support [mm]

SLS STRESS CONTROL (§9.2.1)

kl =06

i2 =045

k3i=08

kd=1

k5=08 0.75 in EN1992-1-1:2002

NOTE: the denomination of the allowable stress coefficients following k factors was kept similar to that of EN1992-1-1:2002

Nr =-2826000 N axial load in rare combination
Ngp = -2266000 N axial load in quasi permanent combination
Ni
_ Me_UI.S(x)-T__' (Htot - Yid) 5
oc_r bot(x) = = 0 - oc 1 bo —-] = -19.091 < fotm = 4.74
= Aid Ixo_id T 2

elastic stress of bottom concrete chord for rare load combination
N
Me_ULS(x)- T’ (~Yid) n
NT N
oc_r_top(x) = — + oc_r top| — | = -30.18 > kl-fck = —48
_1_top(x) ad = sz]

Ixo_id
elastic stress of top concrete chord for rare load combination = 04 fom = 352

328

if not -> cracked




N
dlc consulting BIBM EC2 project - calculation report {J/'bm

16.9 ULS checks

ULS BEMDING-AXIAL CONTROL (88.1)

Me UL oL ]

Mrd = 206951 kNm = A ek EHECK
l{ll‘5
resisting moment calculated from moment-curvature diagram above
) (s )
=N =4078 x 10

N < Acfed +| Y As;|fsd -s4ix10® N [GHECH
it )

MINIMUM REINFORCEMENT (§12.3)

{ =N 3
max 0.1 0002 A | = 89716 As_tot=1018x10°  [CHEGH  §12.3(1)
5
smaxcol = min(20-18,400,300) = 300 > $2=300 mm ERECH stirrup spacing out of joint/bracket/lap area  §12.3(3)
smaxcolred = 0.6-smaxcol = 180 > s1=150 mm - stirrup spacing within joint/bracket/lap area
NEAR LAPS AND JOINTS
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ANCHORAGE (§11.4)

Kb = 30
kep =1 for good bond conditions
3
T = —
2
cs = 30
Cx =73
cy =40
e { . o T -||-.
,5.9.{'1"'} = min{0.3-cs,cx, ey, 3.73:¢) cd(12) = 2
1 1 1
2 .3 g
(d N7 25 Y () (159"
T T Py e B e i (o) T

\435) \=fek) (20) \ed(e))

Ibd(18) = 332211

AMNCHORAGE OF JOINT REBARS IN M80 MORTAR

fem = —B0-0.83 fek = fom + 8 = —384
MY A
fmtd = 1.72 MPa  same formula as concrete was used (on the safe side}

fotd

Thd (30)- = 1516 % 107
fmtd

length of straight part for 90° bent bars
1b90(h) = max(70.Ibd(dp) — 15-¢b, 10-¢n)
1b90(12) = 120 1b90(8) = 80
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16.10Fire checks

| - -

l ,!,/ \\

A

mE

X< =
2 P P ¥ ¢ ¥ ¥ P ® E ¥
s § & B B & % % ® =7 °

T(°C)
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+My
b, 2l
P & TR
v N
i \3‘;\:1
+
o N
/ \
N
b o X
+N
¥ i
)i
\ P
\ﬁ Vi
h /)
Pt
N JE
ﬁ‘k ._..-""/
bV

N:1sp=420.00kN; M:1sp=37.00kN'm

Nz = 0.00 kN
Myt=  6945kN'm
My-=  -6990kN‘m
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17 Foundation footing element -EN1992-1:2004

17.1 Shop drawings

1240

ez

| 1040
1034

230 3|2

&00 217 3 390 &

@i?‘

—
i I}lu..

800

4100

SIDEVIEW ( 1-20)

EN 199

1540

B0 ;

2:1:2004

TOP VIEW [ 1:20)

1000

D VIEW [ 1:25)

F== BIBM

Fedemfion of the Eurcpean Precost Canonafe indvstry

Ced=  FOUNDATION FOOTING EN 1992-1:2004

dic......

by

I fsvon

sheet
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Thumbzaol  PaorfMumber  GQTY Maoss Todalmass | @_

ol 31 17344 542084 24 mm
r
03 & 4088 2452 1Amm
1
04 3 4857 14571 T4 mm
(P B 4424 35408 l4Amm
Dé F St b 20 12 mim
r
1
o7 1 2424 3524 12mim
o8 [}d] 4248 42480 16 mm
oy i3] 2580 2SEE0  FErm
0 30 7A1% TR4RTO TEmm
Tefal mios rebars: :kg]l v25.47 | Incigsnce kofm 82,97 |
Talal mess of sieel kg 55, < =te vourme Im¥ | 1 -
= L [ozsw | Bz z g lE 0 . i BIBM  mecermfion of e Suropecn Frecmst Concrete ndusiyy
[Eaetin st e [1a448] Cods  FOUNDATION FOOTING EN 1992-1:2004
g shest
[iotaiconarete (mo] | 14498 | dlcm ....... o (FRRDETY X S5NE | e 2 Of 2

17.2 Definition of concrete geometry and material properties

fck =-25 MPa characteristic compressive strength of cast-in-situ concrete
~cpered = 1.4 partial safety coefficient for concrete
fed = p—— -17.857 MPa design compressive strength of cast-in-situ concrete
~cpered
V= o.s-rz ) 0 §6.10
L 250
fsk = 500 MPa characteristic yield strength of mild steel
~sred = 1.1 partial safety coefficient for mild steel
NEd = 4100000 N Ultimate Limit State (ULS) axial load from column
L =4100 mm side of base square footing
Lpocket = 1040 mm side of precast pocket
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17.3 Soil bearing stress check

SOIL BEARING STRESS (Winkler soil model with rigid foundation)

NEd
=02 > —_— =02
og:=025 MPa 4.0 P [HEDH
L
assumed maximum bearing stress of soil

shape of critical perimeter for punching shear (§6.4)

Hbase = 200 mm
Hfound = 800 mm
d =Hfound - 55=745 mm

u = Lpocket-4 + 2-d-2-w = 1352 x 104 mm critical perimeter below pocket
4d+ 1040 = 402 x 10° mm < L=41x10 mm
4d+21040=4451x10° mm <  L\2=5798x10" mm

critical perimeter is inscribed into foundation base -

17.4 Flexural reinforcement design

[(L - I_pockct)]:

)
-

2 24 fsk
M=ogl = 1.2 x I{J9 Nmm < 12.7-=—-09-(d - Hbase)- = . 121 x 109
4 ~sred
Nmm
TATFTATAITTITATSY MHTTYT 4T A AT TTREAAT AAANTT MAT Tar mraissrmT™mTnhmn -
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17.5 Punching shear

FrRFeK

PUNCHING SHEAR AT COLUMN CONTROL PERIMETER

-
’ -
B=1+18 (“—0) 2=1127 §6.4.3
\ 200
.
A-NEd .[1 _(Bd+ Lpocket)-l—gocket + w-(2-d) ]
Ed A L -0227 MPa §6.38
- Lpocket-4-d

< 04v-fed =387 MPa [GHEGH

§6.4.5(3)

PUNCHING SHEAR AT EXTERNAL CONTROL PERIMETER

9]
(8-d + Lpocket)-Lpocket + w-(2-d)”

(3-NEd -{l -
vEd_u:=

-

5 J—=om MPa  §6.38

u-d

&
4a.
pl = min| 0.02,0-7- :
4-Hfound-(Lpocket + 6-d)

agcp =0

k\':=min{l+%.2)= 1.268

klv = 0.1
0.18
~cpered

Crde = = 0.129

3 1

vmin = 0.035-kv “-(—-fck) © = 025

MPa

MPa

Jll—l

vRdc = mmj:[c:dc-h--(wo-pl-—fck) + klv.acp] .(vmin + klv-crcpj =025 MPa §647

> Edu=007 [CHECK

337
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18 Foundation footing element - FprEN1992-1:2022

18.1 Shop drawings
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SIDEVIEW (1:30)

| 1850

A

TOP VIEW {1:20)
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FRECAST STITEME DESIGH AND TECHNOLOGY
Thumbedd Fertblmosr Q1Y Mo Tolalmast @
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“ ' ec] & 4nce 2452 F4mm
‘ [ a4 3 187 14571 T4 mm
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ﬂ! ' e 2 3l I 12em
1 az | 324 3a24  1Zem
5 ' 08 1o 4248 42480 T&mm
r o0 1 25e8 SEABO FAmm
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18.2 Definition of concrete geometry and material properties

fck =-25 MPa characteristic compressive strength of cast-in-situ concrete

e =135 partial safety coefficient for concrete

fed = B -16.667 MPa design compressive strength of cast-in-situ concrete
~e

Nvi=13 partial safety coefficient for concrete in shear

ddg =32 mm

V= 0.6{1 ~ f&} = (.54
250

\
fsk = 500 MPa characteristic yield strength of mild steel
~sred = 1.1 partial safety coefficient for mild steel
fywd = Bk _ssese5  MPa design yield strength of mild steel web reinforcement

~sred

NEd = 4100000 N
L =4100 mm
A

Ultimate Limit State (ULS) axial load from column
side of base square footing

Lpocket = 1040 ~mm side of precast pocket

18.3 Soil bearing stress check

SOIL BEARING STRESS (Winkler soil model with rigid foundation)

og=025 MPa > — =024 MPa EHECK
Ld.
assumed maximum bearing stress of soil

shape of critical perimeter for punching shear (§8.4)

Hbase = 200 mm
Hfound = 800 mm
dv := Hfound — 55 = 745 mm

b05 = Lpocket-4 + 0.5-dv-2w = 65x 10° mm

1-dv + 1040 = 1.785 x 10° mm < L=41x10 mm

ldv+y31040=2216x10° mm < L 3=5798x10° mm

critical perimeter is inscribed into foundation base -
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18.4 Flexural reinforcement design
FLEXURAL REINFORCEMENT

"

[(L - Lpocket)]‘ .
2 24~ s
=12x10 i

Nmm < 12-7w-—-09-(dv — Hbase)-
2 4 ~sred

=121x10°

Nmm

M =ogl-
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18.5 Punching shear

GLOBAL MECHANISM
PUNCHING SHEAR VERIFICATION NEED

it [ fkneed a8
e I O O e o e M= 0 1| R
= f=k dw

B=1+18-1{

%
_ (268-dv + Lpocket) Lpocket + -{0.67-dv)"

F-NEd-| 1
=

Fr

TEd A = L =1067 MPa
Lpocket-4-dv

< 7Rdc_min=0401 MPa

if not -= calculation needed

PUNCHING SHEAR AT EXTERNAL CONTROL PERIMETER

E
{2.68-dv + Lpocket)-Lpocket + w-{0.67-dv)"

BNEd-{1- i
TEd u = ¥ =067 MPa
22 b05-dw

bl = 4-Lpocket = 416 = 1'IZI'3 mim

f \
i B0 { B0 B0 |
kpb =if] 36 |1 - — < 1.1,if| 3.6- |1 - »25,25.36- 11— — ;1. = 2.196
N 03 03 B05 /)
p)

24" — -
pl = min| 0.02, 127 =1124x10 °
4-Hfound-{Lpocket + 6-dv}

1

[ ddE"|3 0.3

0.6
TRdc = min| — -kpb-| 100-pl—fck-—= | . — -/—fck | = 0.492 MPa
NV \ dv | v
e > TEd u=067
= ek =102 ; ; : ;
v =100 if nat -= punching shear reinforcement 15 needed
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PUNCHING SHEAR REINFORCEMENT CALCULATION
= 16 mm
nipw = 3

2
Asw = ﬂd.'r‘i‘i-'-"."l.'-d}% = 1.003 x 11}3

_ 2-0.67-dv + Lpocket

st: = 41838
ndrw
™
oW = —
4
L T
st
Rd
me = ——— = 0733
TEd u
1 3
2 2
dw (..ddg\" [ 1 -
ms = max 0.8, - +‘.li-—gt \l =03
30w | v /L me-kpb)

TRdes = min[pw-firwd . me-TRde + ns-(pw-fywd)] = 0984 MPa >  1Ed u= 047

pw-fywd = 0.954

;I
r
msys =max 1,05+ 0634 — | |=1456
L dwv !

tRdmax = nsys-TRdc = 0717 MPa = TEd u= 0467
cv = 80 i
dvout = dv — cv = T03 rm

¢ f
bOSout = b5 —= | —1521x 107 mm

| dveout-ne /

2 extension of the punching shear reinforcement
= 1758 % 107 mm  frem the control section -> absurdely |large and
2w not taking into account the ground reaction

{bl3out — 4-Lpocket)
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STEP MECHANISM
PUNCHING SHEAR AT STEP CONTROL PERIMETER

Lhase = Lpocket + 4-Hbase = 1.584 « 100 mm

dv2 = dv — Hbase = 383 mim
TRde minl = 3 s Mle 0464 MPa
= v f=k dvl
b03_2 = min(3-dv2-4 + 0.5-dv2-2-7 Lbase-4 + 0.5-dv2-2-w) = 8858 » 14]'3 mim
2
BNEd|1- (2.68-dv + ]'_base}-I_t:ase + w-{0.67-dv2)
2
TEd A2 = = 0432 MPa
= Lbase-4-dv

< 7Rdc_min? = 0464 MPa

if not -= calculation needed

PUNCHING SHEAR AT EXTERNAL CONTROL PERIMETER

.
_ {2.68-dv2 + Lbase) -Lbase + - (0.67-dv2)"

-

F

FNEd1

TEd u? = L =033 MPa
= b05 2-dv3

b02 = 4-Lbase = 736 x 1’&3 mim

( b2 ( B02 B2 |
kpb2 = if| 36 /1 - <1136 [1- —— >252536 1- —— || =148
\ 052 B05_2 b05_2 /)

i
247 L
pl2 = mity .02 12-7- = 1.383 x 10 ?
4-(Hfound — Hbase}-(Lbase + §-dv2)

1
.| 08 i ddg\” 03
TEdc? = —-kpb2 | 100-p12—fek-—— | . — - ffek | = 041 MPa
v L dv2 | v
i > tEd u= 067
./ fck = 1923

i if not -» punching shear reinforcement is needed
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PUNCHING SHEAR REINFORCEMENT CALCULATION

_ 2-0.67-dv2 + Lpocket

st2 — 36478
frw
L TR
dwv3-std
- TR _ s
TEd ¢
1 3
2 2

dv2 (. ddg
msd = max 0.8, _1 | 13- gl.- o DL
150-w | v2 /) \med-kpbl )

TRdes? = min[pw-fywd  ne2-tRde + ns2-(pw2-firwd)] = 0984 MPa > 1Ed u= 067

pwl-fywd = 1.514

1
4
{ b02
Tsysd = 1.0.5 + 0:63-| —1

= 1.687
\odwd J

TRdmax? = nsys2-tRdc2 = 0682  MPa = TEd u= 067
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19 Evaluation of environmental impact

19.1 Methodology

The evaluation of the environmental impact of the analysed structural members is preliminarily
carried out considering the consumption of raw materials only. The analysis is carried out through
the definition of environmental impact indexes. The environmental indexes considered in this study
are, for the sake of conciseness, the compulsory ones as prescribed by the standard EN
15804:2012+A2:2019. Some parameters will be analysed in the following according to the most
recurrent of the 10 indexes, i.e. Global-Warming Potential (GWP) in terms of mass of equivalent
carbon dioxide associated to the structural bodies. The complete list of the voluntary Environmental
Product Declaration (EPD) documents used in this calculation is given in the following table. The
considered EPDs are emitted by certified material producers following the instructions of standards
ISO 14025 and EN 15804:2012+A2:2019 currently valid.

MATERIAL EPD DENSITY GWP GWP
(ton/m®)  (koCOseq/ton)  (kgCOzeq/m?)
EPDITALY0042 3,15 891 2807
EPDITALY0042 3,15 547 1723
EPDITALY0088 1,5 225 34
SILICA FUME EPD636 1,1 52 57
SUPERPLASTICISER  S-P-04323 1,1 504 555
WATER : | ] ]
REINF BARS B500 EPDITALY0015 7,85 809 6351
STRANDS Y1860 S-P-05640 7,85 2190 17192
MD-21074-EN 0,91 1770 1611

The analysis encompasses both the absolute impact of the single element and the specific impact of
the elements, obtained by dividing the absolute impact by the influence area within the case study
building. The latter value can give an approximate idea about the influence of the impact of the
specific structural element over the whole building structure, to be usefully read in a comparative
way among the different members.

346



NS
consulting projecrt - calculdrion repor 7 | 4
dlc st BIBM EC2 project - calculati t bm

The values of the influence areas are given in the following:

- TT floor element: 22.68 m?

- Hollowcore floor element: 11.34 m?

- Lattice girder floor element: 22.68 m?

- Prestressed and reinforced central beam: 76.55 m?
- Central column element: 273.38 m?

- Foundation footing: 273.38 m?

Concerning the different mix designs employed, a generic list used for the purpose of
environmental impact evaluation is provided in the following:

PRECAST (C80/95) PRECAST (C45/55)  CAST-IN-SITU (C25/30)

CEMI152,5R 540 420 -
CEM IV/B 32,5 N - - 350
SAND + GRAVEL 1570 1820 1870
FILLER (SILICA FUME) 90 - -
PP MICROFIBRES* 2 - -
SUPERPLASTICISER 7 7 -
WATER 180 150 190
TOTAL (kg/m®) 2387 2396 2400
W/C RATIO () 0,33 0,36 0,54

*only for column elements designed according to FprEN1992-1:2022
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19.2 TT element - EN1992-1:2004
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19.3 TT element - FprEN1992-1:2022
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19.4 Hollowcore element -EN1992-1:2004
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19.5 Hollowcore element - FprEN1992-1:2022
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19.6 Lattice girder element -EN1992-1:2004
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19.7 Lattice girder element - FprEN1992-1:2022
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19.8 Prestressed beam element -EN1992-1:2004
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19.9 Prestressed beam element - FprEN1992-1:2022
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19.10 Reinforced beam element -EN1992-1:2004
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19.11 Reinforced beam element - FprEN1992-1:2022

M@ Reinf. steel B500
O Cement|52.5R

1200

1400 -

O Aggregates

W Superplasticiser

=
()
S
g
Q
o)
o
51000 -4 e T
©
Q.
E 800 -1  frmmmrmmm e
=
S 600 - N
€
c
S 400 - SN S S [ 0 —
>
&
200 - - D -----------------------------
N N S N R S N
& & e & & & &
S > > > N N N > S
NS > > & > > > > N
N o Q& & R S N P <
@ C \ & & ) o & Q
$Q N v? \{.Qt? \ﬁ& ’§® k\,b QQ
2 S S N & & v
9) & & Y &
L N < &
$ 3
20 mmmmmmm o mm oo @ Reinf. steel B500
€ 18 - Jtmmmmmmmmmmmmmmmmemmmmmmmmmmeemoooeee ECement|52.5R
Ee)
g S 1 e O Aggregates
>
§ 14 -9 |rrrmmoommmmmoommmmmooommmooomommoooooooos B Superplasticiser
8 12 o | T
§ 10 -4  fmmmm e e e - -
S
= 8 - L SLSCLEEEEERTEEEEEEEEEERERIEY  EETEERERE
3
g 6
IS
§ 4
g 2
NN ]
0




dlc_:p_m%u[_,mg BIBM EC2 project - calculation report

bi

SR
bm

-

19.12 Column element -EN1992-1:2004
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19.13 Column element - FprEN1992-1:2022
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19.14 Foundation footing - EN1992-1:2004
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19.15 Foundation footing - FprEN1992-1:2022
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20 Comments on main deviations from EN1992:2004 to FprEN1992:2022

Detailed comments about the main deviations found between the structural design flow of the
analysed elements following either EN1992-1-1:2004 or FprEN1992-1-1:2022 are listed in the
following in the format of lettered point. It is reminded that the list is not intended to highlight
every difference between the two codes, but only those differences that came across during the
design process of the evaluated structural members.

20.1 Constitutive law of materials

a)

b)

d)

Partial factor for prestressing steel in ULS: The design prestressing action can be
managed following a single partial coefficient equal to 1.0 according to EN1992-1-1:2004
§2.4.2.2, to be multiplied by the mean design prestressing action, apart for the verification of
local effects; it shall be managed following two partial coefficients according to
FprEN1992-1-1:2022 §4.2.1.5 if the equivalent force approach is used following
§7.6.1(1)b). No deviations were introduced in the project, since the stress approach was
used. Apparently, to deal with equivalent force approach at ULS, where plasticisation of
steel and concrete occurs, looks conceptually wrong and misleading.

Partial safety factors for materials: two additional partial factors are introduced in
FprEN1992-1-1:2022: y.. for the concrete elastic modulus, and y, for the shear and punching
resistance of unreinforced concrete.

Design strength of concrete in compression: a new factor 7. lower than unity is
introduced in FprEN1992-1-1:2022, which is intended to lower the concrete strength in
compression for mixes of class higher than C40/50. Thus, this affects all elements that were
designed in the project. For class C45/55 mix the reduction factor is equal to 0.961. For
class C80/95 mix the reduction factor is equal to 0.794. It is pointed out that the formula
affects even the most performing mixes classified as Normal Strength Concrete, and not
only High Performance or High Strength Concrete.

Formula for the evaluation of Ecm: the formulae for the evaluation of the mean
longitudinal elastic modulus of concrete is different in the two codes. It is reported that
results are different but not by much (42.24 Gpa for EN1992-1-1:2004 versus 42.26 GPa for
FprEN1992-1-1:2022 for class C80/95 mix).

Formula for the evaluation of gcul: the formulae for the evaluation of the ultimate strain
of concrete in compression according to the modelling strategy 1 is different in the two
codes. It is reported that results are different but not by much (2.803%. for EN1992-1-
1:2004 versus 2.816%o for FprEN1992-1-1:2022 for class C80/95 mix).

Simplified constitutive law of concrete in compression: in FprEN1992-1-1:2022 there is a
relevant simplification in terms of simplified constitutive laws for concrete: the triangle-
rectangle constitutive law was deleted, and the parameters defining parable-rectangle and
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stress block laws were modified by deleting the dependency of their parameters on the class
of concrete.

Ultimate strain of concrete mainly subjected to compression: the limitation of ultimate
strain to &2 / &3 contained in EN1992-1-1:2004 is disappeared in FprEN1992-1-1:2022. As
a consequence, a potential for better exploitation of steel rebars in compressed column
elements is introduced in the new EC2-1-1.

Strength of concrete in tension: a new formulation is proposed in FprEN1992-1-1:2022.
Results do not change significantly with respect to the old formula of EN1992-1-1:2004.
Elastic-perfect-plastic constitutive law of reinforcing and prestressing steel: this point is
a remark rather than an observation of difference. The typical elastic-perfect-plastic
relationship is defined in both standards with an indefinite plastic branch. As a consequence,
if this typical constitutive law is assumed, cross-sections will never fail on rebar side. To be
noted that this is valid for all grades of steel, also for example BSO0OA or for Y1860, despite
being them much less ductile than BS00C.

Elastic-hardening constitutive law of reinforcing steel: the value of &,s in FprEN1992-1-
1:2022 is lower with respect to the value in EN1992-1-1:2004. The characteristic ultimate
strain to be used for elastic-hardening constitutive law is in the new document divided by
the partial safety factor of the steel material ;.

Equivalent yield strength of prestressing steel: the characteristic equivalent yield strength
at 0.1% of residual strain at unload in FprEN1992-1-1:2022 is given in Table 5.6 as 1640
MPa, which is lower with respect to the value in EN1992-1-1:2004, equal to 0.9-fptk = 1674
MPa.

Elastic-hardening constitutive law of prestressing steel: the characteristic ultimate strain
of prestressing steel gy in FprEN1992-1-1:2022 is equal to 3.5%, much larger with respect
to the suggested value in EN1992-1-1:2004, which turns out being 2.2%.

m) Reduced partial factors thanks to production control: both standards allow to reduce the

partial safety factors for materials for precast concrete members due to the adoption of a
production control procedure typical of precast production plants. Despite the procedure is
different, the resulting reduced coefficients are the same for both documents (1.4 for
concrete and 1.1 for reinforcement). Nevertheless, different strategies may lead to different
factors.

Confinement contribution of stirrups for the definition of the concrete core constitutive
law: FprEN1992-1-1:2022 proposes a method to evaluate the contribution from stirrups in
the effective confinement of concrete cores in terms of stress o2. This method, not cited in
EN1992-1-1:2004, helps the designer in understanding how to implement this contribution
instead of making reference to methods not included in the standard. Moreover, apart from
the method used to evaluate the confining stress, also the formulation concerning the
modification of the constitutive law of concrete in compression is radically modified in the
new document. As an exemplificative application within the column element (in the areas
where it is not lightened by the plastic pipe), the confinement effect resulted in a limited
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(practically negligible) increase of strength and in a relevant increase of strain capacity
(more than double).

Evolution of strength and elastic longitudinal modulus over time: the formulae for the
evaluation of the evolution of compression or tension strength over time are formally similar
in the two documents, although the constitutive parameters s, fc. are defined in a different
way. Moreover, the exponents of the formulae for the determination of E.»; and feuy; are
slightly different. As a result, at 2 days of age fewj, femyj and Ecnj are 30.6 MPa, 2.73 MPa, and
29.7 GPa referred to FprEN1992-1-1:2022, and 30.6 MPa, 2.19 MPa, and 30.7 GPa referred
to EN1992-1-1:2004, respectively. Hence, the compressive strength results identical, the
tensile strength remarkably higher, and the elastic modulus slightly lower.

20.2 Flexural and compressive strength

No differences were noted in the procedures for the check of flexural/compressive strength between
the two standards.

20.3 Serviceability

a)

b)

Method for evaluation of the SLS deflections: The rigorous method of double integration
of the curvature was used following both documents, according to §9.3.4(7) of FprEN1992-
1-1:2022 and according to §7.4.3(7) of EN1992-1-1:2004. To be noted that the general non-
linear constitutive law of concrete (indicated for structural assessment) should be used to
correctly capture the concrete deformability in the pseudo-elastic behaviour phase.

Allowed stress for strands: The allowed stress for prestressing strands is less severe in
FprEN1992-1-1:2022 with respect to the current version. In particular, the allowed stress is
increased from 0.75-fpk (§7.2(5) of ENI1992-1-1:2004) to 0.80-fpk (Table §9.1 of
FprEN1992-1-1:2022).

Creep coefficients: The method for the calculation of the creep coefficients in classical
viscoelasticity regime is completely different in the two documents. In particular, it is
pointed out that the creep coefficient at early age of concrete is much higher according to
FprEN1992-1-1:2022 with respect to EN1992-1-1:2004 (for two days of age, the linear
effects at 50 years of life span are magnified by 2.72 versus 2.19), which affects the
contribution of prestressing. Nevertheless, this difference is becoming narrower for loads
applied at larger time. In the following, two graph comparing the creep functions for the two
documents are reported (concrete C45/55):
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Limit between linear and non-linear creep: The limit for the consideration of non-linear
creep slightly changes from 0.45-fck (§7.2(3) of EN1992-1-1:2004) to 0.40-fcm (§9.1(4) of
FprEN1992-1-1:2022).

Maximum crack width: The limit for the maximum crack width allowed in EN1992-1-
1:2004, equal to 0.2 mm for prestressed members, is increased to 0.3 mm in FprEN1992-1-
1:2022.

Expected crack width calculation: The approach is similar in the two documents, although
a completely different definition for the spacing of the cracks function s7ua is provided. As
a result, for the beam with mild reinforcement the crack width in frequent load combination
resulted higher in FprEN1992-1-1:2022 (0.126 mm) with respect to the width calculated
according to EN1992-1-1:2004 (0.091 mm).

Shrinkage: Formulae for the evaluation of the shrinkage strain of concrete over time have
been deeply modified in FprEN1992-1-1:2022, despite the basic data needed for the
calculation is similar to EN1992-1-1:2004. As a result, the final shrinkage at 50 years of life
service of the lattice girder element designed according to FprEN1992-1-1:2022 results
relevantly lower than what calculated according to EN1992-1-1:2004.

20.4 Shear, punching shear and strut&tie

a)

b)

Type of check for shear: Different strategies are introduced in FprEN1992-1-1:2022 with
regard to ULS shear checks. In particular, following §8.2.1(1), if the maximum tangential
stress is lower than a minimum 7r4.min, detailed shear check can be omitted; if the maximum
tangential stress is lower than g4, no calculated shear reinforcement can be placed;
elsewise, a detailed calculation shall be carried out.

Check procedure for members not reinforced for shear: Two alternative calculation
procedures are suggested, leading to different results. They both differ relevantly from the
procedure suggested by EN1992-1-1:2004. The devoted chapter is also not fully clear in
some passages concerning the effect of axial forces, including the following “For the given
factor kI according to Formula (8.34), the effective depth d in Formula (8.33) may be
replaced by av,0 where av,0 is determined according to Formulae (8.29) and (8.30), without
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d)

g)

considering in MEd und VEd the effect of prestressing or external load that produces the
compressive axial force.”. By reading this chapter, the designer does not fully understand
whether d is to be replaced in formula (8.34), or in (8.33), or in both. Moreover, in the same
chapter the main difference between the two suggested alternative procedures consists in
including or excluding the effect of prestressing on bending, which apparently is null in case
of straight strands typical of pre-tensioning technique.

Cotangent for the ULS shear check of members with shear reinforcement: Given
stirrups of steel grade BSOOA are used, as typical for small rebar diameters, the maximum
cotangent of a member in bending shall be limited to 2.0 according to §8.2.3(4) of
FprEN1992-1-1:2022, instead of 2.5 in EN1992-1-1:2004, following the limitation to 80%
of the suggested value.

Basic formulae for the ULS shear check of members with shear reinforcement: The
basic formulae are the same of the Morsch truss model. However, the design shear
associated to the failure of stirrups ties or concrete struts is expressed in terms of tangential
stress instead of loads over the truss moduli, which is somehow misleading. Moreover, the
formula for the concrete strut check is slightly different by means of (i) a single value of the
concrete strength reduction coefficient v equal to 0.5 in §8.2.3(6) of FprEN1992-1-1:2022,
instead of a slightly larger value as a function of concrete class provided in §6.2.3 of
EN1992-1-1:2004, and (ii) the coefficient ocv accounting in EN1992-1-1:2004 for the
compression state of stress of the concrete chord, is missing in Fpr1992-1-1:2022.
Formulae for the ULS shear check of precast members without shear reinforcement: In
both documents a specific period is inserted concerning a reduction of shear resistance for
precast members not reinforced in shear (mainly hollow core). Despite the objective of the
two formulations is the same, i.e. checking plane-state stress to not leave the beam form a
crack in shear, the actual proposed formulae yield to different results. In particular, a more
general approach is contained in FprEN1992-1-1:2022, which in principle would require the
identification of the most stressed chord in combined longitudinal and transverse directions
along the depth of the cross-section. The results, in line with other points of the documents,
highlight a larger strength associated with the approach of FprEN1992-1-1:2022.

Shear between web and flanges: The approach is similar in the two documents. The
additional horizontal reinforcement is calculated according to the same formula. The check
on the compressed concrete struts is calculated according to a different formula, although it
differs only for the formal mathematics, since it yields to the same result.

Shear at the interface between concretes cast in different times: The approach is similar
in the two documents. Nevertheless, the formulae of FprEN1992-1-1:2022 are relevantly
different from the ones of EN1992-1-1:2004. As a result, coherently with the whole
document, the strength at the interface between the two concretes for the lattice girders
becomes slightly higher with the new document (0.687 MPa versus 0.643 MPa). To be
noted that the values of cohesion and friction coefficients are completely different.
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h)

)

k)

D

a)

b)

Procedure for calculation of punching shear: Analogously to the procedure for the check
of shear, FprEN1992-1-1:2022 introduces a “gate” severe check with a particularly low
punching shear resistance, which, if fulfilled, avoids the need to carry out further
calculations.

Definition of control perimeter for punching shear: The definition of control perimeter
for punching shear in FprEN1992-1-1:2022 is similar in terms or approach but much more
severe in terms of quantitative results with respect to the current standard: instead of a fixed
stress diffusion angle 6=26.6° in EN1992-1-1:2004, with the check to be carried out in
correspondence of this perimeter, a lower fixed stress diffusion angle 6=45° is given in
FprEN1992-1-1:2022, moreover with the check to be carried out at half of the distance dv
from the load area. This highly reduces the control perimeter in the new standard, making
the check for punching shear of unreinforced concrete structures relevantly more severe with
respect to the current standard. For the case of the designed foundation footing, the new
procedure yielded to the need of punching shear reinforcement, placed in the form of bent
rebars.

Control sections in punching shear: FprEN1992-1-1:2022 explicitly cites, also with the
aid of an explicative image, that step foundation footings must be checked at all step
sections, assuming each step as a loading area, which was not necessary according to
EN1992-1-1:2004. For the designed foundation case study, it did not yield to any
modification of the element.

Extension of punching shear reinforcement: The formula for the length of extension of
the punching shear reinforcement contained in FprEN1992-1-1:2022 provides large values
which do not match with foundation elements resting over soil.

Strut&Tie method for corbels: The resistance of compressed struts varies significantly
between the two standards. In particular, the reduction factor v’ of strut compressive
strength, which was related to the concrete class only in EN1992-1-1:2004, is drastically
changed in FprEN1992-1-1:2022, where it is related to the angle of the strut. With respect to
the previous standard, the coefficient results less severe for large angles, and more severe for
small angles. To be noted that the reinforcement and strut&tie schemes provided in annex J
of EN1992-1-1:2004 are not proposed in FprEN1992-1-1:2022, apart from a simplified
sketch in Fig. 8.5.

20.5 Fire

Thermal conductivity curve for concrete: The approach of the two alternative curves
proposed in EN1992-1-2:2004 was overcome in FprEN1992-1-2:2022 thanks to the
introduction of a single curve, which turns out to be intermediate with respect to the ones
previously introduced. The other thermal/physical properties of concrete were not changed.

Mechanical stress-strain relationship of concrete with temperature: the advanced stress-
strain relationship of concrete was not changed for concrete classes below C70/85. For class
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d)

a)

C70/85 or higher, only a very minor is introduced in FprEN1992-1-1:2022, concerning the
strength loss in the range 20 °C — 100 °C.

Concrete spalling: rules are introduced in §10 of Fpr1992-1-2:2022 concerning the
mitigation of concrete spalling. In particular, complex numerical assessments or the
introduction of polypropylene microfibres in the concrete mix are requested for members of
concrete class higher than C70/85 or for members with thin exposed web. In the project, it
turned out that 2.0 kg/m? polypropylene microfibres need to be implemented in the concrete
mix for the column element, only, due to its high concrete class, given the more standard
mix for class C45/55 concrete employed for the other elements does not contain a quantity
of silica fume larger than 6% by weight of cement. It is noted that other types of fillers are
not apparently included into this restriction.

Checks in bending: the Isotherm 500 °C method is not anymore explicitly included into
Fpr1992-1-2:2022, but a similar procedure is introduced. The dimensions of the concrete
area are given by simplified formulations, where it is noted that in §7.3.1(4) concrete classes
higher than C70/85 are penalised by means of 15% additional reduction of rim inefficient
thickness. Nevertheless, a thermal mapping is always necessary to evaluate the temperature
in the steel reinforcement. It is pointed out that the Isotherm 500°C method was not used
(advanced method was used instead) apart from the column model method for the evaluation
of the fire resistance of the column element including second order effects.

Checks in shear: the same method of the reduced section is proposed in the two documents.
However, the definition of the reference temperature of the transverse reinforcement is
different: in EN1992-1-2:2004 it is defined as the position defining the effective tensile area
following EN1992-1-1:2004, or other points not fully clearly identified in the procedure and
only indicatively positioned in the drawings of Figure D.2. In FprEN1992-1-2:2022 it is
defined geometrically on the basis of the shape of the cross-section as the point at mid-depth
of the shear-resisting web, which appears being more logical for certain shapes typical of
precast concrete elements such as inverted-T-shaped, L-shaped, I-shaped or Y-shaped
beams, having larger bottom bulb. Moreover, in the new document the definition of the
reduced cross-section may follow the method alternative to the Isotherm 500 °C, and the
shear resistance is checked in accordance with the procedure described in FprEN1992-1-
1:2004, which provides the differences previously highlighted.

20.6 Additional requirements

Minimum concrete cover: The approach to evaluate the minimum concrete cover is similar
between the two standards, although what are named Structural Classes (SC) in EN1992-1-
1:2004 are transformed into Exposure Resistance Classes (ERC) in FprEN1992-1-1:2022
with regards to minimum cover for durability cminaur. Differently from EN1992-1-1:2004,
where the basic SC was recommended (S4), in Fpr1992-1-1:2022 there is no suggestion
about the basic ERC to select, which is referred to the procedures included in the standard
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b)

d)

EN 206:2013. To be noted that the reference to an outer standard different from EC2 is out
of the style of the document, which typically is conceived to provide all information to carry
out the complete design. Moreover, there is no perfect correspondence between SC and ERC
in terms of suggested carbonation-induced minimum cover different. Apparently, the ERC
class most similar to S4 is XRC4, despite for XC4 the minimum cover results less. This
issue was however overcome by the adoption of the alternative procedure provided in
Annex P of FprEN1992-1-1:2022, which is exactly the same of the old version. Thus, no
deviations are reported between the position of mild and prestressing reinforcements
according to the two EC2 versions.

Minimum amount of main flexural reinforcement: The procedure for the evaluation of
the minimum reinforcement is similar in both documents, although in FprEN1992-1-1:2022
it requires more passages. As a result, it was observed a very remarkable lowering of the
minimum amount in the new document (for the beam, slightly more than 3 times).
Moreover, an explicit condition of overstrength after cracking is introduced in FprEN1992-
1-1:2022, which affects elements predominantly subjected to bending. No changes were
observed in the formula for the minimum amount of shear reinforcement.

Minimum amount of reinforcement at support: FprEN1992-1-1:2022 introduces in Table
§12.2(5) a minimum amount of bottom longitudinal reinforcement at the end support equal
to 0.25-A req span, Where it is specified that A4 req span 1S the area of steel required for positive
bending moments of the span. This definition is not precise, since it does not state that the
moment to be considered is the maximum. However, interpreting the definition, the
maximum bending moment was used to design the support reinforcement. In EN1992-1-
1:2004 a similar concept is introduced, however referring explicitly to the area of steel
provided (not required).

Anchorage length: The formulae in the two standards appear being completely different. In
particular, the formulation included in FprEN1992-1-1:2022 yields to longer anchorage
length for mild reinforcement. For the case of the beam, the straight anchorage length is
equal to 28.5® in the new document, against 26.6® in the current one. Surprisingly,
although coherently with the lower transfer length of prestressing discussed in the following
point, the formula for the anchorage of prestressing tendons yields to the lower length of
1539 mm against 1670 mm. Finally, a more clearer and sound formula is provided in the
new standard for what concerns the effect of bends at different angles, which allows to
relevantly reduce the total anchorage length of bent rebars.

Transfer of prestress: The formula in FprEN1992-1-1:2022 differs substantially from that
of EN1992-1-1:2004, since it is related to the concrete compressive strength rather than its
tensile strength, and also several coefficients are different. As a result, the formulation of
FprEN1992-1-1:2022 yields to a remarkably lower transfer length of prestressing of 907 mm
against 1031 mm from EN1992-1-1:2004.
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21 Conclusions

21.1 Comparison in terms of volume of material employed

The conclusions of the work are given in terms of a comparison of the quantities of different
materials employed, in the following graphs, and in terms of qualitative indications about the
rationale of the proposed concept and structural design and the differences found in the application
of the current draft of the new Eurocode FprEN1992-1:2022 with respect to the current standard
EN1992-1:2004.
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21.2 General comments about the design of the elements

» TT element: a commercial cross-section with original 30 cm of depth was selected.
However, due to the large distributed floor loads and due to the request to not consider a
reinforced concrete topping, making a fully precast slab, the original thickness of 5 cm of
the top slab was increased to 8 cm, assuming sides are mounted over the production mould
in the precast factory. ULS bending resulted being the critical factor for the selection of the
longitudinal prestressing reinforcement. The minimum reinforcement requirement for
transverse bars resulted critical for the disposition of the transverse bars, although close to
what required for shear resistance close to the end supports. The double mesh of the top slab
was integrated with additional straight rebars in the vicinity to the end supports due to shear
at web-flange interface. Additional short U-shaped rebars were placed at the supports to
cover the bending moment request from the Morsch truss scheme.

No differences were adopted between the elements design according to the two standards.

> Hollowcore element: a commercial cross-section with 26.5 cm of depth was selected. As
required by the extruding production method of hollowcore members, only prestressing
tendons were assumed to be incorporated in the precast element. Their design was related to
the need for bending check. Two additional straight rebars per member end with end thread
are designed to be post-inserted (screwed) into mechanical couplers cast into the beam
element, and later filled with in-situ concrete pouring. Their function is double: to provide
additional shear strength close to the end supports, and to provide a mechanical connection
for robustness and diaphragm stiffening.
The only difference between the design of the element according to the two standards
concerns the length of the additional straight rebars, which following Fpr1992-1:2022 is
slightly larger. Indeed, an important difference consists in the shear resistance calculation,
which according to Fpr1992-1:2022 would not have needed to cast the selected holes. They
were assumed to be cast anyway in order to fulfil their second function, as previously
described.

» Lattice girder element: the conception of the element starts from a commercial product of
precast lattice plank. This element needed to be heavily reinforced in bending for the
combination of the following reasons: it is not prestressed, and it turns out being a solid
concrete slab, and thus its self-weight is large. In particular, the critical request was the one
related to deflection limitation. Despite an initial camber equal to the maximum allowed by
the code was set, the large quantity of longitudinal reinforcement in the main working
direction of the element was introduced in order to reduce the cracked stiffness of the
element and, subsequently, the final viscoelastic deflection. Moreover, a significant quantity
of transverse reinforcement was inserted, in order to respect the request by both standards to
install a certain percentage of the longitudinal reinforcement in the transverse direction. To
be noted that the four lattice trusses cast in the precast plank are not needed in the final
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configuration following both standards. Anyhow, they are needed for intermediate
construction phases. Finally, short U-shaped rebars were installed as additional end
reinforcement to provide bending resistance also near the supports.

The main difference between the design following the two standards refers to the minimum
quantity of transverse reinforcement for slabs, which is lower in FprEN1992-1:2022.

Prestressed beam element: the beam element was conceived with proper dimensions to
laterally support the slab members. The reinforcement cages were conceived in order to be
preassembled in the precast factory, lifted and installed after the tendons and the lower mesh
are ready on the mould. The longitudinal reinforcement was designed in order to fulfill the
ULS condition for bending moment.

The main difference between the elements designed following the two standards is in the
quantity of stirrups: closer to the end support, the spacing for FprEN1992-1:2022 results
narrower due to the difference in the strut angle, but soon after it becomes larger due to the
stronger shear resistance of elements not requiring shear reinforcement. In this area, the
minimum reinforcement requirement determines the stirrup spacing.

Reinforced beam element: The longitudinal reinforcement was designed in order to fulfill
the SLS condition for deflection control. Despite an initial camber equal to the maximum
allowed by the code was set, the longitudinal reinforcement was designed in order to reduce
the cracked stiffness of the element and, subsequently, the final viscoelastic deflection.

The main difference between the elements designed following the two standards is in the
quantity of stirrups: closer to the end support, the spacing for FprEN1992-1:2022 results
narrower due to the difference in the strut angle, but soon after it becomes larger due to the
stronger shear resistance of elements not requiring shear reinforcement. In this area, the
minimum reinforcement requirement determines the stirrup spacing.

Column element: The side width of the square column element was selected equal to 40 cm
in order to be the same of the beam top, for geometrical compatibility. This element was
designed with a high-performance concrete class: C80/95. Due to the high compressive
strength of concrete, which would have been much over-designed in the configuration of a
solid element, the cross-section was lightened by inserting in production long pieces of
plastic pipe in central position. The pipes, not intended to work as a rain drainage system,
are discrete and interrupted in correspondence of the corbels providing support for the
beams. The bottom joint with the foundation in assumed to be a pocket joint, and thus the
column is actually longer than what needed in its final configuration. Moreover, the column
was deemed to be too long to be transported and erected in a single piece, and thus it was
divided at about half of the height of the building, out of the corbel areas. The two elements
are assumed to be connected by means of protruding rebars from the top column element,
inserted into thin metallic pipes cast into the bottom element, providing large tolerance.
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After external bracing and verticality regulation, the joint is completed by pouring high-
strength mortar which fills the pipes and the gap. The column element resulted subjected to
very low bending actions (moment and shear), being the axial load the clear critical action.
Nevertheless, considering a minimum axial load eccentricity of 20 mm, following both
standards, the element was checked against the resulting bending moment distribution.
FprEN1992-1:2022 provides a strength reduction coefficient for high performance concrete,
which as a consequence allowed to lighten less the column cross-section. Thus, the column
design according to EN1992-1:2004 contains less concrete than the one designed according
to FprEN1992-1:2022. Moreover, similar considerations apply also to the steel volume,
since it was designed according to the minimum reinforcement criterion, as well as the
stirrup distribution.

Foundation footing: The foundation footing is assumed to be partially precast, with the
pocket element being produced in the precast plant, and the lower slab to be cast-in-situ. The
reinforcement of the pocket was selected as the standard minimum for such elements, since
very low bending moment and shear actions are expected. U-shaped rebars are assumed to
protrude from the precast element and to be connected with the reinforcing cage to be
assembled in-situ. Not being the soil object of dedicated design, the reinforced concrete
foundation was designed assuming a simplified constant stress distribution from the ground,
associated to a Winkler-type soil model with rigid foundation. The reinforcement of the
lower cast-in-situ slab was designed following bending actions induced by the cantilevering
of the lower slab with respect to the precast. Additional small-diameter rebars were placed
above the main bottom longitudinal ones in order to provide stability to the cage in the
transitory phases before casting.

The difference between the foundations designed according to the two standards concerns
the punching shear reinforcement: indeed, punching shear reinforcement was calculated not
to be necessary following EN1992-1:2004, while a series of inclined rebars were inserted in
the cage of the element designed according to Fpr1992-1:2022, mainly due to the different
approach in the definition of the critical punching perimeter.

21.3 Comparison in terms of fire resistance

Concerning the behaviour of the studied elements in fire, the check of bending resistance was
carried out with analytical method as shown in the previous chapters with reference to the exposure
time to the nominal standard ISO834 fire curve requested (60 minutes). This check was proved to
never be critical concerning the design of concrete sections and reinforcement, apart from the
addition of polypropylene microfibres for the high-strength concrete mix of the column elements
following FprEN1992:2022 only.

The following table resumes the bending resistance of the investigated elements in terms of time (in
minutes) associated with the attainment of their ultimate strength. It can be commented that the
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effect of the different conductivity curves of concrete (between the lower proposed in EN1992:2004
and the single one proposed in FprEN1992:2022) is limited to very few percentage points and
practically negligible, for all cases where the same concrete cross-section was compared. Higher
differences in the thermal fields are expected to be observed at early stages of exposure, typically
far from being associated to structural safety issues.

Bending resistance to ISO834 [min]

1 2

Element EN1992:2004* FprEN1992:2022 (2-1)/1[%]
TT element 82 80 -2.44
Hollow core 116 115 -0.86
Lattice girder 272 270 -0.74
Prestressed beam 154 153 -0.65
Reinforced beam 196 195 -0.51
Column’ 130 169 +30.00

*Calculated using the lower conductivity curve of concrete
*Columns designed with different codes have different concrete section

21.4 Comments about easiness to read and apply FprEN1992-1:2022

Different considerations may be drawn from the comparison of the current and proposed versions of
Eurocode 2.

Concerning FprEN1992-1-1:2022, it can be preliminarily observed that the number of pages is
relevantly grown to 410 pages from the 227 pages of the current version of EN1992-1-1:2004,
which by itself is a factor which determines a difficulty in handling and finding the required
information in such a large volume of pages.

In particular, FprEN1992-1-1:2022 is characterised by a very large number of initial pages
dedicated to list of content, introduction, normative references and especially definitions and
symbols, which ends at page 66. For reference, in the current version of the document this section
ends at page 20. Indeed, the section dedicated to definitions and symbols may seem very large in
the new version of the document, although more attention has been paid to avoid any duplication of
symbols, with potential confusing or unclear meaning by the reader, which sometimes happens in
the current version of the code. On the other hand, the meticulous avoidance of symbol repetitions
in the new document brought to the definition of a whole new set of symbols, which not always
have direct and immediate correspondence to the symbols used in the current version of the
document. This adds difficulties in comparing the procedures of the two codes, although the
documents contain all information to solve this issue and find the correct corresponding
terms/symbol from the current to the new version.
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One positive aspect of the organisation of FprEN1992-1-1:2022 concerns the correspondence of the
order of the main content with respect to EN1992-1-1:2004: Basis of design ; Materials ; Durability
and concrete cover ; Structural analysis ; Ultimate Limit States (ULS) ; Serviceability Limit States
(SLS) ; Fatigue ; Detailing of reinforcement and post-tensioning tendons ; Detailing of members
and particular rules ; Additional rules for precast concrete elements and structures ; Plain and lightly
reinforced concrete structures. The only main chapter which is not recalled in an equal or very
similar manner in the current code is the chapter dedicated to Lightweight aggregate concrete
structures, which became Annex M in FprEN1992-1-1:2022. Indeed, also the structure of the
annexes is very similar between the two documents, despite the number of them has increased
significantly with the proposed version, passing from J (10) annexes to S (19) annexes. The large
number of changes in the new document version also makes the comparison and the interpretation
of the new document rather complex. This consideration has repercussions over the compilers of
informatic codes solving structural issues, as well as over design practitioners which created their
own design instruments: they will need to deeply revisit their codes/spreadsheets to adapt the many
changes from simple terms to completely different formulations and approaches to usual structural
design issues. It is also recalled that some chapters, especially those concerning the resistance to
shear and punching shear of unreinforced members, appear being more complex and more possibly
subjected to interpretation with respect to the previous version of the code.

A quite different scenario concerns the document about fire behaviour and resistance FprEN1992-1-
2:2022: the total number of pages of the new document is 88, relevantly less with respect to the 100
pages of the current version, denoting a larger synthesis of the information contained. Also in this
case, apart from a more structured introduction and section about terms and definitions, the scheme
of the new document remains the same, with some changes in the end of it, where information
about simplified design methods, advanced design methods, and spalling, previously contained in
specific annexes, was moved (reasonably) to main chapters. Moreover, as previously discussed, the
changes between these documents are limited and clearly introduced, making it rather easy to
understand and correctly interpret them.

It can be finally observed that all documents share a similar style, which makes easier their
comparison and in general the understanding of the differences introduced with the proposed new
versions, although the document is clearly devoted to instructed technicians and not to a wider
audience.

21.5 Final remarks and future work

As a final consideration, it can be noted that the differences between the two standards are many,
and that they include practically all the steps of the design process, starting from the definition of
the constitutive laws of the structural materials, down to the definition of details such as the
anchorage length. These differences are reflected in the comparative design that was carried out.
Nevertheless, the final outcome of the design in terms of element dimensions and reinforcement
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ratios is reasonably similar between the two standards, with deviations which are in the end limited
to few percentage points. To be noted that the differences were found sometimes in favour (smaller
volume of materials) of one standard, and sometimes in favour of the other, proving a further
balancing between the economical and environmental impact of precast concrete elements designed

following the two standards.

Future developments of the work may include an update at the time of the official publication of the
new Eurocode 2, when the current draft may have been subjected to modification, and also in the
phase of identification of the Nationally Determined Parameters (NDPs) and Non-Contradictory
Complementary Information (NCCI) to be selected within the draft of the national annexes by the
several mirror groups of the European member countries. Moreover, it would be interesting to
extend the comparison also to elements having longer span, typical of industrial buildings.
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